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At the end of 2003, Professor Philipp Heitz (Fig. 1)
resigned from his position as member of the Board of
Managing Editors of the journal. He had been associated
with Virchows Archiv as managing editor for 5 years,
having been first invited to become a reviewer for
Virchows Archiv B in 1994, when Ulrich Pfeifer was the
editor of that journal. As managing editor, he was mainly
responsible for manuscripts dealing with endocrine
pathology. We are deeply indebted to him for his many
years of dedicated service to the journal and we are happy

that he is going to stay on as member of the editorial
board.

Professor Fred Bosman (Fig. 2), head of the Depart-
ment of Pathology at the University Hospital of Lausanne,
and Professor Heinz H�fler (Fig. 3), head of the
Department of Pathology of the Technical University of
Munich, have joined us as managing editors of Virchows
Archiv. Both have been associated with the journal as
editors since 1994. Fred Bosman and Heinz H�fler have
outstanding reputations as scientists in the fields of
gastrointestinal and molecular pathology and are mem-
bers of a large number of international societies. Fred
Bosman also served in the Executive Committee of the
European Society of Pathology and is one of the
organizers of the EuroCellPath courses. Professor H�fler
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is currently chairman of the European Society of Pathol-
ogy Working Group on Molecular Pathology.

With the appointment of two new managing editors,
the total number of managing editors has increased to six.
Professor H�fler will run the editorial office, which will
remain in Kiel in the capable hands of Mrs. Br�tting and
be supervised from Munich. This will be possible because
we are introducing an online submission and reviewing
system based on Manuscript Central. Professor Kl�ppel,
who until now has managed the editorial office from Kiel,
will concentrate in future on the recruitment and super-
vision of review articles.

Finally, we would like to express our gratitude to the
editors and all other scientists from various countries who
have helped us to make Virchows Archiv a successful
journal of the European Society of Pathology.

Fig. 3 Professor Heinz H�fler
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Abstract The spectrum of pathological lesions observed
in non-alcoholic fatty liver disease (NAFLD) is wide and
strongly resembles that of alcohol-induced liver disease.
It ranges from fatty liver to steatohepatitis, progressive
fibrosis and cirrhosis. Hepatocellular carcinoma is a
possible complication of NAFLD, but whether it is related
to frequently associated metabolic disorders (e.g., over-
weight, diabetes) or to underlying cirrhosis is unclear.
This disease is the result of a multi-factorial process in
which insulin resistance seems to play a major role in the
initial accumulation of fat in the liver, whereas multiple
causes of mitochondrial dysfunction and oxidative stress
can induce the secondary occurrence of necroinflamma-
tory lesions and fibrosis. Genetic factors might explain
why only some patients with simple steatosis will develop
steatohepatitis and fibrosis. Due to the increasing prev-
alence of obesity in Western countries, NAFLD will
possibly be a public health problem and the liver disease
of the future.

Keywords Non-alcoholic fatty liver disease ·
Steatohepatitis · Liver fibrosis · Insulin resistance ·
Mitochondrial dysfunction

Introduction

Non-alcoholic fatty liver disease (NAFLD) has probably
become one of the most common causes of chronic liver
disease in Western countries and might be, in the future,
an important public health problem [4, 20, 53]. This
condition, with an uncertain natural history, may be
severe and is characterized by a wide spectrum of
pathological lesions, ranging from simple steatosis to

steatohepatitis, advanced fibrosis, cirrhosis and even
hepatocellular carcinoma. These lesions closely resemble
those induced by alcohol, but occur in patients who deny
excessive alcohol consumption.

This disease raises numerous questions concerning its
definition, epidemiology and associated conditions, its
clinical presentation, natural history, pathophysiology and
management. Addressing some of these questions will be
the major purpose of the present review.

What is NAFLD?

Association of liver steatosis, inflammation and fibrosis
has been known for several decades. It has been
documented in non-alcoholic patients following surgical
jejunoileal bypass for morbid obesity [57], in obese
patients who had not undergone weight-loss surgery [2]
and in diabetics [28]. The term non-alcoholic steatohep-
atitis (NASH) was coined by Ludwig et al. to describe
biopsy findings, including steatosis, necrosis, inflamma-
tion, Mallory bodies and fibrosis in patients, mainly obese
women, who did not drink alcohol [45]. This has brought
interest to this entity and promoted further research, but
NASH refers to necroinflammatory lesions associated
with steatosis (i.e., steatohepatitis) and only corresponds
to part of NAFLD, which is now the preferred term to
more accurately designate the much wider spectrum,
consisting of simple steatosis, steatohepatitis, cirrhosis
and hepatocellular carcinoma. Recent conferences have
also stressed the need for a consensus regarding classi-
fying, grading and staging NAFLD [53, 65].

Although the value of liver biopsy in routine practice
has been debated, essentially due to the risks and cost of
this procedure and due to the lack of effective therapy, it
is the only accurate diagnostic method, and it is essential
for grading and staging the disease and for including
patients in clinical trials [63, 65].
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Histological findings

The spectrum of pathological lesions observed in NAFLD
is hardly distinguishable from that of alcohol-induced
liver disease (Fig. 1). Differences between the two
conditions are essentially based on clinical and biochem-
ical arguments, in addition to evaluation of alcohol intake:
patients with alcoholic hepatitis are usually sicker, have
higher serum bilirubin levels, have an aspartate amino-
transferase to alanine aminotransferase ratio superior to 1
and more frequently have cirrhosis [65]. Histologically,
necroinflammatory activity and fibrosis are probably
milder, Mallory bodies rarer and glycogen nuclei more
prevalent in NAFLD [65].

Steatosis

Hepatocellular steatosis (Fig. 1) is usually macrovesicu-
lar, made of large intracytoplasmic droplets displacing the
nucleus at the cell periphery. Macrovesicular fatty change
is occasionally associated with microvesicular steatosis,
consisting of small intracytoplasmic lipid droplets leaving
the nucleus at the center of the hepatocytes (Fig. 1b).
Steatosis of varied degrees may either be diffuse within
the hepatic lobule or predominate in zone 3, around
terminal hepatic veins. Glycogen nuclei (Fig. 1b) are seen
in at least one-third of the patients [63].

Steatohepatitis

Steatohepatitis is defined by the association of steatosis
with other hepatocellular lesions, essentially necroinflam-
matory changes. Ballooned hepatocytes are enlarged, with
a clear cytoplasm, and apoptotic bodies can be noted.
Mallory bodies (Fig. 1c), consisting of intracytoplasmic
aggregates of cytokeratin intermediate filaments, are not
constantly observed, and their presence is not necessary
for the diagnosis of steatohepatitis. They may be small,
sparse and inconspicuous [63]. Eosinophilic inclusions,
corresponding on electron microscopy to abnormal giant
mitochondria with loss of cristae (Fig. 1d) and containing

paracrystalline formations [15, 66], are occasionally
observed in the cytoplasm of the hepatocytes.

Intensity of the inflammatory infiltration varies with
the severity of steatohepatitis. Inflammation is usually
mixed, made of lymphocytes and neutrophils located in
the lobule (Fig. 1e), around altered hepatocytes or in the
portal areas (Fig. 1f). The degree of stainable iron, when
present, must be indicated.

Fibrosis and cirrhosis

Extent of fibrosis is of prognostic importance. Perisinu-
soidal fibrosis is initially mild and predominates in zone
3, around terminal hepatic veins (Fig. 1g). It is then
associated with portal and periportal fibrosis with pro-
gressive formation of fibrous bridges between terminal
hepatic veins and portal areas or between adjacent portal
tracts (Fig. 1h). Cirrhosis is obtained when hepatocellular
nodules are completely surrounded by annular fibrosis.
Liver failure, portal hypertension and hepatocellular
carcinoma may then complicate the disease [13, 34, 62].
Some degree of fibrosis is found in up to two-thirds of the
patients at the time of diagnosis, whereas cirrhosis is
noted in up to 16 percent [4, 63]. In cirrhotic patients,
histological features suggestive of steatohepatitis (e.g.,
steatosis, predominance of neutrophils in the inflamma-
tory infiltrate) may have regressed or are no longer
present [4, 14, 60]. It is, thus, noteworthy that NAFLD is
more frequently considered a major cause of cryptogenic
cirrhosis [14, 58, 62, 63].

Grading and staging

Since prognosis of NAFLD depends on the severity of the
pathological findings, grading and staging the lesions
observed on liver biopsy appears necessary. Grading
evaluates the degree of steatosis and necroinflammatory
changes, whereas staging estimates the extent of fibrosis.

A system referring to NAFLD correlates certain
histological features with long-term prognosis [49]. Type
1 corresponds to simple steatosis, type 2 to steatosis with
lobular inflammation, type 3 requires the additional
presence of ballooned hepatocytes and type 4 the
existence of Mallory bodies or fibrosis [49]. Among
132 patients with a mean follow-up of 9 years, cirrhosis
occurred in 3.4 percent of types 1 and 2 patients and in
24.7 percent of types 3 and 4 patients [49].

Another method, which is limited to the classification
of NASH, has been proposed [11]. Three grades of
necroinflammatory activity, based on an overall impres-
sion of the intensity of hepatocellular and inflammatory
changes, have been defined [11]: mild (grade 1), moderate
(grade 2) and severe (grade 3). Staging reflects the pattern
and the extent of fibrosis as well as architectural
remodeling [11]: focal or extensive zone 3 perisinusoidal
fibrosis is noted in stage 1; stage 2 adds focal or extensive
periportal fibrosis; focal or extensive bridging fibrosis is

Fig. 1 Histological findings in non-alcoholic fatty liver disease. a
Simple steatosis without necroinflammatory lesions or fibrosis
(hematoxylin and eosin, �1.25). b Macrovesicular and microvesic-
ular hepatocellular steatosis, with glycogen nuclei (hematoxylin
and eosin, �40). c Mallory bodies and mild polymorphous
inflammatory infiltrate (hematoxylin and eosin, �40). d A round
eosinophilic inclusion can be seen in the cytoplasm of a hepatocyte
containing a macrovacuole of fat (Masson’s trichrome, �100); this
inclusion corresponds to an ultrastructurally abnormal mitochon-
drion (inset). e An intralobular aggregate of inflammatory cells,
essentially lymphocytes, is located near a terminal hepatic vein
(hematoxylin and eosin, �20). f Moderate portal inflammation with
portal and periportal fibrosis (hematoxylin and eosin, �10). g Mild
zone 3 perisinusoidal fibrosis, around a terminal hepatic vein
(picrosirius red and hematoxylin, �20). h Fibrous bridges between
terminal hepatic veins and portal areas (picrosirius red and
hematoxylin, �10)
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observed in stage 3; stage 4 corresponds to cirrhosis. Such
a grading and staging system is much like what is used for
chronic hepatitis C [7, 72], but intra-observer and inter-
observer variations in liver biopsy interpretation have not
been studied.

Epidemiology and conditions associated with NAFLD

NAFLD is, perhaps, one of the most common liver
disorders. It is associated with various conditions (Table 1)
and has been reported in all age groups, including
children, the highest prevalence being observed in
patients 40–49 years old [65]. Although studies published
before 1990 emphasized that NASH mostly occurred in
women, more recent publications have shown that the
disease is equally frequent in men [6, 71]. There is
increasing evidence that NAFLD essentially represents
the hepatic component of a metabolic syndrome charac-
terized by obesity, hyperinsulinemia, peripheral insulin
resistance, diabetes, hypertriglyceridemia and hyperten-
sion [46, 47].

Obesity

Obesity, defined by a body mass index superior to 30 kg/
m2, is clearly associated with NASH, but most patients
are moderately overweight [53, 65]. The likelihood of
developing NASH increases with the degree of obesity,
and resolution of a fatty liver may occur following
gradual weight loss [65]. It must be noted that obesity is
not invariably present in NASH patients, and many
patients have a normal body weight [6].

Diabetes

Type 2 diabetes is a component of the metabolic
syndrome and is associated with obesity and NAFLD
[45, 60]. Both obesity and diabetes are associated with

peripheral insulin resistance, hyperinsulinemia, increased
free fatty acid levels and hypertriglyceridemia. Recently,
the demonstration of peripheral insulin resistance, in-
creased fatty acid b-oxidation and hepatic oxidative stress
in patients, with either steatosis alone or NASH, suggests
a link between obesity, insulin resistance and NAFLD
[66].

Miscellaneous disorders

In rare disorders of lipid metabolism (e.g., abetalipopro-
teinemia) as well as in rare syndromes characterized by
severe insulin resistance (e.g., limb lipodystrophy),
NAFLD with possible advanced fibrosis and cirrhosis
may be observed [53, 59]. Other metabolic, surgical and
genetic conditions are also associated with NALFD:
jejunoileal bypass [57] or gastroplasty [31, 50] as
treatments for morbid obesity, biliopancreatic diversion,
extensive small bowel resection and prolonged total
parenteral nutrition [24], small intestinal diverticulosis
with bacterial overgrowth [63], Wilson’s disease [53] and
Weber-Christian syndrome [38].

Several drugs (e.g., amiodarone, tamoxifen, antiretro-
viral nucleoside analogues) and environmental factors
(e.g., industrial solvents) may be responsible for hepatic
lesions identical to those observed in NAFLD and
alcohol-induced liver disease [23, 53, 65]. It is of interest
that many of these conditions have in common either
abnormal fat metabolism or mitochondrial dysfunction.
Since NAFLD does not constantly occur in every patient
having one of the above mentioned disorders or being
exposed to iatrogenic agents, it is reasonable to postulate
that this liver disease results from the conjunction or the
potentiation of deleterious effects of several factors.

NAFLD and viral hepatitis C

Although steatosis and fibrosis are two of the histological
hallmarks of chronic viral hepatitis C [68], it is generally
not admitted that viral C infection should be included in
the list of causes of NAFLD. However, it is of interest
that, in chronic viral hepatitis C, steatosis seems to be
more prevalent in patients infected with the genotype 3a
virus [64] and that its degree is related to body mass index
and to progressive fibrosis [1]. Steatosis might be due to a
direct cytopathogenic effect of hepatitis C virus, since it
has been shown in transgenic mice and in cell cultures
that structural and non-structural viral proteins modify
triglyceride metabolism and induce mitochondrial alter-
ations, increasing oxidative stress [42, 54]. Steatosis
might also interfere with response to antiviral therapy in
chronic hepatitis C. Absence of steatosis is, indeed,
associated with a better response [36], whereas high body
mass index is an independent risk factor for non-response
[10].

Viral hepatitis C and NAFLD are common causes of
liver disease. It is, therefore, not surprising that they can

Table 1 Conditions associated with non-alcoholic fatty liver
disease

1. Insulin resistance
Obesity
Diabetes

2. Disorders of lipid metabolism
Hypertriglyceridemia
Abetalipoproteinemia
Hypobetalipoproteinemia
Lipodystrophy
Weber-Christian syndrome

3. Severe weight loss
Jejunoileal or gastric bypass
Starvation

4. Total parenteral nutrition
5. Latrogenic agents

Drugs: amiodarone, tamoxifen, diltiazem
Toxic exposure: industrial solvents
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coexist in the same patients. A recent report has shown
that steatohepatitis was observed in 5.5 percent of all
cases of chronic viral hepatitis C, and that among 85
patients with histological features of steatohepatitis, 54
also had hepatitis C viral infection without history of
alcohol abuse [12].

Clinical presentation, laboratory abnormalities
and radiological findings

Most patients with NAFLD are asymptomatic, and the
liver disease may be incidentally discovered during
evaluation of hypertension, diabetes or morbid obesity
[53, 65]. Hepatomegaly is the only physical finding in
most patients [4, 6, 45]. Stigmata of signs of chronic liver
disease, such as spider nevi, palmar erythema or signs of
portal hypertension, should remind that cirrhosis can
already be constituted at the time of diagnosis in up to 16
percent of the patients [4, 63] and that NAFLD is
probably a major cause of cryptogenic cirrhosis [14, 62,
63].

Mild to moderate elevation of serum aspartate or
alanine aminotransferase activities is usually the only
laboratory abnormality, and NAFLD is the most usual
cause of unexplained persistent elevation of these enzy-
matic activities, once hepatitis C and other known
etiologies of chronic liver disease have been ruled out
[65]. The ratio of aspartate aminotransferase to alanine
aminotransferase is usually less than 1, but it increases
with progression of fibrosis, leading to a loss of diagnos-
tic value in patients with cirrhosis [4, 6]. Serum alkaline
phosphatase or g-glutamyltransferase activities may be
mildly elevated. Presence of antinuclear antibodies in the
serum, the significance of which is unknown, has been
reported in 10 to 25 percent of patients [65]. It is not
surprising that 30 to 50 percent of patients with NASH
have diabetes or glucose intolerance [26, 40, 45, 75] and
that 20 to 80 percent of patients have hypertriglyceride-
mia [26, 40, 45, 60]. Other abnormalities, including
hypoalbuminemia, prolonged prothrombin time and hy-
perbilirubinemia, may be found in patients with cirrhosis.
Changes in blood iron store parameters have been noted
in approximately 10 percent of patients [5, 6, 61], but
hepatic iron levels are usually within the normal ranges
[5, 6, 49, 61]. It has been suggested that iron overload
could be associated with increased fibrosis [30]. Howev-
er, these findings have not been confirmed by other
studies [5, 19, 76]. The significance of hemochromatosis
gene mutations in the pathogenesis and progression of
NAFLD remains controversial [19, 30].

Imaging findings (i.e., increased echogenicity, low
density hepatic parenchyma on computed tomography)
reflect the presence of steatosis and are useful to detect a
space-occupying lesion that could correspond to hepato-
cellular carcinoma, occurring either on NAFLD-associat-
ed cirrhosis or on non-cirrhotic liver.

Natural history of NAFLD: from steatosis
to hepatocellular carcinoma?

As already emphasized, NAFLD is characterized by a
spectrum of pathological lesions ranging from simple
steatosis to cirrhosis and its complications, including
hepatocellular carcinoma. It is usually considered that
these lesions represent different stages in the natural
history of the disorder.

In patients with only fatty liver at the time of
diagnosis, progression to steatohepatitis with fibrosis
seems rare. In one longitudinal series of 40 patients with
only fatty liver, no instance of evolution toward fibrosis
or cirrhosis was observed after a median follow-up of
11 years [71]. Other reports also consider NAFLD a low-
grade severity disorder [40, 60]. Matteoni et al.’s findings,
which stress the importance of histologically grading
necroinflammatory activity for predicting progression
toward cirrhosis, have already been detailed [49]. As a
matter of fact, it must be pointed out that there is no
correlation between liver biopsy findings and biochemical
abnormalities. It has, indeed, been recently shown that a
low normal alanine aminotransferase value is not a
guarantee against steatohepatitis with advanced fibrosis,
since the entire spectrum of NAFLD could be seen in
individuals with normal values, and the histological
lesions did not differ whether alanine aminotransferase
levels were elevated or not [51].

In patients with NASH, multivariate analyses show
that older age, obesity and diabetes are independent
predictors of marked liver fibrosis [5]. In severely obese
patients, a raised index of insulin resistance, systemic
hypertension and elevated serum alanine aminotransfer-
ase activity have been demonstrated to be independent
predictors of NASH, whereas moderate alcohol consump-
tion seemed to reduce the risk of NAFLD, possibly by
reducing insulin resistance [27]. In obese patients with
minimal fibrosis, histological improvement may occur
following slowly achieved weight loss [65]. If weight loss
is rapid, progression of the disease may be accelerated
[3].

The precise risk of mortality in patients with NAFLD
is not known. Many factors might be implicated, includ-
ing complications and comorbidities of obesity and
diabetes and liver disease, itself. Cirrhosis independently
increases mortality [49], probably due to liver failure,
portal hypertension and hepatocellular carcinoma. Grow-
ing evidence indicates that hepatocellular carcinoma
should be considered in the natural history of progressive
NAFLD [13, 48, 52, 60], since clinical and biological
features suggestive of NASH are more frequently ob-
served in patients with hepatocellular carcinoma arising
on cryptogenic cirrhosis than in age- and sex-matched
patients with hepatocellular carcinoma arising on viral or
alcoholic cirrhosis [13]. Whether tumor development is
secondary to the metabolic abnormalities associated with
NASH or to underlying cirrhosis is not clear. Interesting-
ly, hepatocellular carcinoma may be observed in the
absence of cirrhosis in NASH patients with minimal

7



portal and periportal fibrosis [8]. In addition, the recently
published results of a large prospectively studied cohort
of American adults has demonstrated that increased body
weight, with possible NAFLD, was associated with
increased death rates for all cancers, including liver
cancers, especially in men [16].

Pathophysiology

The pathological lesions and the natural history of
NAFLD probably reflect a complex multi-factorial pro-
cess in which the genetic environment is of importance
[74], since it has yet to be understood why only steatosis
occurs in some patients whereas others develop steato-
hepatitis, cirrhosis or hepatocellular carcinoma. Insulin
resistance, abnormal metabolism of fatty acids, mito-
chondrial dysfunction and oxidative stress, dysregulation
of cytokines and production of various mediators are the
main interacting factors implicated in the pathophysiol-
ogy of NAFLD. A recent study has shown that 4 genes
contributing to impaired insulin sensitivity were overex-
pressed in the livers of patients with NAFLD, whereas 12
genes important for maintaining mitochondrial function
were underexpressed [70].

Insulin resistance, fatty acids and steatosis

Hepatocellular steatosis (i.e., cytoplasmic accumulation
of lipids, mostly triglycerides) results from fatty acid
metabolism disturbance in the liver that is secondary to
insulin resistance (Fig. 2). In obese and diabetic patients,
there is an increase of plasmatic free fatty acid levels, due
to an abnormal release by insulin-resistant adipocytes
[69]. This, in conjunction with increased hepatic synthesis

of free fatty acids due to high glucose and insulin levels,
contributes to an increase of their intrahepatocellular
pool, which is in equilibrium with expanded hepatic
triglyceride pool. Steatosis, thus, occurs and is further
aggravated by: (a) impairment of triglyceride export into
the space of Disse, possibly because of apolipoprotein B-
100 decreased synthesis [18] and inhibition of microso-
mal triglyceride transfer protein [44] and (b) insufficient
compensation of the expanded free fatty acid pool by
increased free fatty acid mitochondrial b-oxidation [66].

Whereas steatosis remains the only liver lesion in
many patients with NAFLD, some silently develop
necroinflammation and progressive fibrosis. The reasons
for the possible deleterious effects of steatosis are not
completely understood, but the presence of oxidizable
lipids in hepatocytes could trigger lipid peroxidation,
mitochondrial dysfunction, oxidative stress and cytokine
production [56].

Mitochondrial dysfunction, oxidative stress
and cytokine production

Normal hepatocytes produce large amounts of reactive
oxygen species (ROS), which are mainly formed in
mitochondria and also formed by microsomal cytochrome
P450 [56]. When there is steatosis, ROS can oxidize the
unsaturated lipids of fat deposits (Fig. 3) and, thus, induce
lipid peroxidation, which has been demonstrated in
animal models as well as in patients with NASH [43,
56, 66].

Lipid peroxidation releases reactive aldehydes that
damage mitochondrial DNA, which encodes some of the
respiratory chain polypeptides [56]. Lipid peroxidation
products also are able to directly inactivate respiratory
chain polypeptides [56]. These two inhibitory effects,
added to those induced by an increase of production of
dicarboxylic acids (formed by microsomal w-oxidation of

Fig. 2 Pathophysiological mechanism of hepatocellular steatosis in
obese and diabetic patients. Increased intracellular free fatty acid
(FFA) pool due to increased plasmatic FFA levels, increased FFA
synthesis and insufficient FFA b-oxidation, is in equilibrium with
an increased triglyceride pool further expanded by impaired
triglyceride export

Fig. 3 Reactive oxygen species (ROS) produced in hepatocytes
oxidize unsaturated lipids of fat deposits (steatosis) and, thus,
induce lipid peroxidation, which causes mitochondrial dysfunction.
Reactive oxygen species can also directly damage mitochondrial
DNA, trigger synthesis of several cytokines such as tumor necrosis
factor a (TNF-a), which may alter mitochondria. They can induce
depletion of antioxidants, which enhances lipid peroxidation
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free fatty acids), result in marked impairment of the flow
of electrons (Fig. 4) in the respiratory chain [56] and
might explain decreased recovery from hepatic adenosine
triphosphate depletion in patients with NASH after
fructose infusion [22]. The observation of ultrastructural
mitochondrial lesions in patients with NASH (Fig. 1d)
could be the morphological counterpart of these meta-
bolic abnormalities [15, 66]. Since free fatty acid
mitochondrial b-oxidation, which generates electrons that
are transferred to the respiratory chain, is increased [66],
there is an imbalance between input and outflow of
electrons in the respiratory chain, and mitochondrial ROS
formation is enhanced [56]. This increased ROS produc-
tion has additional effects (Fig. 3) that aggravate this
vicious circle. Reactive oxygen species further increase
lipid peroxidation, can directly damage mitochondrial
DNA and trigger synthesis of several cytokines [39, 73],
including tumor necrosis factor a (TNF-a), which may
alter mitochondria [56]. They might be implicated in
increased Fas-mediated hepatocellular apoptosis in pa-
tients with NASH [29]. Finally, they can induce a
depletion of antioxidants, such as vitamin E, but the
results of vitamin E supplementation in patients with
NASH are controversial [32, 39].

In patients receiving drugs known to be responsible for
NASH (e.g., amiodarone, tamoxifen), production of ROS
could even be greater (Fig. 4), since agents as amiodarone
have been shown to directly hamper electron flow in rat
hepatocytes [9]. In patients with jejunoileal bypass or
under total parenteral nutrition (Fig. 5), bacterial over-
growth in excluded intestine releases endotoxins that
stimulate ROS and TNF-a synthesis by Kupffer cells [56,
73], which are enlarged and form centrilobular aggregates
in patients with NASH [41]. TNF-a then acts on
hepatocytes to damage mitochondria and increase ROS
formation [56]. Such drugs and toxins are examples of a
“second hit” necessary to be added to steatosis (i.e., the
“first hit”) to explain evolution toward steatohepatitis
[25].

Do pathophysiological mechanisms explain
the histopathological lesions of NAFLD?

In summary, many of the lesions observed in the
histopathological spectrum of NAFLD are probably
explained by the complex network of pathophysiological
mechanisms. Fat accumulated within the liver may
remain without associated necroinflammatory damage in
many patients over a long period of time [71]. In some
patients, additional events, essentially represented by the
deleterious effects of ROS (Fig. 6), are responsible for
progression to steatohepatitis, fibrosis and cirrhosis.

Indeed, lipid peroxidation releases reactive aldehydes,
such as malondialdehyde and 4-hydroxynonenal [56], and
ROS increase the expression of numerous cytokines,
including TNF-a, Fas ligand, transforming growth factor-
b (TGF-b) and interleukin-8 [56, 73]. Both lipid perox-
idation products and cytokines seem to be responsible for
the histopathological lesions observed in NASH:

Fig. 4 Impairment of the flow of electrons (e�) in the respiratory
chain, and increased formation of reactive oxygen species (ROS).
Role of lipid peroxidation products, dicarboxylic acids and
iatrogenic agents such as amiodarone, tamoxifen or industrial
solvents Fig. 5 Mechanism of formation of reactive oxygen species (ROS)

in jejunoileal bypass and total parenteral nutrition. TNF-a tumor
necrosis factor a

Fig. 6 The effects of reactive oxygen species (ROS) explain many
of the histological findings in steatohepatitis and fibrosis. Leptin
has also a profibrogenic action. TGF-b transforming growth factor-
b, TNF-a tumor necrosis factor a, IL-8 interleukin 8, FasL Fas
ligand
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– TNF-a and Fas ligand trigger apoptosis by permeabi-
lizing mitochondrial membranes

– TGF-b stimulates transglutaminase, which allows
polymerization of cytokeratins to form Mallory bodies

– Interleukin-8 and 4-hydroxynonenal are chemoattrac-
tive for neutrophils

– TGF-b activates perisinusoidal stellate cells, and lipid
peroxidation products increase their production of
collagen, thus, leading to perisinusoidal fibrosis and
cirrhosis; in addition, hyperleptinemia, a common
finding in obese patients, might promote profibrogenic
responses in the liver, in part by upregulating TGF-b
[33, 35, 67]

As far as hepatocellular carcinoma is concerned,
several clinical studies strongly suggest that it should be
considered within the NAFLD spectrum [13, 48, 52, 60],
but mechanisms of carcinogenesis in this context have not
been studied, and it is, indeed, unclear whether this tumor
is related to NASH-related cirrhosis or to metabolic
disturbances associated with NAFLD.

Management

Management of NAFLD should take into account the
pathophysiological mechanisms that are implicated, the
natural history of the disease and the safety and cost of the
therapeutic options [53, 65]. Resolution of histological
abnormalities, as determined by liver biopsy, should
remain the gold standard for treatment outcomes. Until
now, there are no published controlled trials of treatment
modalities in NAFLD. Management is, therefore, directed
toward correction of risk factors, and treatments try to
correct putative pathophysiological abnormalities. Exer-
cise and diet are essential, and weight must be controlled.
Insulin resistance must be improved by antidiabetic/
insulin sensitizing agents, and hyperlipidemia must be
treated. Drugs with potential hepatoprotective effects,
antioxydants agents and iron reduction therapy may be
used [53, 65].

Whether alcohol intake should be prohibited is not
clearly established. In the absence of formal data, the
pragmatic recommendation is abstinence if significant
fibrosis is present [53]. The concomitant use of drugs that
may induce steatohepatitis (e.g., amiodarone, tamoxifen)
requires weighing of risks and benefits [53]. An interest-
ing unresolved issue is the problem of occupational
exposure to industrial solvents and their harmful effects
on the liver [23, 53].

Since NAFLD is probably a major cause of crypto-
genic cirrhosis, many patients have likely been trans-
planted for such an indication. Both recurrence and de
novo occurrence of NASH have been reported after
surgery [21, 37]. Fatty liver constantly recurs within
5 years, but progression to steatohepatitis with fibrosis is
very rare, and clinical outcome is similar to that of other
groups of patients undergoing transplantation [21].
NAFLD may also develop in patients receiving a graft

for indications other than cryptogenic cirrhosis, i.e.,
alcoholic cirrhosis, primary biliary cirrhosis and primary
sclerosing cholangitis [21]. Fatty liver is noted in 25
percent of such patients within 5 years, and there is no
instance of progression to fibrosis [21]. The occurrence of
NAFLD following transplantation may be related, in part,
to weight gain and also to immunosuppression with
corticosteroids and cyclosporine [17, 21, 55].

Conclusion

NAFLD is a major cause of liver-related morbidity in
Western countries, with possible progression to cirrhosis,
liver failure and hepatocellular carcinoma. Liver biopsy
remains the best procedure to provide diagnostic and
prognostic information. Since insulin resistance and
oxidative stress play a major role in its pathogenesis,
NAFLD should be searched for in overweight and
diabetic patients. Management is usually aimed at reduc-
ing weight and treating associated disorders, but the role
of specific pharmacological agents remains to be estab-
lished. Considering the surge of obesity in developed
areas of the world, is NAFLD the liver disease of the
future?
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Abstract Five cases of mucoepidermoid carcinoma
(MEC) of the breast are reported. All patients were
women ranging in age from 29 years to 80 years. As
histological grading is one of the most important prog-
nostic factors in breast invasive carcinomas, MEC was
graded using the Auclair et al. [1] grading system specific
for MEC of salivary glands and the Elston and Ellis [4]
grading method, a widely employed grading system in
breast cancer. It was found that the two different grading
systems appear to be interchangeable in assessing the
grade of MEC of the breast. Accordingly, three cases
were regarded low grade (G. 1), one intermediate (G. 2)
and one high grade (G. 3). The cases were studied with
immunohistochemistry and were found to have the same
keratin pattern shown by their salivary gland counterpart.
It was found that there are more similarities than
differences between MEC of the breast and of salivary
glands.

Keywords Mucoepidermoid carcinoma · Breast ·
Salivary glands

Introduction

Salivary gland-like tumours of the breast share histolog-
ical features with their salivary counterpart. Among these,
tumours showing pure myoepithelial or combined epi-
myoepithelial differentiation, i.e. adenomyoepithelioma,
malignant myoepithelioma, pleomorphic adenoma, ade-
noid cystic carcinoma and syringoid tumours, even if rare,
are well-known breast lesions. A second group of salivary
gland-like lesions of the breast devoid of myoepithelial
differentiation includes mucoepidermoid carcinoma and
entities such as acinic cell carcinoma and oncocytic
carcinoma [8].

Mucoepidermoid carcinoma (MEC) of the breast is
similar to its salivary counterpart, which is composed of
basaloid, intermediate, epidermoid and mucinous cells.
Since the work of Patchefsky et al. [16], less than 20 cases
of breast MEC have been reported, mostly as single case
reports [2, 5, 9, 10, 12, 13, 14, 15, 17, 19].

Here five new cases of MEC are described and
diagnostic criteria and clinical-pathological correlation
are discussed. Immunohistochemical findings were also
studied in order to establish similarities or differences
with salivary gland MEC.

Materials and methods

Five cases of MEC retrieved from the consultation files of one of us
(VE) constitute the basis of the present study. Selected blocks were
serially cut in four cases and stained with haematoxylin-eosin and
alcian blue (AB) (pH 2.5) and periodic acid-Schiff (PAS) after
diastase digestion. The block for case 2 was not obtained and,
therefore, no immunoistochemistry was done in this case. For
immunohistochemistry, a routine avidin-biotin complex (ABC)
method was used [3]. Before immunostaining, sections were
steamed in citrate buffer for 25 min and cooled for 5 min to
retrieve different epitopes. Cytokeratin 7 antigen retrieval was
performed with enzymatic digestion: slides were prewarmed in
water bath for 5–10 min in phosphate-buffered saline (PBS) 1� at
37�C followed by a water bath with protease XIV (sigma 0.05%) in
PBS 1� for 6 min at 37 C. Source and dilutions of the antisera used
are listed in Table 1. The tumours were graded according to Auclair
et al. [1], which is a specific grading system for MEC of salivary

L. Di Tommaso · M. P. Foschini · T. Ragazzini · E. Magrini ·
V. Eusebi ())
Dipartimento di Scienze Oncologiche,
Sezione di Anatomia Patologica,
Universit� di Bologna, Ospedale Bellaria,
Via Altura 3, 40139 Bologna, Italy
e-mail: vincenzo.eusebi@ausl.bo.it
Fax: +39-05-16225759

A. Fornelli
Anatomic Pathology,
Ospedale Maggiore,
Bologna, Italy

I. O. Ellis
Department of Histopathology,
City Hospital NHS Trust,
Nottingham, United Kingdom



glands. The Elston and Ellis [4] grading method for breast
carcinoma was also used for comparison.

Results

Clinical findings

Clinical data are summarised in Table 2. All patients were
female with ages ranging from 29 years to 80 years (mean
51 years). In two cases, the lesion presented as a well-
circumscribed nodule (cases 1 and 2). In two cases (cases
3 and 4), the lesion was cystic with nipple discharge, and,
in the remaining case (case 5), a malignant lesion was
suspected. A quadrantectomy followed by lymph-node
dissection was performed in the latter case, while the
remaining four patients underwent only surgical excision
of the lump. In two cases (cases 3 and 4), the patients
were additionally treated with quadrantectomy followed
by lymph-node dissection after the diagnosis of breast
cancer.

Follow-up information was available in all cases:
patients were alive and well without evidence of recurrent
disease after a period ranging from 3 months to 90 months
(mean 26 months).

Morphological findings

Morphological features are summarised in Table 3. At
scanning magnification, all cases presented as nodular
lesions. Four cases had lesional pushing margins delim-
ited by a fibrous pseudo-capsule where lymphocytes and
plasma cells were often visible (Fig. 1A, B). Case 5, on
the contrary, showed stellate margins. The lesions were
constituted by neoplastic solid nests and cystic spaces
sometimes filled with mucoid material. The cysts consti-
tuted more than 50% of the tumour in two cases (cases 1
and 3) (Fig. 2), less than 10% of the tumour in cases 2 and
4, while case 5 was predominantly solid (Fig. 7). In
addition, cases 1, 3 and 4 were characterised by the
presence of intralesional dilated ducts filled with a
neoplastic solid polypoid proliferation that, similarly to
the rest of the tumour, contained small cysts (Fig. 4A).
Small foci of well-differentiated ductal carcinoma in situ
(DCIS) [11] were also present (Fig. 4B).

At high power, the tumours were composed by various
proportion of basaloid, intermediate, epidermoid and
mucinous cells in different cases, similarly to what is
seen in MEC of salivary glands (Fig. 5A). Basaloid cells
were small in size and oval in shape; they had oval nuclei
with dark, coarse chromatin and appeared mostly numer-
ous at the periphery of neoplastic nests (Fig. 3). Interme-
diate cells were larger than basaloid cells, had
eosinophilic cytoplasm and oval nuclei with small
nucleoli (Fig. 5B). Epidermoid cells were twice the size
of intermediate cells, had polygonal shape, eosinophilic

Table 2 Clinical features of the
present series. LCQ lower cen-
tral quadrant, UOQ upper outer
quadrant

Case Sex/age (years) Clinical presentation Site Size (cm)

1 Female/80 Well circumscribed nodule Unknown, left 0.5
2 Female/29 Nodule LCQ, left 0.8
3 Female/54 Cystic lesion with nipple discharge Retroareolar, left 1.5
4 Female/55 Cystic lesion with nipple discharge Retroareolar, left 0.6
5 Female/36 Suspicious of malignancy UOQ, left 1.1

Table 1 Antisera employed for
immunoistochemistry. ED en-
zymatic digestion, PC pressure
cooking

Antibody Source Dilution and clone Antigen retrieval

Cytokeratin 7 Dako 1:100 (OV-TL 12/30) ED
Cytokeratin 14 Biogenex 1:100 (LL002) PC
Anti-mitochondrial Biogenex 1:100 (113-1) /
Smooth muscle actin Dako 1:100 (1A4) /
Calponin Biogenex 1:60 (CALP) PC
p63 Neomarkers 1:200 (4A4) /
E-cadherin Zymed 1:1000 (HECD-1) PC

Table 3 Pathological features of the present series. Au grading according to Auclair et al. [1]. L low, In intermediate, H high, El-El
grading according to Elston & Ellis [4], AW alive and well, FU follow-up, HPF high-power field

Case Border Cysts Cellular
atypia

Mitoses Necrosis Nerve
invasion

Nuclear
grade

Histological
grade

FU (months)

1 Circumscribed 50% No 0/10 HPF No No 1 Au: L, El-El: 1 5:AW
2 Circumscribed 10% No 1/10 HPF No No 1 Au: L, El-El: 1 90:AW
3 Circumscribed 50% No 3/10 HPF No No 1 Au: L, El-El: 1 13:AW
4 Circumscribed 10% Mild 4/10 HPF No No 2 Au: In, El-El: 2 3:AW
5 Stellate No Severe 7/10 HPF Yes Yes 3 Au: H, El-El: 3 18:AW
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Fig. 1 A Case 1: cystic mucoepidermoid carcinoma appears in the
contest of a phylloides tumour. B Case 3: the tumours are
circumscribed by a thick fibrous pseudo capsule and a rim of
lymphocytes and plasma cells

Fig. 2 Case 3: large cysts filled with solid proliferation of
neoplastic cells

Fig. 3 Case 2: glandular spaces filled with mucoid material.
Basaloid cells are small in size and appear located at the periphery
of neoplastic sheets

Fig. 4 A Case 3: intralesional dilatated ducts filled with neoplastic
solid polypoid proliferation. B Case 1: the in situ lesion contains
necrotic debris and superficially simulates a poorly differentiated
ductal carcinoma in situ
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Fig. 5 A Case 1: columnar mucinous cells were seen intermingled
with intermediate and epidermoid clear cells. B Case 3: small cystic
spaces filled with mucin are visible in the context of intermediate
and epidermoid cells

Fig. 6 Case 3: cysts were mainly filled by periodic acid-Schiff-
positive mucoid material

Fig. 7 Case 5: severe nuclear pleomorphism and prominent
nucleoli are visible

Fig. 8 Case 1: cytokeratin 7 mainly stains cells bordering glandular
spaces; intermediate cells are also decorated

Fig. 9 Case 4: cytokeratin 14 mainly stains basaloid cells and
scattered intermediate cells
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cytoplasm with well-defined cytoplasmic borders and
round to oval nucleus. Epidermoid cells constituted the
greatest component of the neoplastic nests. Cystic spaces
were mainly lined by flat cells. The latter were devoid of
cytoplasmic vacuoles, but their cytoplasm stained either
with AB or PAS. The mucoid material that filled the cysts
was also positive for PAS (Fig. 6), while the glycocalyx
of the luminal cells was stained by AB. In case 1, the
cystic lumina contained necrotic debris. On the contrary,
dilated ducts were devoid of mucin. Rare columnar
mucinous elements with basally located nuclei and
cytoplasm, reminiscent of intestinal goblet cells, were
seen bordering the cysts in one case (case 1) (Fig. 5A).

Mitoses were absent in one case (case 1) and were
infrequent in two cases [1/10 high-power field (HPF) case
2 and 3/10 HPF case 3]. Case 4 showed a moderate
number of mitoses (4/10 HPF) with mild cytological
atypia. Case 5 showed numerous mitoses (7/10 HPF) and
severe cytological atypia (Fig. 7). In this same case,
confluent areas of necrosis were seen, as well as nerve
invasion, while no necrotic areas nor nerve invasion were
seen in the other cases.

Each single cell type presented a characteristic cyto-
keratin (CK) profile (Table 4). CK 7 was mainly observed
in the cells composing the central part of the neoplastic
nests and in the cells lining glandular and cystic spaces
(Fig. 8). On the contrary, CK 14 predominated in cells
located in the outer layers of the neoplastic nests where
basaloid cells are seen (Fig. 9). In addition, most of the
cells were highlighted by anti-mitochondrion antibody in
two cases (cases 3 and 4) (Fig. 10). Both basaloid and
intermediate cells were positive for p63, while smooth
muscle actin (SMA) and calponin (CALP) were negative
in all tumour cells. SMA, CALP and p63 were positive in
the myoepithelial layer outlining the in situ lesions seen in
cases 1, 3 and 4.

Case 1 arose at the periphery of a benign phylloid
tumour (Fig. 1A), while, in the remaining cases, the
surrounding parenchyma was normal. When the tumours
were graded according to Auclair et al. [1], cases 1 to 3
appeared low grade, case 4 intermediate, and case 5 was
regarded a high grade. Three cases (cases 1, 2, 3) were
grade 1, one (case 4) grade 2 and one (case 5) grade 3,
according to Elston and Ellis [4].

Discussion

MEC of salivary glands as defined by Foote et al. [6] is a
malignant epithelial tumour composed of varying propor-
tions of basaloid, intermediate, squamous and mucinous
cells at the same time. If the criteria proposed by these
authors are applied in a stringent fashion, only rare breast
tumours published in the English literature can be
accepted as primary MEC of the breast (Table 5, Table 6).
Patchefsky et al. [16] reported two cases of well-
differentiated MEC of the breast, showing gross and
microscopic features similar to their salivary gland
analogue. Five additional cases of low-grade MEC of
the breast showing cyst formation were reported by Fisher
et al. [5]. The case reported by Tjalma et al. [19] recurred
as a high-grade MEC after 32 months, but the patient was
alive after 12 years. The spectrum of MEC slightly
enlarges if high-grade lesions are considered (Table 6).
High-grade MEC appears histologically ill-defined, even
in salivary glands, as described in the paper by Foote et al.
[6]. Malignant MEC were considered those tumours
showing rare mucous producing cells and “traits not
substantially different from those ordinarily present in
epidermoid and squamous carcinomas...basal cell epithe-
lioma...highly cellular transitional cell carcinoma”. The
lack of specific criteria is probably responsible for the fact
that Fisher et al. [5] have not found a single case of high-
grade MEC out of their series of 1665 consecutive

Table 4 Immunohistochemical
profiles of different cell types

Antibody Basaloid Intermediate Epidermoid Mucinous*

Cytokeratin 7 0/4 3/4 4/4 4/4
Cytokeratin 14 4/4 3/4 0/4 0/4
Mitochondria 2/4 2/4 2/4 0/4
Smooth muscle actin 0/3 0/3 0/3 0/3
Calponin 0/3 0/3 0/3 0/3
p63 3/3 3/3 0/3 0/3
E-cadherin 2/2 2/2 2/2 2/2

* Columnar mucinous cells were observed only in case 1 and were positive for cytokeratin 7

Fig. 10 Case 4: antimitochondrion antibody stains numerous cells
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invasive breast carcinoma. Tavassoli [18] used inter-
changeably the terms MEC and adenosquamous carcino-
ma of the breast. Finally, those occasional cases reported
as high-grade MEC of the breast in the literature
constitute a very heterogeneous group of tumours. In all
these cases, a squamous pleomorphic carcinoma was
intermingled with adenocarcinomatous proliferation and
mucous-producing cells and probably are invasive tu-
mours with different lineages of differentiation, difficult
to locate in the group of MEC.

The cases of MEC here reported, showing cystic to
solid features, were composed of various types of cells
reminiscent of basaloid, intermediate, squamous and
mucinous cells, seen in MEC of salivary glands. In
addition, the staining pattern of CK 7 positive cells
located in the central part of the neoplastic nests and of
CK 14 cells predominantly located in the outer layers of
neoplastic nests recapitulate the zoning phenomenon
described in MEC of salivary glands by Foschini et al.

[7]. This pattern of CK staining is unique and shared by
both mammary and salivary gland MEC and is very useful
to establish the correct diagnosis of MEC. This is mostly
pertinent in high-grade MEC, as in the present case 5. In
the absence of this very distinct pattern, the diagnosis of
high-grade MEC can be very problematic.

With the Auclair et al. [1] grading system, three cases
appeared low grade, one intermediate and one high grade.
The Elston and Ellis grading system led to four grade-1,
one grade-2 and one grade-3 lesions. Therefore, it appears
that, in this respect, both grading systems are equivalent
and, therefore, the indication given by Elston and Ellis [4]
to grade all invasive carcinomas is very pertinent in MEC.

The breast, the major salivary glands and the skin
adnexae are tubulo-acinar structures derived from embry-
onic ectoderm. The common origin probably explains
similar morphological features shared by some of their
tumours.

Table 5 Review of the literature. F female, LOQ lower outer quadrant, UOQ upper outer quadrant, UIQ upper internal quadrant, NS not
stated, AW alive and well, FU follow-up

Low-grade mucoepidermoid carcinoma

Case Age
(years)/sex

Site and size Lymph-node
metastasis

Distant
metastasis

Treatment FU (months)

Patchefsky et al. [16] 66/Female LOQ, right; 1.3 cm 0/20 0 Radical mastectomy 94:�
Patchefsky et al. [16] 70/Female UOQ, right; 5 cm NS 0 Quadrantectomy 10:AW
Fisher et al. [5] 65/Female Right, 2 cm NS 0 Lumpectomy 60:AW
Fisher et al. [5] 71/Female Left; 2 cm 0/19 0 Modified radical

mastectomy
48:AW

Fisher et al. [5] 57/Female Right; 2.5 cm 0/11 0 Modified radical
mastectomy

120:AW

Fisher et al. [5] 49/Female Right; 3.7 cm 0/13 0 Radical mastectomy 108:AW
Fisher et al. [5] 60/Female Left; 4 cm NS 0 Simple mastectomy 48:�
Hanna et al. [9] 51/Female Left; 2 cm 0 0 Modified radical

mastectomy
8:AW

Tjalma et al. [19] 58/Female UOQ, right; 3.5 cm 1/17 0 Radical mastectomy 16: local recurrence;
32: re-recurrence as
high grade tumour,
156:AW

� Died for other cause

Table 6 Review of the literature. F female, LOQ lower outer quadrant, UOQ upper outer quadrant, UIQ upper internal quadrant, NS not
stated, AW alive and well, DOD died of disease, FU follow-up

“High-grade” mucoepidermoid carcinoma

Case Age
(years)/Sex

Site and size Lymph-node
metastasis

Distant
metastasis

Treatment FU
(months)

Kovi et al. [12] 46/Female Retroareolar,
left; 9 cm

17/19 NS Modified radical mastectomy NS

Hastrup and Sehested [10] 59/Female Left; 1 cm 0/4 Lung, bone,
liver

Modified radical mastectomy 26:DOD

Leong and Williams [13] 57/Female Left; 3,5 cm 0/20 Bone, lung Simple mastectomy 6:DOD
Luchtrath and Moll [14] 60/Female NS; 5 cm 12/18 Bone Radical mastectomy 30:DOD
Pettinato et al. [17] 72/Female Right; 7 cm 16/19 Lung Modified radical mastectomy 10:DOD
Markopoulos et al. [15] 40/Female UIQ, right;

2 cm
0 0 Wide local excision+lymph

node dissection
60:AW

Berry et al. [2] 51/Female Left ; 3.5 cm
mass

0 0 Radical mastectomy NS

Hanna et al. [9] 31/Female NS 2/18 0 Modified radical mastectomy 14:AW
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Breast and salivary gland MEC are very similar, but
not superimposable, lesions. Associated DCIS that were
seen in three of the present cases are not recorded in
salivary glands. In addition, mitochondrion-rich neoplas-
tic cells are more numerous in MEC of salivary glands
than in breast.

All patients were alive and well without evidence of
recurrence or distant metastasis. Admittedly, the follow-
up of the present series is short; nevertheless, MEC of the
breast do not seem to be aggressive lesions, as none of the
cases of well-differentiated MEC in the literature gave
birth to metastases or led to the death of the patients. On
the contrary, high-grade MEC have led to the death of
patients in no fewer than four cases out of six patients for
which follow-up is available.
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Abstract Invasive ductal carcinomas (IDCs) of the breast
are composed of stroma-invasive tumors and tumors in
vessels. The purpose of this study was to prospectively
investigate whether the histological characteristics of the
tumors in vessels were more significantly associated with
the outcome of 393 IDC patients than well-known
histological parameters. Multivariate analyses showed
greater than six apoptotic figures in tumor cells in lymph
vessels to be significantly associated with increased
hazard rates (HRs) of tumor recurrence and death in
IDC patients without nodal metastasis (P<0.05). Among
IDC patients with nodal metastasis whose tumors were
positive for estrogen receptors (ERs) or progesterone
receptors (PRs) or both, greater than six apoptotic figures
in tumor cells in lymph vessels and greater than four
mitotic figures in tumor cells in lymph vessels signifi-
cantly increased the HR of tumor recurrence and the HR
of death, respectively (P<0.05). Among IDC patients with
nodal metastases whose tumors were negative for ERs
and PRs, multivariate analyses showed that greater than
two apoptotic figures in the blood vessel tumor emboli
significantly increased the HRs of tumor recurrence and
death (P<0.005). We conclude that apoptotic figures and
mitotic figures in tumor cells in vessels are very important
prognostic indicators for patients with IDC of the breast.

Keywords Apoptosis · Mitosis · Lymph vessel · Blood
vessel · Breast cancer

Introduction

Invasive ductal carcinomas (IDCs) of the breast are
composed of primary invasive tumor cells, non-invasive
tumor cells, and tumor stroma. Some invasive tumor cells
are capable of invading lymph vessels and blood vessels,
and they are most likely responsible for the lymph-node
metastasis and distant organ metastasis that are the most
important prognostic indicators for IDC patients.

Recently, we have clearly demonstrated that number of
apoptotic and mitotic figures in tumor cells in lymph and
blood vessels are more significantly associated with
tumor recurrence or death of IDC patients than the
number or quantity of tumor cells in lymph and blood
vessels [9, 10]. This strongly suggests that the histological
characteristics of tumor cells in blood vessels as well as in
lymph vessels play important roles in tumor progression
of IDCs.

The purpose of this study was to prospectively
investigate the histological characteristics of the tumors
in lymph and blood vessels together that were signifi-
cantly associated with the outcome of IDC patients
according to nodal metastasis, estrogen receptor (ER), and
progesterone receptor (PR) status, as we had separately
evaluated the prognostic significance of the histological
characteristics of the tumor cells in lymph vessels and
blood vessels in IDCs in previous studies [9, 10]. The
results showed that apoptotic and mitotic figures in
tumors in lymph and blood vessels had a significant effect
on the prognosis of IDC patients independent of nodal
status or ER/PR status.

Materials and methods

Consecutive cases (n=393) of IDC of the breast (the same series as
in a previous study) [9] surgically treated between July 1992 and
November 1998 at the National Cancer Center Hospital East served
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as the subject of this study. Clinical information was obtained from
the patients’ medical records after complete histological examina-
tion of all IDCs. All patients were Japanese women, and they
ranged in age from 28 years to 78 years old (mean, 51 years). All
had a solitary lesion. Of patients, 210 were premenopausal, and 183
were postmenopausal. Partial mastectomy had been performed in
55, modified radical mastectomy in 314, and standard radical
mastectomy in 24. Axillary lymph-node dissection consisting of
levels I, II, and €III was carried out in all patients. None of the
patients had received radiotherapy or chemotherapy before surgery,
but 290 patients had received adjuvant therapy. Of the 188 IDC
patients without nodal metastasis, 88 had not received adjuvant
therapy, 24 had received tamoxifen, 45 had received cyclophos-
phamide, methotrexate, and 5-FU, adriamycin and cyclophospha-
mide, or epirubicin and cyclophosphamide, and 31 had received
chemotherapy plus tamoxifen. Of the 205 IDC patients with nodal
metastases, 15 had not received adjuvant therapy, 34 had received
tamoxifen, 51 had received chemotherapy, and 105 had received
chemotherapy plus tamoxifen. There were no cases of inflamma-
tory breast cancer in this series. All tumors were classified
according to the pathological TNM (pTNM) classification [16].
ERs and PRs in the cytosol fractions were determined by enzyme
immunoassay (Otsuka Assay Laboratory, Tokushima, Japan). The
upper cutoff values of the ER and PR assays were 13 fmol/mg
protein and 10 fmol/mg protein, respectively.

For pathological examination, the surgically resected specimens
were fixed in 10% formalin overnight at 4�C, and multiple
histological sections were taken from each tumor in order to
measure the maximum tumor diameter and area. The sections were
processed routinely and embedded in paraffin.

The following parameters of primary invasive tumor cells were
examined, and the following cutoff values were established in
previous studies [9, 10] based on univariate analyses using the Cox
proportional hazard regression model [2]: (1) invasive tumor size
(�20 mm versus >20 mm), (2) structural features (papillary/
cribriform/solid versus strand), (3) nuclear atypia (mild/moderate
versus severe), (4) number of mitotic figures (�6 versus >6), (5)
number of apoptotic figures (�16 versus >16), (6) tumor necrosis
(absent versus present) [5], (7) fibrotic focus (FF) dimension (tumor
recurrence, absent/�8 mm versus >8 mm; tumor death, absent/
�17 mm versus >17 mm) [6, 7, 8], (8) maximum distance of
adipose tissue invasion from the tumor margin (�2 mm versus
>2 mm), and (9) histological grade [3]. The number of tumor cell
mitotic figures at the most advanced edge of the tumor was counted
in ten high-power fields by the routinely used method [3], and the
highest count in the ten fields was used for comparison with the
number of mitotic figures in the tumor cells in the vessels. The
mitotic figures in the tumor cells in the vessels were counted in the
same manner, and the count field containing the greatest number of
tumor cell apoptotic figures was used [11]. We did not use the
indices, such as per/1000 tumor cells, for the assessments of mitotic
and apoptotic figures, as it is difficult for pathologists to use such
indices to evaluate mitotic and apoptotic figures in IDCs in routine
examinations.

Based on the criteria used to identify lymph vessels [9, 14], in
this study we defined “lymph vessel invasion by tumor cells” as
tumor cell nests in vessels lined by endothelium with no supporting
smooth muscle or elastica (Fig. 1A), and lymph vessels invaded
were observed in 209 of 393 cases in this study. We evaluated
lymph vessel invasion at or beyond the border of the stroma-
invasive tumor area in order to distinguish lymph vessel invasion
from the artifactual spaces that often form around nests of tumor
cells. The following parameters of tumor cells in lymph vessels
were examined with their cutoff values established in the previous
studies [9] on the basis of the univariate analyses using the Cox
proportional hazard regression model [2]: (1) number of lymph
vessels invaded (absent/�5 versus >5), (2) maximum dimension of
tumor emboli (absent/�2.25 mm versus >2.25 mm), (3) maximum
distance of tumor emboli from the primary-invasive tumor margin
(absent/�3 mm versus >3 mm), (4) structural features (absent/
papillary/cribriform/solid versus strand), (5) nuclear atypia (absent/
mild/moderate versus severe), (6) number of mitotic figures

Fig. 1 Lymphatic vessel invasion by invasive ductal carcinoma
cells. A Ductal carcinoma cells in lymph vessels. The spaces
around the clump of tumor cells are lined with endothelium and
filled with lymph fluid. B Carcinoma cells within lymph vessel
exhibiting many apoptotic figures. C Carcinoma cells in lymph
vessel exhibiting two mitotic figures (arrows)
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(absent/�4 versus >4) (Fig. 1B), and (7) number of apoptotic
figures (absent/�6 versus >6) (Fig. 1B).

We defined tumor cell nests in vessels lined by endothelium
with supporting smooth muscle or elastica as “blood vessel
invasion by tumor cells” [10, 14] and examined all tumor areas
in order to evaluate the presence of blood vessels invaded by the
tumor cells. Blood vessels invaded were observed in 237 of 393
cases in this study. Since intraductal carcinomas within stroma-
invasive tumors often have depositions of elastic fibers around their
ducts, blood vessel invasion was diagnosed with confidence only
when tumors were demonstrated within one or both of a pair of
vessels, as demonstrated by the elastic fiber stain (Fig. 2A, B, and
Fig. 3A, B). Furthermore, we found that all IDC ducts have a zonal
space between the external duct epithelium and duct elastic fibers
(Fig. 4A, B) and that zonal spaces still exist between the outer
surfaces of intra-ductal carcinoma nests and duct elastic depositions
(Fig. 4C, D). Kato et al. [12] and Farahmand and Cowan [4] have
already indicated the presence of a zonal space-like space between
the external duct epithelium and duct elastic fibers. Blood vessels
had no zonal space within their wall, as fine to coarse elastic fibers
blending with smooth muscle fibers in their smooth muscle layers
were observed. Thus, this finding was very useful for distinguishing
intraductal carcinoma nests from blood vessel tumor emboli.
However, since it was somewhat difficult to differentiate blood
vessel tumor emboli from the following status, we omitted the
blood vessel tumor emboli-like foci from the count of blood vessel
tumor emboli: (1) when several intraductal carcinoma components

were present in the areas surrounding blood vessel tumor emboli-
like foci; (2) when blood vessel tumor emboli-like foci surrounded
by elastic fibers are present within a fibrotic center in primary-
invasive tumors; and (3) when blood vessel tumor emboli-like foci
not surrounded by elastic fibers exist within one or both of a pair of
vessels.

Fig. 2 Blood vessel invasion by invasive ductal carcinoma cells. A
The round nest can be seen to be accompanied by one artery. B The
nest surrounded by elastic fibers is recognizable as blood vessels
being invaded by tumor cells. There is no zonal space between the
outside of the carcinoma nest and the elastic fibers of the blood
vessel

Fig. 3 Blood vessel invasion by invasive ductal carcinoma cells. A,
B The large oval and elongated ductal carcinoma nest is observed
next to a large artery. The nest surrounded by elastic fibers is
recognizable as blood vessel tumor emboli. There is no zonal space
between the outside of the carcinoma nest and the elastic fibers of
the blood vessel. C Many apoptotic tumor cells are observed within
the blood vessel tumor emboli (lower area), and two mitotic figures
are also observed in the tumor cells (arrowheads)
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The following parameters of tumor cells in blood vessels were
examined with the cutoff values established in the previous studies
[10]based on the univariate analyses using the Cox proportional
hazard regression model [2]: (1) number of blood vessels invaded
(absent/�2 versus >2), (2) maximum dimension of tumor emboli
(absent/�2 mm versus >2 mm), (3) nuclear atypia (mild/moderate
versus severe), (4) number of mitotic figures (absent/�2 versus >2,
Fig. 3C), (5) number of apoptotic figures (absent/�2 versus >2,
Fig. 3C), and (6) fibrosis grade in blood vessel tumor emboli (none/
mild/moderate versus severe).

The numbers of mitotic and apoptotic figures in tumor cells in
vessels were assessed in the vessels within ten high-power fields,
and the one high-power field out of the ten high-power fields that
shows the vessel tumor emboli that have the highest counts was
used for comparison with the number of mitotic and apoptotic
figures in the primary invasive tumor cells. In cases with small
numbers of tumor emboli, mitotic and apoptotic figures were
counted in less than ten high-power fields, and the one high-power
field with tumor emboli that have the highest counts within the one
high-power field was used for comparison with the number of
mitotic and apoptotic figures in the primary invasive tumor cells.
Since all tumor cells in blood vessels had formed a solid nest, this
structural feature of tumor cells in blood vessels was excluded in
the present study. The dimension of the largest tumor embolus in
vessels and the distance between lymph vessel tumor emboli and
the stroma-invasive tumor margin were measured with a micro-
scope equipped with a �10 eyepiece counting a graticule.

One author (T.H.) assessed all characteristics of the primary
invasive tumors and tumors in vessels, and another author (A.O.)

identified the characteristics of IDCs to confirm tumor cell
characteristics in the tumor components examined by T.H.
Whenever there was a discrepancy, both authors re-examined the
slides to reach a consensus.

Patient survival was evaluated by follow-up for a median period
of 65 months as of November 2001. Among the patients as a whole,
95 developed tumor recurrence, 64 experienced distant organ
metastasis, and 45 had died of their disease. Metastasis or local
recurrence was considered evidence of tumor relapse, and only
deaths due to breast cancer were considered for the purposes of this
study. Distant organ metastasis was detected in bone (30 cases),
liver (17 cases), lung (17 cases), and brain (4 cases).

We used Spearman’s correlation coefficient test to analyze the
correlations between numbers of mitotic figures and apoptotic
figures in the same tumor component in primary invasive tumors,
tumor cells in lymph vessels, and tumor cells in blood vessels in
147 IDCs with invasion of lymph vessels and blood vessels.

We prospectively analyzed the predictive power of the histo-
logical characteristics of the tumor cells in vessels and of primary
invasive tumor cells for tumor recurrence and death in the
following groups without knowledge of patient outcomes: (1) a
lymph-node-negative IDC group, (2) a group with IDC positive for
ERs, PRs, or both and with nodal metastasis, and (3) a group of
IDCs negative for ERs and PRs both with nodal metastasis by
multivariate analysis employing the Cox proportional hazard
regression model [2] and the step-down method, until all remaining
factors were significant at a P value below 0.05. The multivariate
analyses for IDCs without nodal metastasis were adjusted for age
(�39 years versus >39 years), adjuvant therapy (not given versus

Fig. 4 Duct without carcinoma nest and duct filled with ductal
carcinoma. A, B The duct is surrounded by elastic fibers, and there
is a zonal space between the external ductal epithelium and elastic

fibers (arrowheads). C, D Duct filled with intraductal carcinoma
cells has a zonal space between the outside of the carcinoma nest
and the elastic fibers of the duct (arrowheads)
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given) and ER and PR expression (negative versus either positive/
both positive), and the multivariate analyses for IDCs with nodal
metastases were adjusted for age, adjuvant therapy and nodal status
(�3 versus >3). All analyses were performed with Statistica/
Windows software (StatSoft, Tulsa, Oklahoma).

Results

Mean mitotic and apoptotic figures values

The highest mean numbers of mitotic and apoptotic
figures in IDC were observed in the primary invasive
tumors (Table 1). There was a significant correlation
between the number of tumor cell mitotic figures and the
number of tumor cell apoptotic figures in the same tumor
components.

Multivariate analyses for parameters significantly
associated with tumor recurrence and death in patients
with lymph node-negative IDC

IDCs with lymph vessel tumor emboli containing greater
than six apoptotic figures significantly increased the HRs
of tumor recurrence and death in the multivariate analyses
(Table 2). IDCs with a FF greater than 8 mm in dimension
significantly increased the HR of tumor recurrence in the
multivariate analyses. IDCs with negative ER/PR status
significantly increased the HR of tumor death in the
multivariate analyses.

Multivariate analyses for parameters significantly
associated with tumor recurrence and death in IDCs
positive for ERs, PRs, or both with lymph-node
metastases

Four or more nodal metastases significantly increased the
HRs of tumor recurrence and death on the multivariate
analyses (Table 3). Mitotic figures greater than six in
primary invasive tumor cells, apoptotic figures greater
than six in tumor cells in lymph vessels, and the presence
of skin invasion significantly increased the HRs of tumor
recurrence. Histological grade 3 and mitotic figures
greater than four in tumor cells in lymph vessels were
significantly associated with increased HRs of tumor
death in the multivariate analyses.

Multivariate analyses for parameters significantly
associated with tumor progression in IDCs negative
for both ERs and PRs with lymph-node metastases

Apoptotic figures greater than two in tumor cells in blood
vessels was the only parameter that significantly in-
creased the HRs of both tumor recurrence and death in the
multivariate analyses (Table 4). Six or more lymph
vessels invaded significantly increased the HR of tumor
recurrence in the multivariate analysis. The presence of
tumor necrosis significantly increased the HR of tumor
death in the multivariate analyses.

Table 2 Multivariate analyses for tumor recurrence and death in
invasive ductal carcinomas without nodal metastasis (n=188). TRR
tumor recurrence rate, MR mortality rate, HR hazard rate, CI
confidence interval, Fibrotic focus� fibrotic focus absent, ER
estrogen receptor, PR progesterone receptor, ER/PR+ either or both

positive, ER/PR� both negative. The multivariate analyses for TRR
and MR were performed by employing the Cox proportional hazard
regression model. The step-down method was used until all the
remaining parameters were significant at a P level below 0.05 in the
multivariate analysis

Parameters Cases TRR (%) HR/95% CI/P value MR (%) HR/95% CI/P value

Number of apoptotic figures in lymph-vessel tumor emboli

�6 177 21 (12) Referent 5 (3) Referent
>6 11 5 (45) 4.4/1.7–12.0/0.003 4 (36) 11/2.9–41.8/0.018

Fibrotic focus

�/�8 mm 146 12 (8) Referent
>8 mm 42 14 (33) 4.6/2.1–10.0/<0.001

ER/PR status

� 67 8 (12) Referent
+ 121 1 (1) 0.1/0.01–0.7/<0.001

Table 1 Mean values and stan-
dard deviations of numbers of
mitotic and apoptotic figures in
each tumor component of inva-
sive ductal carcinomas with
lymph vessels and blood vessels
invaded (n=147). The Spear-
man’s correlations between mi-
totic figures (MF) and apoptotic
figures (AF) of tumor cells in
the same tumor component

Number of MFs Number of AFs R, P values
Mean€SD Mean€SD

Primary invasive tumors 5.0€3.9 14.5€22.7 0.52, <0.001
Lymph-vessel tumor emboli 1.7€2.7 8.4€16.4 0.69, <0.001
Blood vessel tumor emboli 1.8€2.5 7.6€19.4 0.69, <0.001
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Discussion

In the previous studies, the numbers of apoptotic figures
and mitotic figures in tumor cells in the lymph and blood
vessels were independent prognostic characteristics for
IDC patients without nodal metastasis [9, 10]. In this
study, the number of apoptotic figures in tumor cells in
lymph vessels was the only histological characteristic
significantly predicting tumor recurrence and death in
IDCs without nodal metastasis in the multivariate anal-
ysis. Thus, we conclude that the number of apoptotic
figures in tumor cells in the lymph vessels is the best
histological characteristic of tumor cells in the vessels to
accurately predict tumor recurrence or death of IDC
patients without nodal metastasis.

The previous studies clearly showed that the number of
mitotic figures of tumor cells in the lymph and blood
vessels, the number of apoptotic figures of tumor cells in
the lymph and blood vessels, and the number of lymph
vessels invaded are significant prognostic histological
characteristics for tumor recurrence or death of IDC
patients with nodal metastases [9, 10]. Among these
characteristics of IDC patients with nodal metastasis, the
number of apoptotic figures of tumor cells in blood
vessels was the only prognostic characteristic accurately
predicting tumor recurrence and death of IDC patients
negative for both ER and PR. Thus, we conclude that the
number of apoptotic figures of tumor cells in the blood
vessels is the best prognostic vessel tumor characteristic
for IDC patients with nodal metastasis and negative for

Table 3 Multivariate analyses for tumor recurrence and death in
invasive ductal carcinomas positive for estrogen receptors (ERs),
progesterone receptors (PRs), or both with lymph-node metastasis
(n=130). TRR tumor recurrence rate, MR mortality rate, HR hazard
rate, CI confidence interval, ER/PR+ either or both positive, ER/

PR� both negative. The multivariate analyses for TRR and MR
were performed by employing the Cox proportional hazard
regression model. The step-down method was used until all the
remaining parameters were significant at a P level below 0.05 in
the multivariate analysis

Parameters Cases TRR (%) HR/95% CI/P value MR (%) HR/95% CI/P value

Lymph-node metastasis

�3 64 6 (9) Referent 2 (3) Referent
>3 66 26 (39) 4.3/1.7–10.7/0.002 10 (15) 7.0/1.4–33.4/0.016

Number of mitotic figures in primary-invasive tumor cells

�6 104 18 (17) Referent
>6 26 14 (54) 4.8/1.6–10.0/<0.001

Number of apoptotic figures in lymph-vessel tumor emboli

�6 103 19 (18) Referent
>6 27 13 (48) 2.9/1.4–5.9/0.005

Skin invasion

Absent 100 20 (20) Referent
Present 30 12 (40) 2.1/1.0–4.4/0.044

Histological grade

1 and 2 86 2 (2) Referent
3 44 10 (23) 8.7/1.8–41.6/0.007

Number of mitotic figures in lymph-vessel tumor emboli

�4 120 8 (7) Referent
>4 10 4 (40) 4.6/1.3–16.2/0.018

Table 4 Multivariate analyses for tumor recurrence and death in
IDCs negative for both estrogen receptors (ERs) and progesterone
receptors (PRs) and with lymph-node metastases (n=75). TRR
tumor recurrence rate, MR mortality rate, HR hazard rate, CI
confidence interval, ER/PR+ either or both positive, ER/PR� both

negative. The multivariate analyses for TRR and MR were
performed by employing the Cox proportional hazard regression
model. The step-down method was used until all the remaining
parameters were significant at a P level below 0.05 in the
multivariate analysis

Parameters Cases TRR (%) HR/95% CI/P-value MR (%) HR/95% CI/P-value

Number of apoptotic figures in blood vessel tumor emboli

�2 45 16 (36) Referent 7 (16) Referent
>2 35 23 (77) 2.5/1.3–4.9/0.007 17 (57) 6.3/2.6–15.7/<0.001

Number of lymph vessels invaded

�5 38 12 (32) Referent
>5 37 27 (73) 2.4/1.2–5.0/0.016

Tumor necrosis

Absent 53 13 (25) Referent
Present 22 11 (50) 3.8/1.6–9.0/0.002
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both ERs and PRs. Although no significant prognostic
characteristics common to tumor recurrence and death
were observed, we were able to accurately predict
outcomes in IDC patients with nodal metastasis and
positive for ERs, PRs, or both by evaluating the numbers
of apoptotic and mitotic figures of tumor cells in the
lymph vessels.

Apoptotic and mitotic figures of tumor cells in lymph
and blood vessels had better predictive prognostic power
than the numbers of lymph vessels or blood vessels
showing invasion. This strongly suggests that metastatic
IDC nests in other organs seeded via lymph and blood
vessels cannot be established solely on the basis of large
numbers of lymph and blood vessels being invaded or
large quantities of tumor cells being present in the lymph
and blood vessels. The numbers of apoptotic and mitotic
figures in tumor cells in lymph and blood vessels
probably reflects the characteristics of the individual
tumor cells. The two counts in tumor cells in lymph and
blood vessels were significantly correlated with each
other, and, in this study, highly apoptotic or mitotic tumor
cells in lymph and blood vessels had greater prognostic
predictive power than primary invasive tumors. Based on
these findings, tumor cells with a high turnover rate in
lymph or blood vessels probably have a greater ability to
form metastatic foci in lymph nodes or distant organs than
primary invasive tumor cells with a high turnover rate,
and they are, therefore, probably responsible for the lethal
effect in IDC patients. M�hes et al. frequently observed
apoptotic tumor cells in peripheral blood samples of
breast cancer patients and stated that determining the
extent to which circulating apoptotic tumor cells con-
tribute to the clinical findings of breast cancer patients
would be of prognostic value [13]. Since the circulating
apoptotic tumor cells in IDCs most likely originate from
tumor cells that invaded the blood or lymph vessels
within primary invasive tumors, the results of the current
study probably provide the information M�hes wished to
obtain.

In this study, we assessed lymph vessel tumor emboli
and blood vessel tumor emboli only by hematoxylin-eosin
(HE) staining and elastica staining, respectively. HE and
elastica stainings in combination with immunostaining,
e.g., for vascular endothelial growth factor-C [15],
vascular endothelial growth factor receptor-3 [17],
podoplanin [1], Factor VIII, CD31, CD34, or actin, may
enable more accurate identification of the presence of
lymph and blood vessel tumor emboli than HE or elastica
staining alone. However, Kato et al. clearly demonstrated
that the assessment of blood vessel tumor emboli by
elastica staining has a power to accurately predict the
outcome of IDC patients superior to the combined
assessment of elastica staining and immunostaining
[12]. In addition, the assessments of lymph and blood
vessel tumor emboli by HE and elastica staining in this
study clearly demonstrated significant associations with
the outcome of IDC patients, and, in routine examina-
tions, these staining methods could not be performed in
all IDCs. We, therefore, conclude that the criteria used in

this study to assess lymph and blood vessel invasion by
HE and elastica staining are very useful as a means of
accurately determining whether tumor emboli are present
in lymph vessels and blood vessels.

In conclusion, this study clearly demonstrated a
significant role of apoptotic and mitotic figures in tumor
cells in lymph and blood vessels in the tumor progression
of IDCs of the breast. Next, we will attempt to identify
unknown factors that accelerate the tumor cell life cycle
in lymph and blood vessel tumor emboli as well as the
lethal functions of highly proliferative and apoptotic
tumor cells in lymph and blood vessels. This information
should provide valuable insight into tumor progression
via the vessel system.
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Abstract To investigate the frequency and mechanism of
the peritumoral inflammatory reaction in chondroblasto-
ma, we evaluated the relationship between clinicoradio-
logical findings and immunohistochemical expression of
cyclooxygenase-2 (COX-2) in excised tumors. Twenty-
one cases of chondroblastoma were studied. Imaging
analysis was performed with radiographs and T1- and T2-
weighted magnetic resonance images in all cases and with
computed tomography scan and bone scintigraphy in
some cases. Immunohistochemical study for COX-2 was
carried out using formalin-fixed paraffin-embedded tis-
sues. Periosteal reaction was observed in 6 cases (29%)
and bone marrow edema in 15 cases (71%). Soft-tissue
edema, joint effusion, and synovitis were found in 10
cases (48%), in 7 cases (33%), and in 9 cases (43%),
respectively. Immunohistochemical expression of COX-2

in chondroblastoma cells was found in 15 of 21 cases
(71%). The intensity of COX-2 immunoreactivity was
correlated statistically with the presence of periosteal
reaction, bone-marrow edema, soft-tissue edema, and
synovitis. Our results indicate that activation of eicosa-
noid synthesis by COX-2 expression in the tumor itself is
probably an important factor, inducing peritumoral
inflammatory changes in chondroblastomas.

Keywords Chondroblastoma · Cyclooxygenase-2 ·
Immunohistochemistry · Inflammation · Radiographs ·
CT · MRI

Introduction

Chondroblastoma is a relatively rare benign cartilage
tumor, representing approximately 1% of all primary
bone tumors [7, 21]. It most frequently occurs in the
second decade of life and arises in the epiphysis or
apophysis of long tubular bone, especially of the proximal
and distal femur, proximal tibia, and proximal humerus.
Chondroblastoma is typically a well-demarcated lytic
lesion with or without calcification on radiographs.

In some chondroblastoma cases, synovitis and inflam-
matory reactions around the tumor may be found, and
these findings are well demonstrated by different imaging
modalities, including magnetic resonance imaging (MRI).
MRI is a sensitive imaging modality for demonstrating
these inflammatory reactions; thus, MRI may lead to
overestimation of the aggressiveness and extent of the
tumor. Knowledge of the potential pitfalls may help to
avoid misplaced reliance on MRI for benign bone tumor
diagnosis [12]. Some chondroblastoma tissues contain
high levels of prostaglandins (PGs), which are considered
to play an important role in the development of a
peritumoral inflammatory reaction revealed by imaging
studies [25]. PGs are produced from phospholipids via
arachidonic acid metabolism by cyclooxygenase-2 (COX-
2). Thus, we sought to examine the expression of COX-2
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in chondroblastoma tissue and to evaluate the relationship
between COX-2 expression and the inflammatory reac-
tion of the peritumoral tissues in chondroblastomas.

Materials and methods

Tumor samples

We retrieved 21 cases of chondroblastoma from the files of
Division Surgical Pathology, Tokyo Medical University Hospital;
Department of Pathology, Teikyo University School of Medicine;
and Department of Pathology, The University of Tokyo Hospital.
Treatment was curettage in all but two of these cases, and it was en-
block excision in these two cases. The histopathological diagnosis
of each tumor was re-confirmed by two of the authors (T. Is. and T.
Im.) according to the criteria described in the bone tumor textbooks
[7, 21].

Clinical and imaging studies

Clinical symptoms were evaluated for signs and symptoms of local
inflammation, including the presence of local pain, swelling,
limitation in range of motion in the adjacent joint, and muscle
atrophy of affected limb. In all cases, plain radiographs and T1- and
T2-weighted MRI were available for review. Tomogram, computed
tomography (CT) scan, and bone scintigram were also examined in
some cases. MRI was obtained using either a 0.5- or 1.5-T unit
prior to surgery. MRI techniques, however, were not tightly
controlled because of the different scanners available at the
different institutes examined in this study. A range of spin-echo
pulse sequences was obtained for T1- and T2-weighted images.
Gadolinium-labeled diethylene triamine pentaacetate (Gd-DTPA)-
enhanced T1-weighted images were obtained in 15 cases. The
presence of a periosteal reaction was evaluated by radiographs,
tomograms, and CT scans. Bone-marrow edema, soft-tissue swell-
ing and edema, joint effusion, and synovitis were evaluated on
MRI. Bone marrow demonstrating lower signal intensity than
normal marrow intensity on T1-weighed images as well as high
signal intensity on T2-weighed images was considered positive for
intramedullary bone-marrow edema [19, 22]. For joint effusion,
accumulation of joint fluid that is clearly demonstrated in the joint
space adjacent to the tumor as high signal intensity on T2-weighed
images was considered a positive finding. Synovitis and soft-tissue
swelling and edema were defined as tissue swelling with high
signal intensity on T2-weighted images or on Gd-DTPA-enhanced
T1-weighted images [1, 9].

Histological and immunohistochemical studies

Tumor tissues were fixed in 10% formalin and embedded in
paraffin. Histological sections were cut at 3 mm thickness and
stained with hematoxylin and eosin. Immunohistochemical study
was carried out by the labeled streptavidin biotin (LSAB) method
using LSAB kit (Dako, Capinteria, CA). Polyclonal antibody for
COX-2 (IBL; Fujioka, Japan, dilution 1:50) was used for primary
antibody. Deparaffinized sections were incubated in methanol with
0.3% hydrogen peroxide to eliminate endogenous peroxidase
activity. Antigen retrieval method was applied with autoclaving
at 110�C for 10 min in 10 mM citrate buffer (pH 6.0). Colorectal
adenocarcinoma tissue known to express COX-2 was used as a
positive control. As the negative control, the primary antibody was
replaced with Tris-NaCl buffer. The results of immunoreactivity
were divided into four grades according to the number of positive
cells, i.e., negative staining (0–9%), 0; weak staining (10–29%), 1+;
moderate staining (30–49%), 2+; strong staining (50%>), 3+. In
three cases, the synovial tissue adjacent to the tumor was also
examined histologically and immunohistochemically. Immunohis-
tochemical evaluation in 20 cases of giant cell tumor (GCT) (14

male and 6 female, age range 20–75 years, mean age 33 years) of
bone in the epiphysis of the long bones (location as follows:
proximal tibia, 7 cases; distal femur, 6 cases; distal radius, 3 cases;
proximal humerus, 2 cases; sacrum and acetabulum, 1 case each)
other than two cases was performed in comparison with chondro-
blastomas.

Statistical analysis

Correlation between the grading of COX-2 expression and inflam-
matory reactions was tested by the Spearman’s correlation coef-
ficient by rank test. Statistical significance was defined as P<0.05.

Results

In the 21 cases examined (7 male and 14 female; age
range 11–35 years), the location of the tumor was the
proximal femur (7 cases), distal femur (3 cases), proximal
humerus (7 cases), proximal tibia (2 cases), and acetab-
ulum and calcaneus (1 case each). Although local pain
was a common complaint, details of pain relief from
NSAIDs were unknown.

Clinical symptoms and radiological features

Clinical data are summarized in Table 1. Symptoms
considered indicative of inflammation were observed.
Local pain and limitation in range of motion in the
affected joint were observed in 20 (95%) and 15 (71%)
cases, respectively. Muscle atrophy of affected limb was
recognized in 10 cases (48%), which had a substantial
impairment of movement caused by pain. In preoperative
laboratory data, a slight increase of white blood cells was
seen in only one case. C-reactive protein was within
normal limits in all cases.

Imaging findings of tumors studied were all well-
circumscribed radiolucent lesion with a sclerotic rim
(Fig. 1, Fig. 2). Calcification, punctuated or flocculant,
was found in 12 cases (57%). Cystic changes demonstra-
ted by MRI were found in 12 cases (57%). Interruption of
the cortex was noted on CT scan in 10 cases (48%).

On plain radiograph, a periosteal reaction was ob-
served in 6 cases (29%). The affected anatomical
locations of these periosteal reaction-positive cases were
all long tubular bone. Specifically, the location of the
tumor in 4 of 6 cases was the proximal humerus. The
femur and tibia were the site of the lesion in one case
each. In 5 cases, a distinctive layered-type periosteal
reaction along the diametaphyeal shaft distant from the
tumor was recognized. In the remaining 1 case, remark-
able periosteal reaction of solid buttressing type was seen
along the proximal shaft of the humerus (Fig. 1). Bone-
marrow edema was revealed in 15 cases (71%). The
extent of edema varied from slight to prominent, and
tended to localize to marrow space distant from original
tumors (Fig. 1B, C, D, Fig. 2A, B). Soft-tissue edema was
revealed, extending to peritumoral muscles in 10 cases
(48%) and was seen in 5 of the 7 cases affecting in the
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proximal humerus. Joint effusion had various patterns
from slight to extreme in 7 cases (33%) and was seen in 3
of the 5 cases affecting in the femoral head (Fig. 2A, B).
Synovitis was found in only 9 cases (43%) (Fig. 2A, B).

Immunohistochemical study

The histology of the tumors demonstrated findings typical
of chondroblastoma, with sheet-like proliferation of
round-shaped chondroblasts and foci of chondroid matrix

Fig. 1 A A plain radiograph of the humerus shows a well-
circumscribed calcified tumor of the epiphysis with conspicuous
periosteal reaction of solid buttressing type along the diametaphy-
seal shaft far from the tumor (case no. 8). B Coronal T1-weighted
magnetic resonance (MR) image [repetition time (TR)/echo time
(TE): 450/25] reveals a protruding tumor showing intermediate to
low signal intensity. Bone-marrow edema is also identified as a
longitudinal area of low signal intensity descending into the
diaphyseal shaft. C Coronal T2-weighted MR image (TR/TE: 3000/

100) reveals a low signal intensity tumor and bone-marrow edema
showing high signal intensity. D Gadolinium-labeled diethylene
triamine pentaacetate-enhanced T1-weighted image reveals bone-
marrow edema as an area of high signal intensity and soft-tissue
edema in the rotator cuff and deltoid muscle around the tumor. E
Bone scintigram shows intense uptake in the proximal humerus and
also less intense uptake along the lateral shaft far beyond the tumor
itself
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production associated with occasional chicken-wire cal-
cification and scattered osteoclast-like giant cells
(Fig. 3A). These findings were observed in all cases in
most areas, or at least within the focal area of tumors
studied. Synovial tissue studied in three cases showed
reactive synovitis with hyperemia, edema, and lympho-
plasmacytic infiltration (Fig. 3B).

The results of immunohistochemical study are sum-
marized in Table 1. Of 21 tumors, 15 (71%) were positive
for COX-2 (Fig. 3C, D). The staining intensity was
unequivocally positive among all COX-2-positive cases.
In contrast, three samples of synovial tissue of the
affected joint and all 20 GCT did not express COX-2. In
15 COX-2-positive cases, 7 cases showed only weak
staining (1+), but 3 cases showed moderate staining (2+).
In the remaining 5 cases, multiple foci of COX-2-positive
tumor cells were observed, and they were classified as
strong staining (3+). The expression of COX-2 was found
in both areas of cellular sheet of tumor cells and tumor
cells embedded in the chondroid matrix. There was no

change of staining property among chondroblasts and
cells within the cartilage matrix. Osteoclast-like giant
cells were consistently negative for COX-2. There was no
correlation of histological features (mitotic activity,
apoptosis, tumor vessel formation, and tumor size) except
inflammatory reactions and COX-2 expression.

Statistical analysis

The grading of COX-2 immunoreactivity was correlated
with the presence of periosteal reaction (P=0.035), bone-
marrow edema (P<0.01), soft-tissue edema (P=0.037),
and synovitis (P=0.015).

Discussion

In general, radiological images correspond well with the
aggressiveness of bone tumors. Radiographically, non-
aggressive tumors showed bland-looking appearances
without periosteal reaction, cortical violation, and adja-
cent tissue inflammation. These entities usually contain
benign tumors and tumor-like lesions. However, aggres-
sive lesions, such as malignant bone tumors, some
osteomyelitis, and eosinophilic granuloma, induce tissue
reactions adjacent to the lesions. These reactions include a
periosteal reaction, bone-marrow and soft-tissue edema,
synovial fluid accumulation, and soft-tissue swelling. In
some benign tumors, however, these prominent tissue
reactions, which are normally associated with aggressive
or malignant bone lesions, have been described [12].
Osteoid osteoma is a typical example of such a benign
tumor [17, 18]. Recent imaging advances, especially
MRI, have revealed that other benign tumors, e.g.,
chondroblastomas, demonstrate tissue reactions around
them[3, 12, 16, 23, 25].

In general, chondroblastoma shows a well-circum-
scribed radiolucent lesion with or without calcification
and sclerotic rim. In addition to these findings, inflam-
matory responses, including periosteal reaction, bone-
marrow and soft-tissue edema, and synovitis, have been
described in some chondroblastomas by plain film or
MRI. A thick-solid or layered-type periosteal reaction
distant from the lesion itself has been found in 20–90% of
cases of chondroblastoma on radiography or MRI [2, 3, 4,
8, 12, 13, 15, 16, 23, 25]. Bone-marrow edema extending
to the circumference of the tumor is observed in 82–92%
of cases on MRI, and soft-tissue edema is also found in
58–82% of cases [15, 16, 23]. Approximately 30% of
cases are associated with joint effusion as demonstrated
by MRI [15, 16, 25]. In our study, the frequency of
inflammatory reaction was similar to previously reported
data. Periosteal reaction was noted in 29%, bone-marrow
edema in 71%, soft-tissue edema in 48%, joint effusion in
33%, and synovitis in 43% of cases examined. Therefore,
the frequencies of inflammatory reactions found in
chondroblastoma cases appear to be consistent across
institutions.

Fig. 2 A Coronal T1- weighted image (TR/TE: 500/17) reveals a
well-demarcated tumor with isointensity and bone-marrow edema
showing low signal intensity in the intertrochanteric area (case no.
18). B Coronal T2-weighted image (TR/TE: 3000/96) reveals bone-
marrow edema with high signal intensity in the corresponding area
of T1-weighted image and obvious joint effusion (large arrows)
and synovitis (small arrows) in affected side. The tumor shows low
signal intensity
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The mechanism of inflammatory reactions that are
sometimes observed in benign bone tumors remains
unclear. Recent studies suggest, however, that high levels
of PGs within the lesion, such as osteoid osteoma and
chondroblastoma, may play an important role for the
development or maintenance of inflammatory reactions
[5, 10, 11, 24, 26].

COX is the essential regulatory enzyme of the
eicosanoid biosynthetic pathway and catalyzes the con-
version of arachidonic acid into PGG2 and PGH2. PGH2
is subsequently converted into various eicosanoids in-
cluding PGE2, PGF2a, PGI2, and the like. COX has two
different isoforms, COX-1 and COX-2, derived from
distinct genes, respectively. COX-1 is constitutively
expressed and mediates many of the housekeeping
functions of COX in nearly all tissues under basal
conditions [6]. Conversely, COX-2 is inducible and is
considered to be a key mediator of inflammation via the
eicosanoid biosynthetic pathway.

In osteoid osteomas, PGs are thought to be responsible
for inflammatory reactions around the nidus and for
nocturnal pain that is characteristically relieved by non-
steroidal anti-inflammatory drugs (NSAIDs). Osteoblastic

tumor cells within the osteoid osteoma nidus have shown
diffuse immunoreactivity for COX-2 [17, 18, 20]. Bone-
marrow edema around the lesion detected by MRI is
greatly reduced or eliminated after surgical removal of the
nidus [18]. Taken together, these data suggest that COX-2
expression in osteoid osteoma cells may play a major role
in activating the eicosanoid biosynthetic pathway leading
to bone-marrow edema and other inflammatory reactions
found in osteoid osteoma cases.

In our study, immunohistochemical expression of
COX-2 in chondroblastoma cells was found in 15 of 21
cases (71%). Osteoclastic giant cells and synovial tissue
and osteoblasts around the lesion were all negative for
COX-2. Bone-marrow edema was observed in 14 of 15
COX-2-positive cases; however, only 1 case was ob-
served in which COX-2 staining was negative and bone-
marrow edema was present. COX-2 expression is seen in
all periosteal reaction-, joint effusion-, synovitis-, and
soft-tissue edema-positive cases. No cases were seen with
negative COX-2 staining that were positive for periosteal
reaction, joint effusion, synovitis, or soft-tissue edema.
These observations indicate that COX-2 expression in
tumor tissue and inflammatory reactions are closely

Fig. 3 A Histology of the tumor shows sheet-like proliferation of
chondroblasts and chondroid matrix production (case no. 18)
(hematoxylin and eosin, �100). B Histology of synovium shows
reactive synovitis with edema, hyperemia, and lymph follicle (case

no. 21) (hematoxylin and eosin, �50). C–D Immunohistochemical
staining for cyclooxygenase-2 (COX-2). C The tumor cells are
diffusely positive for COX-2 in (3+) case (case no. 8) (�100). D
COX-2 expression is seen in (1+) case (case no. 2) (�100)
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related and are statistically significant. In addition, a
small COX-2-positive chondroblastoma (case no.13) was
also associated with these inflammatory reactions [14].
Conversely, in relatively large, COX-2-negative chon-
droblastomas, the inflammatory reactions are not found.
Thus, it appears that the most important factor for
inducing inflammatory reactions in chondroblastoma is
COX-2 expression in the lesion itself, most likely via
activation of eicosanoid biosynthetic pathway. The study
of PG concentration in chondroblastoma is limited;
however, Wold et al. demonstrated that one chondroblas-
toma tumor sample contained increased levels of PGE2
relative to the adjacent bone [24]. Another study reported
by Yamamura et al. showed higher levels of PGs in eight
cases of chondroblastoma than that of other cartilage
tumors and GCT [26].

In osteoid osteoma, diffuse intense immunoreactivity
for COX-2 was found in osteoblastic tumor cells [17, 18,
20]. COX-2 immunoreactivity in chondroblastomas was
less intense than in typical cases of osteoid osteoma [14].
Among chondroblastoma cases, intensity of COX-2
expression may also correlate with the intensity of
peritumoral inflammatory reactions, but does not corre-
late with tumor size.

Bone-marrow edema is more frequently seen than
other peritumoral inflammatory changes. This could be
related to the fact that bone marrow is adjacent to the
tumor and that MRI is a very sensitive imaging modality.
The periosteum, synovium, and joint cavity are not close
to the tumor itself; therefore, the concentration of PGs in
these tissues is likely lower than within the bone marrow
immediately surrounding the lesion. In addition, plain
radiography and CT are less sensitive imaging modalities
for the detection of periosteal reaction.

GCT is an aggressive tumor that generally occurs in
the epiphysis like chondroblastoma. Despite histological
similarities, these two entities must be distinguished
because of their radically different biological behavior.
Although local aggressiveness is frequently observed in
giant cell tumor, peritumoral inflammatory changes have
not been noted in giant cell tumor. Interestingly, all 20
cases of giant cell tumor studied show neither COX-2
immunoreactivity nor inflammatory reactions. Thus,
peritumoral inflammatory reactions are not related to
tumor histology, size, location, and aggressiveness, but
are related to COX-2 expression in the tumor tissue.

In summary, there is the possibility that increased
COX-2 expression is only an associated finding with
inflammation; nevertheless, our study suggests that COX-
2 expression is likely an important factor for inducing
peritumoral inflammatory changes in chondroblastomas.
The same mechanism, activation of eicosanoid biosyn-
thetic pathway by COX-2 within the tumor, functions in
these secondary inflammatory reactions, such as bone-
marrow edema and periosteal reaction both in the
chondroblastoma and osteoid osteoma.
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Abstract Little is known about the role of the M cells of
human nasopharyngeal lymphoid tissue in the sampling of
viruses that cause respiratory infections. To clarify
whether M cells could function as a gateway for influenza
virus into human nasopharyngeal lymphoid tissue, ex-
cised adenoid tissue was incubated in media containing
influenza A virus for 30, 60, and 90 min, respectively.
Transmission electron microscopic observation revealed
that many influenza viruses adhered to M cell surfaces
and were taken up into the cytoplasmic vesicles of M cells
after 30 min incubation; the viruses had been transported
into enfolded lymphoid cells after 60 min incubation. By
staining M cells with Sambucus nigra lectin, which
specifically recognizes the NeuAca2,6 Gal linkage of
sialoprotein, it was also found that abundant receptors for
the human influenza virus are present on the M cell
surface. Our findings indicated that M cells of human
nasopharyngeal tonsils function as a major port for
influenza A virus entry and that the virus could be
efficiently transferred to enfolded macrophages and
lymphoid cells by M cells. The transport of influenza
viruses to lymphoid cells by M cells may promote antigen
delivery to the immune system, and these findings may be
important for systemic delivery of those influenza viruses
that have the capacity to productively infect cells outside
of the respiratory tract.

Keywords M cell · Influenza A virus · NALT · Lectin ·
Electron microscopy

Introduction

Human influenza viruses cause highly acute respiratory
diseases and are occasionally implicated in worldwide
pandemics. The primary site of viral infection is the upper
respiratory tract, with secondary involvement of the lungs
[18]. Antiviral IgA antibodies appear in the upper
respiratory tract after primary infection with the influenza
virus [19]. The nasal mucosa is the first site of contact
with any inhaled viruses. However, little is known about
the role of the M cells of human nasopharyngeal
lymphoid tissue (NALT) in the sampling of influenza
virus.

In humans, the collection of oropharyngeal tissue and
NALT is called a Waldeyer’s ring. The palatine tonsils,
nasopharyngeal tonsils (adenoids), and lingual tonsils
constitute the major part of Waldeyer’s ring. The
epithelium of NALT consists of a great number of
ciliated epithelial cells, columnar cells, a few mucous
goblet cells, and M cells. In rodents, a specialized follicle-
associated epithelium containing M cells is observed
overlying NALT [17]. The rodent M cells of NALT are
responsible for sampling and transporting antigens to
underlying lymphoid tissue [8, 10]. The experiments with
rodents demonstrated that the nasal administration of
antigens should be as effective as enteric immunization
[16]. In humans, the M cells of NALT are ultrastructurally
and functionally similar to those in Peyer’s patches and
colonic lymphoid follicles [4, 5]. It has been shown that
horseradish peroxidase (HRP) can easily be taken up by
M cells of human NALT [4]. These observations suggest
that microorganisms may also be exclusively sampled
through M cells in the nasal cavity.

Although the role of NALT in local immune responses
against pathogens in the respiratory tract could be very
important, it has not yet been elucidated whether M cells
in human NALT interact with viruses during the initial
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stages of influenza infection. In the present study, we
demonstrated that influenza virus particles are efficiently
taken up by M cells of human NALT and then transferred
to macrophages and lymphocytes.

Materials and methods

Tissue samples

Tissue samples were obtained from five patients with chronic
inflammation (four males and five females; ages, 2–14 years) by
adenotomy at the Kawasaki Medical School Hospital. All patients
or legal guardians of patients gave informed consent. The tissues
obtained were divided into two parts for organ culture with
influenza A virus and for lectin staining.

Organ cultures of human nasopharyngeal tonsils and incubation
with influenza A viruses

After adenotomy, tissues obtained were immediately placed in a
culture media (RPMI 1640; Gibco, NY) and incubated in a humid
atmosphere of 95% air and CO2 at 37�C. After a 20-min incubation
of each sample in 5 ml RPMI 1640 medium, the culture was mixed
with 3 ml of influenza A virus suspension, which contained
approximately 109 virus particles per milliliter. After incubations
for 30, 60, or 90 min, the specimens were washed twice with fresh
medium and fixed in 2.5% glutaraldehyde at 4�C for 2 h in
preparation for transmission electron microscopy. A cultured
control group without viruses was also prepared.

Preparation of influenza A viruses

Influenza A virus MRC-11 reassortant, which consists of the
hemagglutinin and neuraminidase of Port Chalmers/1/73 (H3N2)
strain with other components of PR/8 strain, was grown in the
allantoic sac of 11-day-old embryonated chicken eggs and was
concentrated as previously described [11].

Processing for transmission electron microscopy

After fixation in 2.5% glutaraldehyde at 4�C for 2 h, samples were
fixed in 1% osmium tetroxide for 2 h, dehydrated through an
ethanol series, transferred to propylene oxide, and embedded in
epoxy resin. Ultrathin sections were made with a Leica Reichert
Ultracut S ultramicrotome with diamond knives. These sections
were stained with uranyl acetate and lead citrate and examined in a
Hitachi H-7100 electron microscope.

For negative staining, the virus was suspended in 0.1 M
cacodylate buffer containing 0.6 M KCl and 2% glutaraldehyde
(pH 7.2) at 4�C for 15 min, and then washed with the same buffer.
One drop of the virus suspension was placed on a coated grid,
stained with uranyl acetate, and examined in a Hitachi H-7100
electron microscope.

Detection of sialoglycan on the cell surface with lectin

For detection of influenza virus receptor by lectin staining, a part of
the adenoid tissue was rinsed with 0.01 M phosphate-buffered
saline (PBS) (pH 7.6), fixed in a periodate-lysine-2% paraformal-
dehyde solution for 6 h at 4�C, rinsed with a series of PBS-
containing graded concentrations of sucrose, and then embedded in
Tissue-Tek OCT compound (Sakura Finetek USA, Inc., Torrance,
CA, USA). The fixed tissue was sectioned at 7 mm with a cryostat,
mounted on poly-l-lysine-coated glass slides (Dako, Kyoto, Japan),
and air dried at room temperature for 3 h. Specimens were

immersed in 10% normal sheep serum (Vector Laboratories,
Burlingame, CA, USA) for 30 min to block any non-specific
reaction. The specimens were rinsed with PBS and incubated in an
appropriately diluted digoxigenin-labeled Sambucus nigra bark
(SNA) (Boehringer Mannheim, Germany) overnight at 4�C in a
humidified chamber. Endogenous peroxidase activity remaining in
the tissue was inactivated by incubation with methanol containing
0.3% hydrogen peroxide for 10 min. After washing with PBS, the
specimens were incubated with HRP-labeled anti-digoxigenin
antibody (Roche Molecular Biochemicals, Mannheim, Germany)
for 6 h in moist chambers at 4�C. The specimens were rinsed with
PBS, fixed with 0.5% glutaraldehyde in PBS, and then rinsed
carefully with PBS six times for each 5 min. The samples were
stained with 0.02% 3,30-diaminobenzidine tetrahydrochloride
(DAB; Organon Teknika Corp., Durham, NC, USA) in 0.05 M
Tris buffer (pH 7.6) for 30 min at room temperature and
subsequently stained with a 0.02% DAB solution containing
10 mM hydrogen peroxide plus 10 mM sodium azide for 10 min.

For immunoelectron microscopy, specimens were treated as
described above, postfixed with 2% osmium tetraoxide (Ted Pella,
Inc., Redding, CA, USA) in PBS for 1 h, dehydrated, and then
embedded in epoxy resin. Ultrathin sections were stained with lead
citrate for 1 min and subjected to electron microscopic observation.

Neuraminidase treatment

Neuraminidase purified from Clostridium perfringens (type VIII,
Sigma Chemical Co., Louis Mo., USA) was used to confirm the
specificity of SNA for sialoglycan. For neuraminidase treatment as
previously described [6], the deparaffinized sections were washed
with 0.1 M sodium acetate buffer, pH 5.5, and incubated at 37�C
for 5 h with neuraminidase at a concentration of 1 U/ml in 0.1 M
sodium acetate buffer, pH 5.5, and 0.04 M calcium chloride.
Sections were then washed with 0.01 M PBS and lectin staining
was carried out as described above.

Results

Electron microscopic observation of influenza A virus
by negative staining

To control the quality of the virus preparation and identify
the sizes of virus particles, a part of the preparation was
negatively stained and subjected to electron microscopy.
As shown in Fig. 1, round virus particles with diameters
of 100–160 nm were observed. This virus preparation was
then used for the following study.

Transmission electron microscopic observation
of nasopharyngeal tonsils cultured
with influenza A viruses

Transmission electron microscopy showed that the cyto-
plasm of M cells was attenuated by enfolding lymphoid
cells. Their microvilli were irregular, and many small
vesicles were recognized in their cytoplasm. After 30 min
incubation, many viruses were found on the surfaces of M
cells (Fig. 2). After 60 min incubation, the viruses were
found on the surfaces and within large vesicles of M cells
(Fig. 3 and Fig. 4). Spike-like structures were clearly
observed on the surfaces of virus particles (arrow, in
Fig. 3). After 90 min incubation, the viruses were often
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found within large vesicles of M cells (Fig. 4 and Fig. 5a).
Virus particles were also found within a small vesicle in
the cytoplasm of a lymphoid cell enfolded by M cells
(Fig. 5b). Few virus particles were observed on the
surfaces or insides of other epithelial cells covering the
epithelia of lymphoid follicles of nasopharyngeal tonsils
(data not shown). No virus-like particles were observed in

the control group (data not shown), confirming that the
particles observed in this experiment were influenza
viruses, not artifacts.

Detection of sialoglycan in nasopharyngeal tonsils

SNA lectin was used to examine the distribution of
influenza virus receptors in nasopharyngeal tonsils. SNA
recognizes the Neua2,6Gal linkage of sialoglycoprotein
[11, 12], which is thought to be a specific receptor for the
human influenza A virus [13]. Tissue was stained with
digoxigenin-labeled SNA and HRP-labeled anti-digoxi-
genin antibody. Figure 6a shows intense SNA staining of
the apical surface and surrounding areas of the epithelium
of lymphoid follicles. The pretreatment of the specimen
with Cl. Perfringens neuraminidase clearly reduced SNA
lectin staining, demonstrating that this SNA staining was
specific for sialoglycan, not any artifact (Fig. 6b).
Immunoelectron microscopy of lymphoid follicles stained
with SNA lectin revealed that microvilli on the surface of
M cells, adjacent columnar cells, and lymphoid cells
possessed abundant receptors for the influenza virus
(Fig. 7a). Enlargement for observation showed that the
receptor sialoglycan was also found on the insides of
vesicles in the cytoplasm of M cells (Fig. 7b).

Fig. 2 A transmission electron
micrograph shows many virus
particles on the surface of M
cells that have the irregular and
branch-shaped microvilli, and
small vesicles in their cyto-
plasm. M M cell, C columnar
cell. Bar 1 mm

Fig. 1 Negatively stained image of suspension of influenza A
viruses. Virus particles sized from 100 nm to 160 nm are seen
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Discussion

Organ cultures of human adenoids have occasionally been
used to investigate the pathogenesis of the influenza A
virus. It was found that influenza virus infection caused
the loss of ciliated and basal epithelial cells in an adenoid
organ culture and that inflammatory cells from the
lymphoid follicles migrated into the lamina propria [3].
It is thought that human influenza virus binds to ciliated
cells, but not to non-ciliated cells, of the tracheal
epithelium and that functional receptors are expressed
on the surfaces of only ciliated cells [2]. However, there is
no information concerning the entry of influenza virus
through M cells of human NALT. The present study
demonstrated the presence of a viral receptor on the M
cell surface and showed that influenza A virus could
efficiently bind to the M cells of human adenoid organ
culture. Our transmission electron microscopy observa-
tions revealed that the influenza A virus could also be
efficiently taken up by M cells and transported into
enfolded lymphoid cells within 90 min after viral
infection. These findings suggested that M cells could
be a major port for entry of the influenza A virus. The
inductive function of NALT might be crucial for the

initiation of an immune response in the upper aerodiges-
tive tract in an influenza viral infection. NeuAca2,6 Gal
linkage of sialoglycan is thought to be an essential part of
the receptor for human influenza A virus [7, 9, 15]. The
present study has shown an abundant presence of
NeuAca2,6 Gal-containing sialoglycan on the M cell
surface, as well as on the adjacent columnar cell surface.
This observation indicates that the mechanism of M cell
sampling of influenza viruses relates to a receptor-
mediated transcytosis. Several viruses, including re-
oviruses, poliovirus, and HIV, have been observed to be
transported efficiently across M cells of Peyer’s patches
by transcytosis [1, 14, 20]. Although the virological
significance of the virus entry into M cells remains to be
resolved, the results obtained in the present study imply
that an influenza virus could easily pass through M cells
and enter lymphoid cells and that the virus could cause a
kind of viremia through the infected lymphoid cells. Free
infections of an influenza virus have not been detected in
blood during influenza. However, infected macrophages
or other lymphoid cells could function as vehicles through
the bloodstream, which could deliver progeny viruses to
blood capillary cells in various organs.

Fig. 3 Enlargement of trans-
mission electron micrograph
shows a parallel section of the
apex of the same M cell seen in
Fig. 2. The glycocalyx links
virus particles to M cells. Virus
particles have many spikes on
their surface (arrowheads). M
M cell
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In Japan, influenza encephalopathy is a severe problem
in children during the influenza season. If the influenza
virus could infect capillary cells in brain via infected
macrophages or lymphoid cells, it might cause the
breakdown of the blood–brain barrier, which could lead
to an acute influenza encephalopathy. This hypothesis
needs to be investigated, but, as of yet, we do not have an

appropriate animal model for influenza encephalopathy.
The establishment of such a model is timely and urgently
needed.

In conclusion, the present study suggested that the
transport of influenza viruses to lymphoid cells by M cells
may promote antigen delivery to the immune system, and
this may be important for systemic delivery of those

Fig. 4 A transmission electron
micrograph shows a virus par-
ticle within the large vesicles of
an M cell. Cytoplasmic micro-
villi and large vesicles are seen
in the M cell. Inset shows
enlargement of a virus particle
in the large vesicle of the M
cell, as indicated by an asterisk
in the main figure. M M cell, Ci
ciliary cell. Bar 1 mm

Fig. 5 A transmission electron
micrograph shows an M cell
that has enfolded a lymphoid
cell. a Transcytized virus parti-
cles (arrowheads) are recog-
nized in the vesicle of an M cell
near an enfolded lymphoid cell.
b A transcytized virus particle
(arrowhead) is recognized in
the vesicle of an enfolded lym-
phoid cell. M M cell, L lym-
phoid cell
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influenza viruses that have the capacity to productively
infect cells outside of the respiratory tract.
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Abstract Human malignant mesothelioma (MM) is an
aggressive neoplasm related to occupational exposure to
asbestos and characterised by a long latency time.
Multiple chromosomal deletions and DNA losses have
been revealed in MM by studies performed with karyo-
typic, comparative genomic hybridisation and loss of
heterozygosity (LOH) analyses. Among frequently delet-
ed chromosomal sites, LOH at chromosome 3p has been
detected in MM, suggesting the presence of one or several
tumour suppressor genes that have an important role in
development of the disease. The FHIT (fragile histidine
triad) tumour suppressor gene, located at 3p14.2, has been
proposed to be a target to major human lung carcinogens,
such as tobacco smoke and asbestos. Although many
studies have indicated decreased Fhit protein expression
in a variety of malignancies, there is no report of FHIT
gene aberrations or Fhit protein abnormalities in MM. We
examined expression of the Fhit protein and LOH at the
FHIT gene in malignant mesothelioma. Altogether, 13
paraffin embedded MM tumours were analysed for Fhit
protein expression, and 21 fresh tumours and 10 cell

cultures for LOH at the FHIT gene with two intragenic
microsatellite markers. All tumours showed less intense
immunostaining than normal bronchial epithelium or
mesothelium. Fhit expression was absent or reduced in
54% (7 of 13) of the tumours, with the weakest staining
observed in poorly differentiated areas. Allele loss was
seen in 3 of 10 (30%) of the MM cell lines, but only in 1
of the 21 fresh tumours studied, suggesting concealment
of LOH by normal cells present in MM tumours. In
conclusion, our present data indicate a frequent decrease
of Fhit protein expression, thus supporting the signifi-
cance of FHIT inactivation in development of MM.

Keywords Malignant mesothelioma · FHIT gene · Fhit
protein expression · Loss of heterozygosity · Asbestos
exposure

Introduction

Human malignant mesotheliomas (MM) are aggressive
tumours originating from mesothelial cells lining pleural,
peritoneal and pericardial cavities [1]. Although MM is a
relatively rare neoplasm, its incidence has been rising
during the past decades, mainly due to increased occu-
pational exposure to asbestos, which is the primary causal
factor in the aetiology of MM [8]. A long latency between
the exposure and onset of the disease is characteristic of
MM, suggesting that multiple somatic genetic events are
required for malignant transformation of mesothelial cells
[19].

Studies performed with cytogenetic and comparative
genomic hybridisation as well as loss of heterozygosity
(LOH) analyses demonstrate occurrence of several ge-
netic alterations, most commonly losses of chromosomal
regions in human MM [11]. Most frequently deleted
chromosomal regions are 22q and 9p [18]. Both these
regions harbour a tumour suppressor gene, NF2 (neuro-
fibromatosis type 2) and p16/CDKN2A, respectively,
which have been shown to be altered in many MMs [3].
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Among losses at different chromosomal sites, frequent
deletions of the short arm of chromosome 3 in MM have
been reported [21, 32, 38]. The FHIT (fragile histidine
triad) tumour suppressor gene [23], located at 3p14.2, has
been suggested to be a target of major human lung
carcinogens, such as tobacco smoke and asbestos [9]. The
Fhit protein has been reported to be expressed in most
non-neoplastic human tissues, and the highest levels of
expression have been detected in epithelial cells. The
protein is also consistently expressed in benign mesothe-
lium [39]. Although FHIT abnormalities, either allele
deletions or loss of protein expression, have been
investigated extensively in many types of human cancer,
including lung cancer [13, 22, 26, 31], there is no report,
to our knowledge, of alterations in the FHIT gene
aberration or Fhit protein expression in MM.

We examined Fhit protein expression and FHIT allele
loss in MM tumours and cell lines. Most patients had been
exposed to asbestos at work. Protein expression was
decreased in all tumour samples examined relative to
normal bronchus epithelium and mesothelium. Markedly
reduced expression was seen in 54% of the tumours, and
tumour cells with the poorest differentiation showed the
weakest immunostaining. LOH of the FHIT gene was
detected in three of ten cell lines (30%) and in one (1/21,
5%) fresh tumour sample. Frequent Fhit protein decrease
suggests its involvement in the development of MM.

Materials and methods

Study population

Altogether, 26 MM cases were studied. Data for demographic,
clinico-pathological and exposure characteristics of the cases are
given in Table 1. The diagnosis of malignant mesothelioma was
confirmed for each case by the Finnish National Mesothelioma
Panel. According to occupational history and/or fibre analysis [34],
19 of 25 (76%) patients had been exposed to asbestos at work
(concentration �1�106 fibres per gram dry tumour tissue), and 6
cases were non-exposed (<1�106 fibres/g); this data was missing
from 1 case. Most of the tumours represented a mixed histological
type; however, all the tumours analysed for protein expression were
of epithelial origin. Cultured MM cells or cell lines (10 cases) from
surgically resected tumours [24] and fresh frozen tumour specimens
from 21 MM cases were analysed (Table 1). Four of the cell lines
had been established previously and were long term (M9 K, M10 K,
M33 K and M38 K); whereas six were newly established cell
cultures and examined in passages 1–4 (M138 K, M143 K,
M144 K, M146 K, M150 K and M153 K). Tumour samples were
stored at �70�C prior to DNA extraction. For each specimen, we
had access to the corresponding normal tissue (blood or peripheral
pleura) of the patient. Immunohistochemical staining for Fhit
protein expression was studied in 13 paraffin-embedded tumour
samples.

PCR and LOH analysis

DNA was extracted from blood, frozen fresh tumours or cell
cultures using proteinase-K digestion and phenol/chloroform
purification followed by ethanol precipitation. Special care was
taken by the pathologist when dissecting the tumour specimen to
avoid contamination by normal tissue. DNA was amplified by
polymerase chain reaction (PCR) with two highly polymorphic

Table 1 Malignant mesothelioma cases and samples studies. Fresh tumour samples and cell lines were analysed for loss of heterozygosity
(LOH), and paraffin-embedded samples for immunohistochemical staining. + sample analysed, � sample not analysed

Tumor no. Age (years) Sex Asbestos exposure Histology Sample analysed for LOH or protein expression

Fresh tumour Cell line Paraffin-embedded tumour

M13 72 Male Yes Mixed + � �
M28 54 Male Yes Epithelial + � +
M30 46 Male Yes Mixed + � +
M65 63 Male Yes Epithelial + � +
M79 61 Male Yes Mixed + � +
M91 72 Male Yes Epithelial + � �
M92 44 Male Yes Mixed + � �
MO3 57 Male Yes Mixed � � +
M119 49 Male Yes Mixed + � �
M122 51 Male Yes Mixed + � �
M127 55 Male Yes Not specified + � �
M129 65 Female Yes Not specified + � �
M9 52 Male Yes Mixed + + �
M10 52 Male Yes Epithelial + + +
M33 42 Male Yes Mixed + + �
M38 55 Male Yes Mixed + + �
M138 57 Male Yes Mixed � + �
M144 75 Male Yes Mixed � + +
M150 59 Male Yes Mixed + + �
M100 39 Male No Epithelial + � +
M101 79 Male No Epithelial + � �
M143 49 Female No Epithelial + + +
M146 58 Male No Mixed � + +
M153 60 Male No Mixed + + +
M42 57 Female No Mixed + � +
M83 No data No data No data Epithelial � � +
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intragenic microsatellite markers, D3S1313 and D3S1234. The
markers were obtained from Research Genetics (Huntsville, AL).

Genomic DNA (100 ng) was amplified (30 cycles) according to
standard protocols in a volume of 10 ml. PCR products were
radiolabelled during the amplification reaction and separated by
electrophoresis in 6% polyacrylamide gels (7.7 M urea). After
electrophoresis, the gels were dried and exposed to X-ray film.
Absence or significant decrease of one allele in the tumour
compared with the normal reference tissue was considered LOH.

Immunohistochemical studies

Expression of the Fhit protein was examined in a set of paraffin-
embedded tumour (PET) specimens (n=13). A rabbit polyclonal
antibody raised against glutathione S-transferase-Fhit protein, a
generous gift from Dr. Kay Huebner, Kimmel Cancer Center,
Philadelphia, Pennsylvania, was used in the immunohistochemical
analysis. Sections of 4–5 mm were cut from the PET samples,
deparaffinised and microwaved for 4�5 min in 0.01 M Na-citrate
buffer (pH 6.0). Immunostaining was performed with the help of a

TechMate Horizon (Dako A/S, Glsotrup, Denmark) autostainer
(room temperature, 30 min). An automated protocol named MSIP
and recommended by the manufacturer was used. All reagents are
made by Dako (A/S) for routine use with the stainer. The dilution of
the antibody was 1:500. As a control, non-specific rabbit IgG
(Santa Cruz Biotechnology Inc., Santa Cruz, CA) at a concentration
corresponding to that of the Fhit antibody was used to stain all
sections using an identical protocol.

Evaluation of the Fhit positivity (H.W.) was based on the
intensity of staining using scoring from 1 to 5 (1=marginal, close to
background; 2=weak; 3=moderate; 4=high; 5=overstaining) and the
percentage of positively staining cells. Normal columnar epitheli-
um of the bronchus and the mesothelium indicated positive
immunostaining with the intensity score 4. The combination of
staining intensity and percentage of positive stained cells was
classified in the following three groups:

a. Absent or markedly reduced expression: staining intensity �1
or staining intensity 2 in <30% of cells;

b. Reduced expression: staining intensity 2 or 3 in 30–50% of the
cells;

Fig. 1 Positive fragile histidine triad immunostaining in normal
bronchial epithelium (A) and in mesothelium (B). Poorly differen-
tiated papillary mesothelioma (C) versus well-differentiated area

(D) of the same tumour; the former representing approximately 5%
of the tumour
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c. Positive expression: staining intensity 3 or 4 in >50% of the
cells.

The scorer was blinded to results obtained from the LOH
analysis.

Results

Protein expression

Intensive immunohistochemical staining for the Fhit
protein was observed in the normal columnar epithelium
of the bronchus and mesothelium. Compared with this
positive staining, the protein expression was decreased in
all tumours examined. Four cases showed markedly
reduced expression (staining intensity 1 in 1–100%, or
2–3 in <30% of the cells), three cases showed consider-
ably reduced expression (2–3 in 30–50% of the cells), and
six cases showed a positive expression (intensity 3 in
>50% of the cells). Heterogeneous staining with more
strongly positive Fhit expression was seen in areas of
well-differentiated tumour, and low staining intensity was
noted in areas of poor differentiation. Examples of Fhit
expression in normal bronchial epithelium and mesothe-
lium as well as in a MM tumour with well-differentiated
papillary cells and poorly differentiated area are shown in
Fig. 1.

Allele loss

Altogether, 21 MM tumours and ten cell cultures were
investigated for the presence of allele deletion at the FHIT
gene with two intragenic microsatellite markers
(D3S1234 and D3S1313). Allele loss was detected in
three of ten cell cultures (30%). One of the corresponding
fresh tumour samples also showed LOH. The low LOH
frequency in fresh tumour samples was most likely caused
by an unavoidable presence of normal cells in the tumour
specimens, subsequently covering the existence of LOH.
Table 2 summarises the results of immunostaining of the
Fhit protein and LOH analyses in malignant mesotheli-

oma tumours and cell lines, and in lung cancer cases
associated with asbestos exposure.

Discussion

Several recurrent genomic alterations are characteristic to
MMs, but no single specific gene has been yet indicated.
Deletions or mutations of two known tumour suppressor
genes (NF2 at 22q.12 and p16/CDKN2A at 9p21) have
been observed in MM [3, 10, 25, 27]. However, MM
appears to involve other genes as well, since inactivation
of these genes often occurs with low frequency. In a
recent study, we detected recurrent allelic deletion in
several chromosomal regions in MM cell cultures [26]. In
addition to frequent loss at NF2 and p16/CDKN2A gene
regions, we also detected frequent deletions at 3p14.2,
where the FHIT gene resides. The inactivation of the
FHIT gene is involved in lung cancer [9, 17, 30, 35] and
many other cancer types [5, 14, 29, 36, 37]. The FHIT
gene suppresses growth of cancer cells [28], and, in
carcinogen-treated FHIT-deficient mice, development of
multiple tumours was inhibited by transfection of an
intact human FHIT gene [12].

The Fhit protein is expressed in most non-neoplastic
human tissues, and the highest levels of expression is
detected in epithelial cells. Also, mesothelial cells from
benign body cavity effusion consistently express strong
immunoreactivity for the Fhit protein [39]. In the present
study, all MM tumours showed a decrease in the
expression of the Fhit protein, compared with the normal
mesothelium. Immunohistochemical analysis indicated
absent or reduced expression in 7 of 13 (54%) of the cases
studied. Interestingly, high intensity of Fhit staining was
seen in the areas of well-differentiated tumours, and low
intensity of staining was noted in those of poor differen-
tiation. A similar expression pattern was reported in
tongue carcinoma, where Fhit expression was higher in
the well-differentiated areas than in poorly differentiated
areas [20]. A correlation between the absence or reduction
of Fhit expression and advanced tumour stage has been
observed in bladder and lung cancers [2]. In a recent
study, reduction or absence of Fhit protein was shown to

Table 2 Immunostaining of the
fragile histidine triad (Fhit), and
loss of heterozygosity (LOH)
for the FHIT gene in malignant
mesothelioma tumors and cell
lines. The results are compared
with those of lung cancers from
cases with occupational expo-
sure

Tumour Fhit staining LOH at FHIT 2

Total
number
studied

Negative or reduced Total
number
studied

LOH detected

n (%) n (%)

Malignant mesothelioma

Tumours 13 7 (54) 20 1 (5)
Cell lines No data No data No data 10 3 (30)
Non-small cell lung cancer1 19 13 (68) 24 7 (29)

Squamous cell carcinoma 9 8 (89) 11 4 (36)
Adenocarcinoma 9 4 (44) 10 1 (10)
Large-cell carcinoma 1 1 (100) 2 1 (50)
Adeno-squamous cell carcinoma 0 0 (0) 1 1 (100)

1 Pylkk�nen et al. 2002 [26]
2 The intragenic markers studied were D3S1234 and D3S1313
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be associated with high proliferation and large tumour
size of breast carcinomas [4]. Such observations may
suggest that FHIT inactivation is a relatively late event in
the neoplastic progression in MM as well.

LOH was detected in three of ten (30%) MM cell
cultures studied with two highly polymorphic loci intra-
genic to the FHIT gene. The low rate of LOH detected in
fresh tumour samples is probably due to the presence of
normal cells in tumour samples typical to MM. Another
point is that Fhit staining in many tumour types is often
heterogeneous, displaying a mixed pattern of both low
and high staining intensity [5, 7, 16, 33]. In addition, the
FHIT gene, as with many other tumour suppressor genes,
may be inactivated by alternative mechanisms. Tumour-
acquired methylation of the CpG islands of the promoter
regions of FHIT gene resulting in silencing of transcrip-
tion has been reported to occur in lung cancer. In a recent
study, FHIT methylation was detected in 37% of primary
non-small cell lung cancers and 65% of lung cancer cell
lines, and methylation significantly correlated with loss of
Fhit expression [40]. We detected LOH in MM cells in
very early passages (1–3) in culture, which may suggest
that a relatively large proportion of malignant cells in the
original tumours, in fact, carry allele loss at 3p.

Association between asbestos exposure and reduced
Fhit expression has been suggested in lung cancer [22,
26]. In this study, malignant mesothelioma cases associ-
ated with occupational asbestos exposure showed fre-
quent reduction of Fhit protein expression. These
observations further support previous suggestions that
the FHIT gene alterations may be involved in the
development of neoplasms associated with environmental
carcinogen exposure [2, 6, 22, 26]. In conclusion, our
present data show that absent or markedly reduced Fhit
expression was frequent in MM. However, FHIT inacti-
vation may, instead, be a late event, as suggested by the
pattern of immunostaining of the tumour cells. As in
nearly all MM patients, the first manifestation of malig-
nancy is bloody effusion of the pleural cavity [15].
Immunostaining of Fhit protein could perhaps serve as a
biomarker for detection of malignant cells in the
effusions.
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Abstract Recent evidence suggests that oxidative stress
is involved in the pathophysiology of preeclampsia. Using
immunohistochemistry and Western blotting, we investi-
gated the oxidative stress- and redox-related molecules,
such as 8-hydroxy-20-deoxyguanosine (8-OHdG), 4-hy-
droxynonenal (4-HNE), thioredoxin (TRX) and redox
factor-1 (ref-1) in the placenta in preeclampsia, intrau-
terine growth restriction (IUGR), preeclampsia + IUGR
and in normal pregnancy. Using immunohistochemistry,
the level of 8-OHdG was significantly higher in IUGR
(P=0.012) or preeclampsia + IUGR (P=0.0021) than in
normal pregnancy, while TRX expression was signifi-
cantly higher in preeclampsia (P=0.045), and ref-1
expression was significantly higher in preeclampsia
(P=0.017), IUGR (P=0.016) and preeclampsia + IUGR
(P=0.0038) than in normal pregnancy. The levels of 4-
HNE did not differ significantly between either preec-
lampsia or IUGR and normal pregnancy. A significant
positive correlation was observed between TRX and ref-1
expressions in both normal (r=0.52) and complicated
(r=0.43) pregnancies. Using Western blotting, ref-1
expression tended to be higher in complicated pregnan-
cies than in normal pregnancy (P=0.09). These results
suggest that oxidative DNA damage is increased in IUGR
and that redox function is enhanced in both preeclampsia
and IUGR compared with normal pregnancy.

Keywords Oxidative stress · Intrauterine fetal growth
restriction · Redox function · Placenta · Preeclampsia

Introduction

Preeclampsia is a serious complication of pregnancy and
continues to be a leading cause of maternal death during
pregnancy in developed countries [6]. Although the exact
etiology and pathogenesis of preeclampsia are still
unknown, there is substantial evidence that maternal
endothelial cell dysfunction leads to manifestations of
preeclampsia, such as altered vascular reactivity, va-
sospasms and increased vascular permeability [19, 21]. It
has been known for some years that placental ischemia is
involved in the development of preeclampsia [13, 32] and
that placental ischemia causes fetal hypoxia and acidosis,
which lead to intrauterine fetal growth restriction (IUGR)
[26]. The frequent occurrence of IUGR in preeclampsia
may seem to imply that preeclampsia and IUGR share a
common pathogenesis. However, IUGR can occur with-
out any signs of preeclampsia, and not all preeclamptic
pregnancies are associated with IUGR [4]. Although
placental ischemia/hypoxia is likely to be a common
etiological factor for preeclampsia and IUGR, the under-
lying relationship between preeclampsia and IUGR is not
well understood.

There is growing evidence that oxidative stress is
involved in normal pregnancies. The serum levels of
oxidative stress-related molecules, such as lipid peroxides
and malondialdehyde, have been found to be higher in
pregnant women than in non-pregnant women [15]. The
placenta, which is regarded as a source of such molecules
[11], produces 4-hydroxynonenal (4-HNE) and thiore-
doxin (TRX) in normal pregnancies [1, 3, 14]. Mean-
while, maternal endothelial cell dysfunction has attracted
attention as a key event in the development of the diverse
clinical manifestations of preeclampsia [21], and the
placenta is regarded as a major source of the factors that
lead to such dysfunction in preeclampsia [20]. Recent
evidence suggests that, in preeclampsia, both placental
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and maternal free radical reactions promote a cycle of
events that compromise the defensive functioning of the
vascular endothelium [7]. In IUGR, as well as in
preeclampsia, increased vascular resistance in the placen-
ta is likely to result in reduced utero-placental perfusion
and to be the cause of placental hypoxia or ischemia [28].
Several studies have investigated oxidative stress-related
molecules in preeclamptic pregnancies. The level of 4-
HNE and the level of isoprostane, a marker of oxidative
stress that induces vasoconstriction, are both higher in the
placenta in preeclamptic pregnancies than in normal
pregnancies [14, 30]. The level of malondialdehyde, an
indicator of mitochondrial lipid peroxides, is higher in the
mitochondrial fraction of preeclamptic placental tissues
than in those obtained from normal placentae [31]. The
expression of xanthine dehydrogenase/xanthine oxidase,
which generates reactive oxygen species, is elevated in
the cytotrophoblast from preeclamptic women [12]. The
levels of superoxide, protein thiol/disulphide oxidoreduc-
tases and 2,3-dioxygenase (a free radical scavenger) are
reported to be higher in preeclamptic placentae than in
normal placentae [22, 23, 25].

It has recently been reported that oxidative stress
causes vascular dysfunction in the placenta in preeclamp-
sia [16] and that antioxidants decrease the risk of
preeclampsia [2]. These lines of evidence seem to suggest
that oxidative stress may be involved in the development
of preeclampsia [7, 29]. However, few studies have
investigated the status of oxidative stress and reductive
reactions in preeclampsia and IUGR concurrently. The
aim of the present study was to elucidate the role of
oxidative stress in preeclampsia and IUGR by examining
the levels of oxidative stress-related molecules, such as 8-
hydroxy-20-deoxyguanosine (8-OHdG) (a hydroxy prod-
uct of deoxyguanosine that is generated by the DNA
damage caused by oxidative stress), 4-HNE (a product of
lipid peroxidation), and redox-regulating molecules, such
as TRX (reductive enzyme) and redox factor-1 (ref-1)
(repairs DNA damage and acts as a redox-modifying
factor) in the placenta in normal pregnancy and in
complicated pregnancies (preeclampsia with or without
IUGR and IUGR alone).

Materials and methods

Tissue collection

For immunohistochemistry, normal placental tissues were collected
from 42 patients (6–40 weeks); 10 were in the first trimester (6–
13 weeks), 9 in the second trimester (14–27 weeks) and 23 in the
third trimester (28–40 weeks). The cases in the third trimester had
normal blood pressure and were uncomplicated (i.e., had no serious
maternal or fetal complications, such as preeclampsia or IUGR).
Preeclampsia was defined as gestational hypertension accompanied
by proteinuria. Hypertension was defined as an increase of
30 mmHg in systolic or of 15 mmHg in diastolic blood pressure
(compared with values obtained prior to 20 weeks) or an absolute
blood pressure greater than 140/90 mmHg. Proteinuria was defined
as greater than 500 mg per 24-h collection period or greater than 2+
in voided random urine specimens [18]. Women who had chronic
hypertension and/or proteinuria prior to pregnancy were excluded.

All the preeclampsia cases (n=24) had both hypertension and
proteinuria; 19 had severe hypertension (absolute blood pressure
greater than 160/110 mmHg) + proteinuria and 5 had mild
hypertension + proteinuria. IUGR referred to a small for date
newborn who had a birth weight less than the 10th percentile for its
gestational age (by Japanese standards) [24]. Gestational age was
adjusted according to ultrasonographic findings in early gestation in
all IUGR cases. No fetal anomalies were present in IUGR cases.
Placentae from complicated pregnancies were collected from 41
cases; 13 were complicated by preeclampsia alone (28–39 weeks),
17 by IUGR alone (28–40 weeks) and 11 by preeclampsia + IUGR
(28–40 weeks). Histologically, none of the placentae examined
were complicated by overt chorioamnionitis. All the tissues were
fixed with 10% phosphate-buffered formalin and embedded in
paraffin. For Western blotting, placental tissues were collected
from eight women with a normal pregnancy (9–39 weeks) and from
five with preeclampsia (28–39 weeks), three with IUGR (28–
36 weeks) and one with preeclampsia + IUGR (36 weeks). The
placental tissues were used with the approval of the Ethics
Committee of Shinshu University and with the consent of the
patients.

Immunohistochemistry

Immunohistochemical staining was carried out on paraffin sections,
with the streptavidin-biotin-peroxidase complex method performed
using a Histofine SAB-PO kit (Nichirei, Tokyo, Japan). To evaluate
oxidative stress and reductive reactions in the tissues, we selected
four markers: 8-OHdG (a hydroxy product of deoxyguanosine that
is generated by the DNA damage caused by oxidative stress), 4-
HNE (a product of lipid peroxidation), TRX and ref-1. The primary
antibodies used were those against 8-OHdG [clone, N45.1; Japan
Institution for Aging (JICA), Fukuroi, Japan] [5], 4-HNE (JICA)
[27], TRX (kindly provided by Professor Junji Yodoi, Kyoto
University, Kyoto, Japan) [17] and ref-1 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA). Anti-ref-1 was polyclonal (rabbit),
whereas the other three antibodies were monoclonal (mouse). The
above antibodies (8-OHdG, 4-HNE, TRX and ref-1) recognize the
hydroxy base of 8-OHdG at the 8th position, 4-HNE bound to
histidine, human recombinant TRX and a peptide mapping at the
carboxy terminus of ref-1 of human origin, respectively. Collected
placental tissues were immediately fixed in 10% buffered formalin.
Sections were deparaffinized, rehydrated and heated in 0.01 M
citrate buffer (pH 6.0) for 15 min in a microwave oven. After
endogenous peroxidase activity had been blocked, they were
incubated with normal goat or rabbit serum to reduce non-specific
binding. They were then incubated with one of the primary
antibodies or with normal serum (as a negative control) at 4�C
overnight. The sections were incubated with biotinylated anti-rabbit
IgG (goat) or anti-mouse IgG (rabbit) and with peroxidase-
conjugated streptavidin. The sections were stained with diamino-
benzidine and counterstained with hematoxylin.

The degree of immunostaining was evaluated semi-quantita-
tively on the basis of the percentage of positive cells in the
trophoblast: diffusely positive (++) when positive cells accounted
for more than 50%, partially positive (+) when positive cells were
5–49% and focally positive (+/�) when positive cells were less than
5%. The percentage of positive cells was calculated in ten randomly
selected high power fields that did not contain placental infarction.
In accordance with the location of the major trophoblast types
positive for the oxidative stress-related markers examined, the
degree of immunostaining for 8-OHdG, TRX and ref-1 was
evaluated in the cytotrophoblast, and the degree of immunostaining
for 4-HNE was evaluated in the syncytiotrophoblast. The results of
immunostaining were evaluated without knowledge of the preg-
nancy diagnosis.
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Western blotting

Placental tissues were snap-frozen and stored at �80�C. The tissues
were homogenized in a lysis buffer [50 mM Tris-HCl, pH 8.0,
0.25 M NaCl, 0.5% NP-40, 1 mM phenylmethylsulfonyl fluoride
(PMSF) (Sigma), 1 �g/ml aprotinin (Boehringer Mannheim), 1 �g/
ml leupeptin (Boehringer Mannheim), 20 �g/ml N-a-tosyl-l-
phenyl-alanyl chloromethyl ketone (TPCK) (Boehringer Mann-
heim)]. The lysates were centrifuged at 13,000 g for 20 min at 4�C
and the supernatants were stored at �80�C. Extracts equivalent to
30 �g of total protein were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (10% acrylamide) and then
transferred onto nitrocellulose membranes (Hybond TM-C super,
Amersham, Buckinghamshire, UK). The membranes were blocked
in Tris-buffered saline with Tween-20 (TBST) (0.2 M NaCl,
10 mM Tris, pH 7.4, 0.2% Tween-20) containing 5% non-fat dry
milk and 0.02% NaN3 for 1 h, then incubated with antibodies
against 4-HNE (JICA), TRX (provided by Professor Junji Yodoi),
ref-1 (Santa Cruz) or b-actin (Biomakor, Rehovot, Israel) in TBST
containing 5% non-fat dry milk. Western blotting was not
performed for 8-OHdG, since 8-OHdG is a nucleoside, not a
protein. The membranes were incubated with sheep anti-rabbit IgG
or with anti-mouse IgG (Amersham) in TBST containing 2% non-
fat dry milk. Bound antibody was detected by means of an
enhanced chemiluminescence system (Amersham). The density of
the bands on the filters was quantified by densitometric analysis
using a Quantity One Scan System (ATTO, Tokyo, Japan). The
levels for 4-HNE-labeled protein, TRX and ref-1 were adjusted
with respect to b-actin expression by dividing the density of each
band by the corresponding band density for b-actin. Since the
number of cases used for Western blotting was small, we compared
the expression of these molecules in the third-trimester placenta
between normal pregnancies (n=4) and all complicated pregnancies
(preeclampsia and/or IUGR, n=9).

Statistical analysis

The Kruskal-Wallis rank test, Scheffe’s F-test, Spearman’s rank
correlation test (for the data of immunohistochemistry) and Mann-
Whitney’s U-test (for the data of Western blotting) were used for
statistical analyses using StatView v.5.0 (Abacus, Berkeley, CA,
USA). Normal placental tissues from the third trimester (n=23)
were used as a control for the complicated pregnancies. A P value
<0.05 or a correlation coefficient (r) greater than 0.4 or less than
�0.4 (in the case of Spearman’s rank correlation) was considered
significant.

Results

Immunohistochemistry

Positive immunostaining for 8-OHdG and ref-1 was
observed within the nuclei. Positive immunostaining for
4-HNE was observed in the cytoplasm and/or cell
membrane. Positive immunostaining for TRX was ob-
served within both the nuclei and the cytoplasm. In the
placentae obtained from normal pregnancies, positive
staining for 8-OHdG, TRX and ref-1 was mostly observed
in the cytotrophoblast throughout gestation, the syncytio-
trophoblast being only focally positive for these mole-
cules (Fig. 1). In the early stages of gestation, the
trophoblast of the cell column was extensively positive
for 8-OHdG, TRX and ref-1. In addition, many different
types of cells, including Hofbauer’s cells and endothelial
cells, were also positive for 8-0HdG. In contrast, positive
staining for 4-HNE was mostly observed in the syncytio-
trophoblast and only rarely in the cytotrophoblast
throughout gestation. Hofbauer cells were mostly positive
for 8-OHdG, TRX and ref-1, but negative for 4-HNE.
There was no significant correlation between gestational
age and the level of 8-OHdG, 4-HNE, TRX or ref-1.

In the placentae from cases with preeclampsia and/or
IUGR, the localization of positive immunostaining for 8-
OHdG, 4-HNE, TRX and ref-1 was similar to that
observed in the normal placentae. The results obtained for
the degree of immunostaining of these molecules during
the third trimester in normal placentae versus disease are
summarized in Table 1. The presence of 8-OHdG was
significantly greater in IUGR (P=0.012) or preeclampsia
+ IUGR (P=0.0021) than in normal pregnancy (Fig. 2),
but it did not differ significantly between preeclampsia
and normal controls (P=0.14). No significant difference
was observed in 4-HNE staining between either type of
complicated pregnancy and normal pregnancy. The
expression of TRX was significantly greater in preec-
lampsia (P=0.045) than in normal pregnancy, but it did
not differ significantly between IUGR (P=0.15) or
preeclampsia + IUGR (P=0.11) and normal controls

Table 1 Degree of immunostaining for oxidative stress-related
molecules in placentae obtained during the third trimester in normal
and complicated pregnancies. Criteria used to assess the degree of

immunostaining are described in the text. IUGR intrauterine growth
restriction, 8-OHdG 8-hydroxy-20-deoxyguanosine, 4-HNE 4-hy-
droxynonenal, TRX thioredoxin, ref-1 redox factor-1

8-OHdG 4-HNE TRX ref-1

(+/�) (+) (++) (+/�) (+) (++) (+/�) (+) (++) (+/�) (+) (++)

Normal 14 8 1 22 1 0 19 4 0 20 2 1
(n=23)

Preeclampsia 2 9 2 12 1 0 4 9 0 5 3 5*
(n=13)

IUGR 3 6 8* 13 3 1 9 6 2 6 5 6*
(n=17)

Preeclampsia+ IUGR 1 6 4** 9 2 0 4 6 1 3 2 6**
(n=11)

*P<0.05 versus normal
**P<0.005 versus normal
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(Fig. 3). Ref-1 expression was significantly higher in
preeclampsia (P=0.017), IUGR (P=0.016) and preec-
lampsia + IUGR (P=0.0038) than in normal pregnancy
(Fig. 4).

The correlations between the expressions of pairs of
the four molecules are shown in Table 2 (normal
pregnancy) and Table 3 (complicated pregnancies). In
normal pregnancy, significant positive correlations were
observed between 8-OHdG and TRX (r=0.46), and

between TRX and ref-1 (r=0.52). In the complicated
pregnancies, a significant positive correlation was ob-
served only between TRX and ref-1 (r=0.43).

Western blotting

In the placentae obtained from normal and complicated
pregnancies, specific bands were detected for 4-HNE-

Fig. 1 Immunostaining for oxi-
dative stress-related molecules
in the placenta in normal preg-
nancy. A 8-Hydroxy-20-deoxy-
guanosine (28 weeks). B 4-
Hydroxynonenal (19 weeks). C
Thioredoxin (9 weeks). D Re-
dox factor-1 (11 weeks) (�350).
Scale bar=27 mm (applies to all
panels)
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labeled protein, TRX and ref-1 (at 70 kDa, 14 kDa and
35 kDa, respectively). b-Actin was expressed at 42 kDa in
all the samples. In normal pregnancy, the levels of 4-
HNE-labeled protein, TRX and ref-1 did not show
significant changes during gestation. Ref-1 expression
tended to be greater in complicated pregnancies than in

Fig. 3 Immunostaining for thioredoxin in the placenta in intrau-
terine growth restriction (28 weeks) (�350). Scale bar=27 mm

Fig. 2 Immunostaining for 8-hydroxy-20-deoxyguanosine in the
placenta in preeclampsia + intrauterine growth restriction
(37 weeks) (�350). Scale bar=27 mm

Fig. 4 Immunostaining for ref-1 in the placenta in intrauterine
growth restriction (28 weeks) (�270). Scale bar=35 mm

Table 2 Correlation between the immunostaining of pairs of
oxidative stress-related molecules in normal pregnancy. Data are
presented as correlation coefficients. 8-OHdG 8-hydroxy-20-deoxy-
guanosine, 4-HNE 4-hydroxynonenal, TRX thioredoxin, ref-1 redox
factor-1

ref-1 TRX 4-HNE

8-OHdG 0.22 0.46* 0.22
4-HNE �0.04 0.14
TRX 0.52*

* Correlation coefficient >0.4

Table 3 Correlation between the immunostaining of pairs of
oxidative stress-related molecules in complicated pregnancies.
Data are presented as correlation coefficients. 8-OHdG 8-hy-
droxy-20-deoxyguanosine, 4-HNE 4-hydroxynonenal, TRX thiore-
doxin, ref-1 redox factor-1

ref-1 TRX 4-HNE

8-OHdG 0.32 0.27 �0.13
4-HNE 0.35 0.01
TRX 0.45*

* Correlation coefficient >0.4
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normal pregnancies, but the difference was not significant
(P=0.09) (Fig. 5). No significant difference was found in
the level of 4-HNE-labeled protein or TRX between
complicated and normal pregnancies.

Discussion

In the present study, the placental 8-OHdG level was
significantly greater in IUGR or preeclampsia + IUGR
than in normal pregnancy, but it did not differ signifi-
cantly between preeclampsia and normal pregnancy,
suggesting that oxidative DNA damage is increased in
preeclampsia with IUGR but not in preeclampsia without
IUGR. However, the placental ref-1 expression was
significantly greater in preeclampsia, IUGR and preec-
lampsia + IUGR than in normal pregnancy, suggesting
that the redox function is accelerated in both preeclampsia
and IUGR. Thus, redox function was elevated in the
preeclamptic placentae, irrespective of the presence of
IUGR, while oxidative DNA damage was increased only
in the preeclamptic placentae associated with IUGR. In
other words, there was a discrepancy between the levels
of oxidative DNA damage and redox function in the
placentae from preeclampsia without IUGR. Although the
reason for this is unknown, we can speculate that, in
preeclampsia without IUGR, elevated redox function may
be compensating for the DNA damage caused by
enhanced oxidative stress in preeclampsia. In other words,
IUGR associated with preeclampsia may possibly be due
to decompensation of placental function against oxidative
stress. However, there is a possibility that, with disease
conditions, more cells (of different type) may express the
molecules, rather than each cell showing an increased
concentration of molecules.

Elevation of ref-1 expression in the placenta in
preeclampsia and/or IUGR did not reach significance in
our Western blotting study. The reason for this may be (1)
the number of cases analyzed using Western blotting was

smaller than those using immunohistochemistry or (2)
contamination by other cells expressing ref-1 (such as
Hofbauer cells) within the tissue homogenates. However,
the level of oxidative DNA damage would seem to be
elevated in IUGR during the third trimester, and, at the
same time, the redox system, especially ref-1 (which
repairs DNA damage and acts as a redox-modifying
factor), is activated in both IUGR and preeclampsia.

The levels of 4-HNE did not differ significantly
between either preeclampsia or IUGR and normal preg-
nancy, suggesting that the lipid hyperoxidation status is
not elevated in the placentae from preeclampsia or IUGR.
The result is consistent with that reported in a recent
paper [22]. To judge from the localization of the
molecules studied, oxidative DNA damage appears to
occur mainly in rapidly growing cells, such as those of the
trophoblast of the cell columns, while lipid hyperoxida-
tion occurs mainly in the superficial cell layers, such as
those of the syncytiotrophoblast. These results suggest
that oxidative stress may influence the placentae or
trophoblastic cells differently between DNA damage and
lipid hyperoxidation.

Recently, it has been reported that ischemia–reperfu-
sion injury may be associated with increased levels of
oxidative stress in preeclampsia [8]. Placental ischemia
can induce IUGR irrespective of the presence of preec-
lampsia. Since the oxidative DNA damage (as reflected
by 8-OHdG) was elevated in the placentae from IUGR or
preeclampsia + IUGR (but not in those from preeclampsia
with no IUGR), ischemia–reperfusion injury may be also
involved in the pathogenesis of IUGR. A recent investi-
gation has emphasized the presence of placental “hyper-
oxia” rather than hypoxia in IUGR [10]. In fact, hyperoxic
status induces an increase in reactive oxygen species
(ROSs) and leads to oxidative DNA injury [9]. Thus,
oxidative DNA damage due to ischemia–reperfusion
injury and/or hyperoxia may be associated with the
development of IUGR. Moreover, elevated placental ref-1
expression observed in IUGR indicates that the redox
function and DNA repair function may be enhanced so as
to compensate for the adverse influence on cells exerted
by the increased oxidative DNA damage. However, since
the basic role of oxidative stress is not very well
understood in preeclampsia or IUGR, nor, indeed, in
normal pregnancy, further investigations will clearly be
needed.
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Abstract The nature of fibrous dysplasia, a well-known
and relatively common bone lesion, is controversial. We
report here the first polymerase chain reaction (PCR)-
based clonality analysis of fibrous dysplasia in which 11
cases obtained from females with a polymorphism at the
human androgen receptor gene locus (HUMARA) were
examined using a methylation-specific PCR procedure.
This assay allowed accurate evaluation of the clonality
status of this disease by eliminating restriction enzyme
digestion that had been used previously in conventional
HUMARA analysis. Eight samples proved to be informa-
tive for the assay, and they all showed non-random X-
chromosome inactivation, indicative of a monoclonal
pattern. These findings demonstrate a clonal origin for
fibrous dysplasia, suggesting that the disease is a
neoplastic lesion rather than a “dysplastic” process, as
has been generally believed.

Keywords Fibrous dysplasia · Monoclonality ·
Methylation-specific PCR (MSP) · Human androgen
receptor gene (HUMARA)

Introduction

Fibrous dysplasia is a benign skeletal disorder character-
ized by replacement of a localized area of bone by a
proliferation of fibrous tissue intermixed with foci of
immature non-lamellar bone [7]. The disease may involve
either a single bone (monostotic form, 85% of cases) or
multiple bones (polyostotic form, 15% of cases). Addi-
tionally, lesions characteristic of fibrous dysplasia may be
clustered into only one or two anatomic regions (mono-
melic form) or exhibit a widespread involvement of the
skeleton (polymelic form) [9]. Some patients can present
with endocrine dysfunction (generally precocious puber-
ty) and cutaneous c�fe-au-lait spots, a collection of
features referred to as the McCune-Albright syndrome
[15].

The nosologic status of fibrous dysplasia remains
controversial. In current major textbooks that describe
bone pathology, fibrous dysplasia is regarded as a non-
neoplastic process [23] and is also defined elsewhere as a
dysplastic disorder of bone [7]. Nonetheless, there is
specific evidence that favors a neoplastic origin for
fibrous dysplasia, including the presence of chromosomal
aberrations [4], activating mutations in the GNAS1 gene
[25], overexpression of the c-fos proto-oncogene [2] and
occasional malignant changes in this disease [20].

One of the defining properties of neoplastic processes
is that they are clonal in nature [13]. This feature can be
evaluated by analyzing the inactivation pattern of the X-
chromosome in lesional tissue from female patients [24].
This is based upon the assumption that a non-neoplastic
polyclonal process should show a random inactivation
pattern of both paternal and maternal X-chromosomes,
whereas a neoplastic lesion should result in a non-random
inactivation pattern. In the present study, we used a
recently developed methylation-specific polymerase
chain reaction (PCR) (MSP)-based approach, which
analyzed the DNA methylation status near a trinucleotide
repeat polymorphism of the human androgen receptor
gene (HUMARA) on the X-chromosome [14], to deter-
mine the clonality of fibrous dysplasia.
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Materials and methods

Sample collections and DNA isolation

We studied surgical specimens from 11 female patients with fibrous
dysplasia (aged between 9 years and 45 years). These samples had
been processed for conventional histopathological examination at
the St. Marianna University Hospital from 1983 to 1999. All
specimens were obtained from areas of abnormal bone by
curettage, which enabled us to use the sections composed only of
lesional tissue in subsequent analysis. The study protocol was
approved by the human ethics review committee of the St.
Marianna University School of Medicine.

Several 5-mm sections from archival formalin-fixed and paraf-
fin-embedded tissue were directly placed in a microfuge tube,
dewaxed in xylene for 15 min and cleared with absolute ethanol for
5 min at room temperature. The samples were centrifuged at
10,000 rpm for 5 min between each reagent change. The samples
were air-dried and placed in 50 ml of proteinase K digestion buffer
[50 mM Tris-HCl, pH 8.0; 1 mM ethylene diamine tetraacetic acid
(EDTA); 0.5% Tween 20]. Digestion was carried out for 5 days at
55�C with daily replacement of proteinase K (250 mg/ml working
concentration), followed by boiling for 10 min to inactivate the
enzyme [5]. Control DNA from leukocytes of a normal female
donor was isolated according to a standard protocol [21].

Bisulfite treatment

The DNA was treated with sodium bisulfite as described previously
[10]. Briefly, DNA solution was denatured with sodium hydroxide
and then incubated at 55�C overnight with hydroquinone (Wako,
Osaka, Japan) and sodium bisulfite (Sigma, St. Louis, MO, USA).
The DNA was purified using the Wizard DNA clean-up system
(Promega, Madison, WI, USA), and the chemical reaction was
completed by sodium hydroxide. After ethanol precipitation, the
treated DNA was resuspended in 20 ml of TE (10 mM Tris-HCl, pH
8.0; 1 mM EDTA).

PCR amplification

PCR was carried out using AR-M (MF2/MR3) and AR-U (UF2/
UR1) primer sets as described by Kubota et al. [14]. One primer
was labeled with the fluorescent dye 6-FAM. The polymerase
(HotStar Taq; Qiagen, Hilden, Germany) was activated at 95�C for
15 min. The DNA was amplified in an ATG model EZC-96
thermocycler (Asahi Techno Glass, Chiba, Japan) for 40 cycles at
94�C for 30 s, 58�C for 30 s, and 72�C for 30 s, followed by a final
extension at 72�C for 10 min. The PCR products were mixed with
size markers (GeneScan 350 TAMRA; Applied Biosystems, CA,
USA) and analyzed on an automated sequencer (310 ABI genetic
analyzer) using GeneScan version 3.7 software.

Results

Histopathology

Clinical data from each case sample are summarized in
Table 1, and each of these was monostotic. On histology,
all 11 lesions displayed the typical appearance of fibrous
dysplasia: irregular trabeculae of woven bone were
embedded in a moderately cellular fibrous matrix. The
bony trabeculae had variable and irregular shapes.
Osteoblastic rimming of the trabeculae was characteris-
tically inconspicuous and some of the trabeculae seemed
to emerge from the surrounding fibrous background

(Fig. 1). In none of the cases examined was any
associated lesion, such as an aneurysmal bone cyst,
detected.

Clonality analysis

Table 1 summarizes the results of the HUMARA-MSP
analysis. Two patients (cases 9 and 10) showed homo-
zygosity for the HUMARA polymorphism and, therefore,
further analysis would have been uninformative. No
MSP products were amplified from one further patient
(case 11), whereas the remaining eight patients all
showed non-random X-chromosome inactivation (a
monoclonal pattern, Fig. 2a, b), whilst control leukocyte
DNA exhibited random inactivation (a polyclonal pat-
tern, Fig. 2c).

Table 1 Results of human androgen receptor gene locus-methyl-
ation-specific polymerase chain reaction (PCR) (HUMARA-MSP)
analysis in 11 patients with fibrous dysplasia. N/A not applicable
(no amplified DNA was detected)

Case no. Age (years) Location HUMARA

1 44 Tibia Monoclonal
2 17 Unknown Monoclonal
3 13 Hand Monoclonal
4 45 Unknown Monoclonal
5 17 Skull Monoclonal
6 9 Tibia Monoclonal
7 13 Fibula Monoclonal
8 33 Skull Monoclonal
9 20 Skull Homozygous

10 30 Tibia Homozygous
11 35 Unknown N/A

Fig. 1 Histological study of a fibrous dysplasia. Trabeculae of
woven bone without an osteoblast rim exist in a moderately cellular
fibrous stroma with plump to oval spindle cells. Hematoxylin &
eosin, �200
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Discussion

An analysis of clonality in the nodular mass of various
organs reveals important information about the origin of
these lesions. Recently, a PCR-based method for clonal
analysis, which examines the DNA methylation status
near the CAG trinucleotide repeat polymorphism of the
HUMARA locus using restriction enzymes, has been
developed [1, 19]. The advantage of this method is not
only that the HUMARA locus is highly informative, but
also that it is PCR based and, therefore, applicable to
small quantities of DNA. It has now been used in a
number of studies to determine the clonal nature of non-
neoplastic and neoplastic lesions [17, 18, 22]. However,
several problems have prevented the application of this
method in a routine clinical setting. One important
constraint was that the methylation-sensitive restriction

enzyme digestion often gave ambiguous results, possibly
due to partial digestion of template DNA and the presence
of several minor labeled bands amongst the PCR prod-
ucts.

Recently, MSP analysis, which consists of chemical
conversion of DNA and a subsequent MSP reaction, was
developed to detect the promoter methylation of several
genes [10]. This method was also reported to be
applicable to X-chromosome inactivation analysis [14].
Since the HUMARA-MSP assay is based on bisulfite
modification and not the use of restriction enzymes [10,
14], the problems associated with incomplete enzyme
digestion are avoided. Incomplete bisulfite modification
will not affect the results, due to the use of specific
primers in the MSP method. It has now been demonstra-
ted that clonality analysis using MSP is more precise and
easier to interpret than analyses that use methylation-

Fig. 2 Examples of clonality
analysis using the human an-
drogen receptor gene locus-
methylation-specific polymer-
ase chain reaction (PCR)
(HUMARA-MSP) assay. a, b
Monoclonal patterns in fibrous
dysplasia (a case 2; b case 6). c
Polyclonal pattern in a normal
female. M PCR with methyla-
tion-specific primers; U PCR
with unmethylation-specific
primers. Monoclonal and poly-
clonal patterns consist of two
and four distinct peaks, respec-
tively
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sensitive restriction enzymes [12]. We subsequently
performed a HUMARA-MSP assay to precisely evaluate
the clonality status of fibrous dysplasias in this present
study.

All cases in which we successfully analyzed fibrous
dysplasia have proved to be monoclonal. The demonstra-
tion of a clonal process for fibrous dysplasia seems to
favor a neoplastic theory rather than a “dysplastic”
change. However, it should be remembered that PCR-
based clonality analysis occasionally produces a pseu-
domonoclonal result [6]. The major mechanism for this is
the patch-size concept [8, 11] such that if, after cell
division, progeny cells remain adjacent to each other,
large patches of cells are formed, all of which contain an
identical pattern of X-chromosome inactivation. Lesions
arising from two, three or more cells within a patch will
show the same pattern of X-chromosome inactivation
and, thus, appear monoclonal. This concept is a partic-
ularly important consideration when using very small
tissue samples obtained by microdissection. To avoid this
problem, Diaz-Cano et al. [6] have recommended the use
of sample sizes larger than 100 cells or 0.25 cm2. Since
we have used a large quantity of samples without
performing microdissection in the present study (see
Materials and methods), the possibility of pseudomono-
clonality resulting from the patch theory was quite low.
Hence, we conclude that fibrous dysplasia is monoclonal
in nature, which is indicative of a neoplastic process at the
origin.

No MSP products were obtained from one patient
sample (case 11). This seemed, however, to be the simple
result of DNA degradation during storage of the sample,
as a standard control PCR of this DNA using b-globin
primers also failed (data not shown).

Recent cytogenetic studies using short-term culture
have revealed chromosome abnormalities in some fibrous
dysplasias. Combined with previously published data, Dal
Cin et al. [4] observed various types of clonal karyotypic
aberrations, including trisomy 2 and rearrangements
involving chromosome 12, in 8 of 11 fibrous dysplasias.
Studies on fibrous dysplasia occurring in McCune-
Albright syndrome have revealed somatic mutations in
the gene encoding the a subunit of Gs protein (GNAS1),
suggesting that activation of this gene and subsequent c-
fos overexpression play a central role in the development
of these lesions [2, 25]. Recently, similar GNAS1
mutations have been found to occur in both monostotic
and polyostotic fibrous dysplasia [3, 16]. This combina-
tion of findings also indicates that fibrous dysplasia is,
indeed, truly neoplastic in nature, and the results obtained
in our present molecular analysis also provide strong
additional supportive evidence of this interpretation.

In summary, we report here the first PCR-based
evidence for a monoclonal and possibly neoplastic origin
for fibrous dysplasia. Together with several additional
lines of evidence [2, 3, 4, 16, 20, 25], our findings
strongly suggest that fibrous dysplasia should, in the
future, be regarded as a benign tumor of the bone.

Additional studies, however, with larger sample sizes will
be needed to conclusively prove our hypothesis.
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Abstract Injured pancreatic tissue, for example, after
duct ligation, undergoes remodeling, which involves the
replacement of exocrine acini by duct-like structures. This
acinoductal metaplasia is probably at least partly due to
transdifferentiation of amylase-positive, cytokeratin-20
(CK20)-negative acinar cells into amylase-negative,
CK20-positive duct-like cells. Due to the kinetics of
these phenotypic changes, however, it has not been
possible to demonstrate transitional stages of differenti-
ation, which would express both markers at the same
time. We took advantage of the fact that dexamethasone
treatment inhibits the loss of amylase from acinar cells to
demonstrate transitional cells co-expressing amylase and
CK20. This was found both in vivo, where duct-ligation
induced metaplasia, and in vitro, after isolation of acini.
In addition, we found evidence for an acinar-to-islet
conversion under the form of transitional cells co-
expressing amylase and insulin. These observations
strengthen the notion that fully differentiated cells, such
as exocrine pancreatic cells, retain the capacity to undergo
important phenotypic switches. This finding could have
applications in tissue engineering or cell replacement
strategies.

Keywords Pancreas · Islets of Langerhans · Stem cells ·
Metaplasia · Regeneration

Introduction

Adult pancreatic tissue retains the capacity to regenerate
or repair after injury. As in the case of several other
epithelial tissues, such as in the airways [10, 15],
pancreatic tissue repair proceeds through the dedifferen-

tiation of epithelial cells, followed by proliferation and re-
differentiation [3, 14]. The initial pancreatic tissue
remodeling that has been observed in different experi-
mental models and in pancreatitis generally includes
acinoductal metaplasia, i.e., the replacement of exocrine
acini by pseudo-ductal complexes. This involves apop-
totic elimination of part of the acinar cells, whereby
surviving acinar cells are thought to transdifferentiate into
duct cells and, thereby, participate in the formation of
ductal complexes [3, 4, 13]. This transition, however, is
difficult to prove from in vivo observations. In the in vivo
model of duct ligation-induced pancreas remodeling, we
found that acini are replaced by ductal complexes within
5 days following ligation, but we failed to demonstrate
transitional forms between acinar and ductal cells [25]. In
vitro, it has been demonstrated that acinar cells can adopt
a ductal phenotype [1, 12]. We studied a model of
acinoductal transdifferentiation from purified rat acinar
cells [21, 22]. In this culture model, acinar cells adopt a
ductal phenotype within 5 days of culture. We found that
specific cytokeratins represent good markers for ductal
differentiation, especially cytokeratin 20 (CK20) [5, 8, 9].
In vitro, acinar cells lose their expression of amylase and
zymogen granules (acinar markers) prior to expressing
CK20 protein [21]. Thus, we failed to demonstrate
transitional stages of differentiation that would be char-
acterized by the co-expression of amylase and CK20, both
in vitro and in vivo. For the present study, we found that
the synthetic glucocorticoid dexamethasone inhibits the
loss of amylase during acinoductal transdifferentiation.
We took advantage of this effect to look for transitional
stages of differentiation.

Materials and methods

Animals and animal procedures

Male Wistar rats of 250–300 g body weight (12 weeks of age) were
used (Janvier, Le Genest-St-Isle, France). Rats were subjected to
ligation of the exocrine ducts, draining the splenic half of the
pancreas, as described previously [25], and were sacrificed in
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groups of three after 5, 7 or 10 days. Head and tail parts,
representing respectively unligated and ligated parts, were pro-
cessed separately. In some of the animals, dexamethasone (Sigma,
Bornem, Belgium) was administered by daily subcutaneous injec-
tions of 0.5 mg/kg body weight. Experiments were approved by the
ethics committee of the Free University of Brussels.

Isolation and culture of exocrine cells

Pancreas tissue from normal rats was enzymatically dissociated;
acini were purified by centrifugal elutriation and cultured in
suspension, as described [21]. Dexamethasone was added to the
culture medium at a final concentration of 1 �M.

Immunohistochemistry of pancreas tissue and cell cultures

For immunohistochemical staining, pancreas tissue was fixed in
buffered 4% formaldehyde and embedded in paraffin. Sections of
4-�m thickness were immunostained with the streptavidin-biotin
method and reaction product was visualized with diaminobenzidine
as described [7, 25].

For double stainings, we used the indirect method with
fluorescein isothiocyanate (FITC)- and tetramethyl rhodamine
isothiocyanate (TRITC)-labeled secondary antibodies (Jackson
Immunoresearch, West Grove, PA). Primary antibodies used in
this study were polyclonal anti-insulin (C. Van Schravendijk, VUB,
Brussels) [7, 8], monoclonal anti-CK20 (Novocastra, Newcastle-
upon-Tyne, UK) [7, 8] and polyclonal anti-alpha-amylase (Sigma,
St-Louis, MO). Controls consisted of omitting the primary antibody
or of substituting it with irrelevant mouse IgG or diluted serum and
resulted in complete absence of staining. For cell cultures, the cells

were fixed, pelleted in agarose and processed in the same way as
for tissue [21].

Results

In vivo observations

Duct ligation results in a conversion of the original acinar
exocrine tissue into ductal complexes within the ligated
part of the pancreas [22, 25]. This conversion is complete
after 5 days post-ligation. The epithelial cells of the ductal
complexes stain negatively for the acinar cell marker
amylase and positively for the CK20-marker of duct cells
(Fig. 1A, B). However, in dexamethasone-treated ani-
mals, amylase immunoreactivity was retained in the
ductal complexes (Fig. 1C, D). Furthermore, these
amylase-positive cells from the ligated part co-expressed
CK20 after dexamethasone treatment (Fig. 2). Original
intra- or interlobular ducts that were recognizable by their
larger size were amylase negative and CK20 positive
(Fig. 2). In the unligated part, co-expression of amylase
and CK20 was never observed. There, acini retained their
normal amylase immunoreactivity and remained CK20
negative. This phenotype was maintained until the end of
the experimental period of 10 days. Dexamethasone
treatment did not modify this normal immunostaining
pattern in the unligated part of the pancreas. These

Fig. 1 Immunohistochemical
staining for amylase (A, C) or
cytokeratin 20 (B, D). A, B
Ligated control pancreas
(7 days). C D Ligated, dexa-
methasone-treated pancreas
(7 days; 0.5 mg/kg/day). Bar
60 �m
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observations demonstrate transitional stages of differen-
tiation between acinar and duct-like cells in ligated
pancreas.

We also found cells immunoreactive for both amylase
and insulin, indicating the occurrence of transitions from
acinar to islet cells in the duct-ligated pancreas (Fig. 3).
Such transitional cells were not found in untreated
animals, nor in the heads of duct-ligated animals that

had received dexamethasone, nor in duct-ligated animals
that did not receive dexamethasone.

In vitro observations

When cultured in suspension in the absence of dexa-
methasone in the culture medium, acinar cells had lost
amylase immunoreactivity after 4 days of culture
(Fig. 4A). However, in the presence of dexamethasone
in the medium, the cells remained amylase positive
(Fig. 4C). These cells started to co-express the ductal
marker CK20 from 5 days of culture (Fig. 4B, D). The
cells maintained this phenotype until 10 days, when the
cultures were stopped. Most cells co-expressed amylase
and CK20 as seen by double immunofluorescence
staining (Fig. 5). Thus, also in vitro, dexamethasone
partially inhibits the acinoductal transdifferentiation,
leading to cells that express markers of both cell types.
These cultures contained very few insulin-positive cells
and no amylase–insulin double-positives were noticed.

Discussion

In this study, we present immunohistochemical evidence
for acinoductal transdifferentiation. Although we demon-
strated this event previously in an in vitro model, we
failed to provide direct evidence for such a transition from
acinar to ductal cells in vivo. This was due to the
sequential order in which amylase expression is first lost
(by the fourth day of culture), and CK20 expression starts
(1 day later) [21]. Amylase is a well-known acinar cell
marker, and CK20 has been shown to represent a very
good marker of duct cells [5, 8, 9]. Dexamethasone is
known to stimulate amylase expression in acinar cells [16,
19, 24]. This explains our observation that dexamethasone
interfered with the normal loss of amylase during
acinoductal transdifferentiation both in vivo and in vitro.
The cells retained amylase immunoreactivity during the
formation of ductal complexes in vivo or duct-like
aggregates in vitro, due to the effect of dexamethasone.
They gained expression of the CK20 ductal marker as a
result of partial transdifferentiation induced by the

Fig. 2 Double immunofluorescence staining for amylase (A) and
cytokeratin 20 (B) showing double-positive transitional cells (ac)
and an amylase-negative original duct (du). Ligated, dexametha-
sone-treated pancreas (7 days; 0.5 mg/kg/day). Bar 10 �m

Fig. 3 Double immunofluorescence demonstration of amylase and
insulin in an acinoinsular transitional structure of a duct-ligated
dexamethasone-treated pancreas (7 days; 0.5 mg/kg per day). A

Amylase in green fluorescence. B Insulin in red fluorescence. C
Amylase + insulin in yellow (double) fluorescence. Bar 10 �m
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ligation or isolation conditions. We can rule out the
possibility that dexamethasone induced de novo expres-
sion of amylase in duct cells, first, because ducts outside
the ductal complexes in the ligated part of the pancreas, as
well as in the unligated part, were amylase negative and,
second, because in vitro, more than 90% of the cells were
acinar cells at the start of the culture, and there was no
proliferation of contaminating centroacinar or ductular
cells [21].

Interestingly, we also observed cells containing amy-
lase and insulin in dexamethasone-treated duct-ligated
rats. We have previously shown that islet neogenesis is
induced in duct-ligated pancreas and that transitional cells
can be seen that contain CK20 and insulin, but we did not
notice amylase–insulin double-positive cells [24]. How-
ever, others have reported amylase–insulin co-expressing
cells at an early stage after duct ligation, when there is
still expression of amylase [2], and in interferon-gamma
transgenic mice, where islet neogenesis is also induced
from ductal complexes [11]. We showed that cultured
acinar cells start to express the beta-cell marker and

Fig. 4 Immunohistochemical staining for amylase (A, C) or cytokeratin 20 (B, D) in isolated exocrine acini after a culture period of
approximately 1 week. A, B Control without dexamethasone. C, D In the presence of dexamethasone (1 mM). Bar 60 �m

Fig. 5 Double immunofluorescence staining for amylase (A) and
cytokeratin 20 (B) in isolated exocrine acini after a culture period
of approximately 1 week in the presence of dexamethasone (1 mM).
Bar 10 �m
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insulin-transactivating transcription factor Pdx-1 and the
islet cell marker PGP9.5 [21]. Acinar to beta cell and
acinar to ductal cell transdifferentiation was also demon-
strated in the rat during prolonged hyperglycemia [18].
Glucocorticoid treatment is known to increase the beta
cell mass secondary to insulin resistance [17]. Whether
the new beta cells originate from acinar, ductal or beta
cells, themselves, is not yet clear.

These observations demonstrate that acinar exocrine
cells can transdifferentiate to islet endocrine cells as
suggested previously [6, 23] and as demonstrated for an
acinar tumor cell [20]. This plasticity of acinar cells
indicates that they can be considered as a kind of multi-
potential progenitor cell.
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Abstract Mucus overproduction from goblet cells, a
characteristic feature of the allergic asthmatic inflamma-
tion induced by ovalbumin (OVA) in mice, was examined
morphologically. In OVA-untreated (normal) mice, there
were no goblet cells in intrapulmonary bronchus and
bronchiole. However, goblet cells with or without hyper-
plasia in the mucosa of inflamed bronchus–bronchiole
were recognized in the allergic asthmatic mice. The non-
ciliated epithelium containing electron lucent granules
(mucus) showed many similarities to Clara cells, which
have characteristic secretory granules and many mito-
chondria, except for the less-developed smooth endoplas-
mic reticulum seen in normal mice. Ciliated Clara cells
with or without mucus were rarely recognized. In
addition, mucus was found in neither ciliated nor basal
epithelium. The present study suggests that goblet-cell
metaplasia in the bronchus and bronchiole of inflamed
mucosa may be derived, at least in part, from Clara cells.

Keywords Goblet cell · Clara cell · Metaplasia ·
Differentiation · Mouse asthma

Introduction

Airway hyperresponsiveness, eosinophil recruitment into
peribronchial walls and mucus overproduction in bron-
chial epithelial cells characterize allergic asthma [3, 5, 6,
10, 11, 18, 21, 25]. Mucus production by goblet cells in
local bronchial–bronchiolar lesions causes airway mucus
plugging [22]. Differences exist between mouse and
human airway epithelia, including stem cell/plasticity
capabilities and cellular composition (e.g., goblet cells
and Clara cells) [23]. Clara cells represent the most

abundant secretory cell type of both proximal and distal
airways in the lungs of rodents, whereas Clara cells are
the most abundant cells of the distal airway in humans [1,
15, 16]. Thus, goblet cells at distal sites are considered to
be metaplasia from Clara cells in human asthma [8].
However, there are no goblet cells in the intrapulmonary
bronchus and bronchiole of normal mice [15, 16]. This
suggests that goblet-cell metaplasia may occur in the
intrapulmonary airway in a mouse model of asthma.
Though numerous studies of asthma using a mouse model
have been reported [3, 5, 6, 10, 11, 18, 21, 25], an in vivo
ultrastructure study has not yet been reported in murine
models of allergic asthma. The aim of the present study
was to clarify the cell type morphologically responsible
for the goblet-cell metaplasia that occurs in the late-phase
allergic asthmatic airway inflammation, induced by
ovalbumin (OVA), in mice.

Materials and methods

Specific pathogen-free 25-week-old female DBA/1 J mice (Kyudo,
Saga, Japan) were used. Animal experiments described in this study
were approved by the Animal Research Ethics Board of the Faculty
of Agriculture at Yamaguchi University.

Asthma model and sampling

The sensitization and challenge procedure was performed by the
simple modification of the method described previously [6]. In
brief, the mice (n=10) were sensitized intraperitoneally (i.p.) by the
injection of 20 �g OVA (Grade V; Sigma, St. Louis, MO, USA) in
2.0 mg aluminum hydroxide (Alum, SERVA, Heidelberg, Ger-
many) adjuvant (OVA/Alum), which was suspended in 0.1 ml
phosphate-buffered saline (PBS; pH 7.2), on day 0 and boosted i.p.
with 20 �g OVA/Alum on day 10. On day 14, 4 days after the
second sensitization, 200 �g OVA in 50 �l PBS was challenged
intranasally under a mixture of ketamine (45 mg/kg BW; Sankyo
Co., Tokyo, Japan) and xylazine (8 mg/kg BW; Bayer Co., Tokyo,
Japan) anesthesia i.p. On day 18, 4 days after the challenge, the
mice were sacrificed and lungs were obtained for histology and
electron microscopy. Lungs were also obtained from OVA-
untreated normal age-matched female DBA/1 J mice (n=5).

Lungs (asthmatic, n=6; normal, n=3) were fixed in 10% neutral
buffered formalin (pH 7.4), and 4-�m-thick sections of the left
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Fig. 1 Normal (a and b) and allergic (c and d) asthmatic mice.
Normal bronchus shows no goblet cells (a), and non-ciliated
epithelium contains a few fine granules stained with toluidine blue
(TB) (b, arrow heads). In bronchial lesions, there are desquamated
epithelial cells and mucus within bronchial lumen, hyperplastic

goblet cells, infiltration of bronchus mucosa with eosinophils and
lymphocytes with edema and hypertrophy of smooth muscles (c)
and increased number and size of granules compared with normal
mice in an allergic asthmatic mouse (d, arrowheads). a, c
Hematoxylin & eosin, �200. b, d TB, �450
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lungs were prepared from paraffin wax-embedded tissue and
stained with hematoxylin and eosin, alcian blue (AB) at pH 2.5 and/
or periodic acid-Schiff (PAS). A part of the left lungs (asthmatic,
n=4; normal, n=2) was immersed in glutaraldehyde at 4�C for 2 h.
The tissues were then post-fixed in 2% osmium at 4�C for 2 h,
dehydrated in graded ethanols at 4�C and embedded in araldite. The
orientation of the blocks was achieved by examining 1-�m sections
stained with toluidine blue (TB). Ultra-thin sections were made and
stained with uranyl acetate and lead nitrate, and intrapulmonary
bronchus and bronchioles were observed using electron microscopy
(JEM-100CX II, Tokyo, Japan).

Results

Light microscopy

In OVA-untreated (normal) mice, the epithelium of the
intrapulmonary bronchus–bronchiole consisted of a single
columnar epithelial cell layer (Fig. 1a). There were no
goblet cells characterized by packed AB/PAS-positive

granules (mucus), and they also lacked submucosal
glands. A few small PAS-positive and AB-negative
granules were observed in the non-ciliated epithelial
cytoplasm. A few fine granules, which corresponded with
PAS-positive granules, stained with TB in semi-thin
sections were observed in the apical site of the non-
ciliated epithelium (Clara cells) in normal mice (Fig. 1b).

In most allergic asthmatic mice, there was severe
infiltration of eosinophils and lymphocytes with edema-
tous changes in bronchial–bronchiolar mucosa and walls
as well as sloughed and destructed hypertrophic epithelial
cells mixed with some eosinophils and lymphocytes.
Discharged mucus filled in the bronchial–bronchiolar
lumens. In general, inflammatory lesions in bronchus
(Fig. 1c) were more severe than those in bronchiole.
Epithelium with or without hyperplasia contained AB/
PAS-positive neutral and acidic mucus. In hyperplastic
lesions, non-ciliated cells increased, whereas there was no
increase or reduction in the number of ciliated cells.
Hypertrophic smooth muscle, thickness and destruction of
basement membrane were observed in most cases. There
was severe perivascular infiltration of eosinophils and
lymphocytes with proliferation of endothelial cells in
small arteries, and a few mast cells were detected in the
bronchus–bronchiole mucosa using TB staining. An
increased number and size of fine granules (Fig. 1d)
stained with TB in the apical site or scattered in the
cytoplasm of the non-ciliated epithelium were observed.

Electron microscopy

In normal mice, there were mainly three cell types in the
epithelium of the intrapulmonary bronchus and bronchi-
ole: ciliated, non-ciliated and basal (Fig. 2). The epithe-
lium was reduced in thickness in the more distal airways.
Both the ciliated and non-ciliated (Clara) cells adhering to
neighboring cells by desmosomes were seen equally
throughout the bronchus and bronchiole (Fig. 2a). Clara
cells with or without a few short microvilli, but with no
cilia, had a lot of smooth endoplasmic reticulum (s.e.r.)
and mitochondria, appearing dark with a few or no
cristae. A few round, homogeneous fine electron-dense
secretory granules (S.G.) (Fig. 2a, b), which do not have a
clear membrane bound, corresponding to fine granules
stained with TB (to a varying degree) were also located
most regularly in the apical portion of Clara cells. In some
Clara cells, S.G. appeared to be in the process of extrusion
into the lumen of the airway by merocrine and apocrine
secretions (Fig. 2a, b). Compared with other two-cell
types of epithelium, basal cells, which are small polyhe-
dral cells on the basement membrane, were few and
distributed throughout the bronchus and bronchiole and
adhered to neighboring cells by desmosomes. The nucleus
occupied a large portion of the cells with tonofilaments
having a few organella (Fig. 2c).

In the allergic asthmatic mice (Fig. 3, Fig. 4, Fig. 5,
Fig. 6, Fig. 7, Fig. 8, Fig. 9), hypertrophic epithelial cells
increased in their size with or without hyperplasia.

Fig. 2 Ciliated and non-ciliated (Clara) cells can be seen equally in
the bronchus of a normal mouse. Merocrine (a, small arrow and b,
enlargement of small arrow of a) and apocrine secretion (a, big
arrow) of electron-dense secretory granules are also recognized in
Clara cells having many mitochondria and developed smooth
endoplasmic reticulum. A basal cell (c) located adjacent to
basement membrane. Arrowheads BM basement membrane, L
lumen. a and c �2,500, b �10,000
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Widening of intercellular spaces in epithelium with
(Fig. 3) or without (Fig. 4) infiltration of eosinophils
was observed. Sometimes degranulation of specific
granules of eosinophils was observed. Destructed epithe-
lial cells (Fig. 3c, Fig. 4) and basement membranes were
also observed. Hyperplastic Clara cells had varying
degrees of typical S.G., many mitochondria and less-
developed s.e.r. (Fig. 5a). Clara cells with S.G., but not
ciliated cells (Fig. 5b, c), contained electron lucent
granules (mucus). In those cells, S.G. were secreted by
merocrine (Fig. 5b) and apocrine (Fig. 6a), as seen in
normal mice, and mucus was secreted by merocrine
(Fig. 6b). In addition, basal cells did not have mucus

(Fig. 6c). Though developed s.e.r. is one characteristic
feature of Clara cells, in general, Clara cells with S.G.
containing mucus had less-developed s.e.r. (Fig. 5, Fig. 6,
Fig. 7, Fig. 8, Fig. 9). There was no correlation between
number of S.G. and number of mucus granules (Fig. 7).
Also, hyperplastic epithelium, which lacks characteristics
of ciliated and basal cells, resembling Clara cells with a
few or no S.G. (Clara-like cells) was observed in
bronchial (Fig. 8) and bronchiolar lesions. In addition,
ciliated epithelial cells having S.G. with or without mucus
were rarely seen (Fig. 9).

Fig. 3 Partial widening of the intercellular space (a, arrow), detached epithelium
from destructed basement membrane (b, star mark) and destruction of epithelial cells
(c, star mark) with infiltration of eosinophils are seen. Arrowheads basement
membrane, L lumen. a �1800, b �2900 and c �3600

Fig. 4 Destruction of an epithelial cell (star mark)
and partial widening of the intercellular space
(arrow) are seen in an inflamed area of the
asthmatic mouse. Hypertrophic smooth muscle
cells and edema are also seen in bronchial wall.
Arrowheads basement membrane. �2500
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Discussion

Mucus-secreting cells (goblet cells), which do not exist in
intrapulmonary bronchus and bronchiole in normal mice
[15, 16], developed in the bronchial–bronchiolar lesions
with infiltration of lymphocytes and eosinophils in the
late allergic asthmatic model of mice [6]. In the allergic
asthmatic mice, the mucus containing non-ciliated epi-
thelial cells showed many similarities to Clara cells in
normal mice, since they lack cilia and have S.G. secreted
by merocrine and apocrine fassion [20] as well as many
mitochondria with poorly developed cristae [1, 15, 25]. In
addition, mucigen granules, which are stained with AB/
PAS corresponding to electron lucent granules, secreted
by merocrine fassion [1, 15, 25] were observed in these
cells. Moreover, there was no evidence of basal cells and
ciliated cells with mucus. It seems likely, as it has been
shown from in vitro and in vivo studies, that Clara cells
have a capacity to differentiate into goblet cells [2]
directly via activation of epidermal growth factor receptor

(EGRF-R) cascade in tracheal epithelium in a rat model,
suggesting that EGRF-R activation may promote selective
cell differentiation (not proliferation), from Clara cells to
goblet cells [9, 12]. Therefore, goblet cells may, at least in
part, be differentiated from Clara cells directly in this
model.

Rarely were Clara cells with cilia observed. First,
ciliated epithelium may be differentiated from Clara cells.
It is possible, since Clara cells isolated from rabbit lungs
differentiated into ciliated cells [7]. In addition, some
Clara cells with cilia contained mucus. This suggests that
goblet-cell metaplasia may occur after differentiation of
Clara cells into ciliated epithelial cells. It is possible,
since some Clara cells having cilia without mucus
isolated from rabbit lung were shown to differentiate into
ciliated cells [7].

Hyperplasia of Clara and Clara-like cells was found. It
has been suggested that pulmonary neuroendocrine cells
serve as a pluripotent stem cell population, capable of
regenerating Clara cell progenitors in injured asthmatic

Fig. 5 Hyperplastic non-ciliat-
ed epithelial (Clara) cells hav-
ing secretory granules (S.G.)
and developed smooth endo-
plasmic reticulum (s.e.r.) (star
marks) without mucus are seen
(a). Clara cells with S.G. having
many mitochondria and less-
developed s.e.r. contain electron
lucent granules (mucus, small
arrow), and ciliated cells have
no mucus in an allergic mouse
(b). S.G. (big arrows, b) and
merocrine secretion (long ar-
row, b) and enlargement of S.G.
are seen (c). Arrowheads base-
ment membrane, L lumen.
�2500
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lung [13, 14, 17]. In re-population of airway after injury, a
morphological derivative of the Clara cell, referred to as a
type-A cells, lack the differentiated ultrastructural fea-
tures, such as s.e.r. and S.G., that are characteristic of
mature Clara cells [4]. Thus, Clara-like cells in the
present study, which lack a characteristic feature, such as
type-A cells, may be immature Clara cells. One possibil-
ity is that Clara-like cells are considered to be differen-
tiated from neuroendocrine cells. However, the present
study demonstrates that goblet-cell metaplasia was ob-
served in bronchus other than terminal bronchiole,
suggesting that the origin of Clara cells may not be
neuroendocrine cells, since those cells are only located in
terminal bronchioles [13, 14, 17]. Also, it has been
suggested that involvement of the neuroepithelial cells is
not yet conclusive in the origin of re-population after
injury in the airway [14]. Therefore, hyperplastic Clara-
like cells may be derived from immature Clara cells at the
site of the bronchus and bronchiole, and, thereafter,
goblet-cell metaplasia may occur in Clara cells indirectly.
It is possible, since proliferative ability of immature Clara
cells has been reported [13]. In addition, it has been
reported recently that interleukin (IL)-9 in airway injury
repair resulted in goblet-cell hyperplasia in murine

models of asthma [23], and IL-13 may be responsible
for mucus overproduction [25]. Further studies are needed
to clarify the origin of goblet cells other than Clara cells
and the involvement of cytokines in goblet-cell metapla-
sia and hyperplasia.

In the allergic asthmatic mice, increased S.G., which
are identical to Clara cell secretory (specific) protein
(CCSP), were seen [19]. As shown here, Clara cells
having increased S.G. (CCSP) with or without mucus
suggests no relationship between increased CCSP and
formation of mucus granules. The significance of in-
creased CCSP in allergic status may be the result of
protection against injurious agents in environmental air
[24].

In conclusion, the present ultrastructural study sug-
gests that goblet-cell metaplasia may be differentiated
from Clara cells directly or indirectly in the late-phase
allergic airway inflammation in a mouse model of asthma
in vivo. Also, mucus hyperproduction is an important
finding in chronic bronchitis, cystic fibrosis and bronchi-
ectasis in humans [22]. Thus, our findings provide
information for analysis of mucin production from goblet
cells in an animal model of respiratory diseases.

Fig. 6 Hyperplastic epithelia are recognized in an allergic asth-
matic mouse. Some Clara cells having secretory granules contain
mucus (star mark), and apocrine secretions are visible (long arrow)

(a). Merocrine excretion of mucus (long arrow) and mucus (short
arrow) are recognized (b). A basal cell (star mark) has no mucus.
Arrowheads basement membrane, L lumen. a and c �1700, b �4500
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Abstract Transplantation of retinal pigment epithelial
(RPE) cells is discussed as a possible therapeutic
approach for retinal degeneration. Xenogeneic transplan-
tation of human RPE cells in animal models has been
studied extensively. Various methods have been used to
identify the graft cells, but these methods interfere with
cell behaviour so that the monitored physiological post-
transplantation course may be influenced. In the present
study, we applied a method for an unequivocal identifi-
cation of the graft cells without interfering cell metabo-
lism or behaviour using in situ hybridisation (ISH) of
human specific Alu sequences. Visualisation of the strong
extended nuclear signal of Alu sequences was much
easier than that of the small nuclear signals of donor-
specific sex chromosome probes. With Alu probe, even
single graft cells can be identified and their development
can be observed in short-term and long-term studies. With
this procedure, we could prove that donor cells were
injected correctly into the subretinal space by a special
injection technique that we developed previously. In
combination with immunohistochemistry, donor cells
could be clearly discriminated from macrophages, which
contained phagocytosed donor cell fragments. Applica-
tion of these ISH methods for species-specific identifica-
tion was valuable for follow-up-studies of RPE
transplantation.

Keywords Retinal pigment epithelium ·
Xenotransplantation · Alu sequences · Human specific
sequences · Microscopical graft cell detection

Introduction

Inherited or acquired abnormalities of retinal pigment
epithelium (RPE) are causally related to several types of
clinically important retinal dystrophies, e.g. age-related
macular degeneration (AMD) [17] or certain forms of
retinitis pigmentosa [8]. In the Western world, 20% of the
people aged over 65 years are affected; thus, AMD has
become the major cause for blindness [26, 30]. Current
therapeutic strategies focus on treatment of symptoms and
side effects, such as excision of choroidal neovascular-
isation membranes or laser treatment, but causally acting
therapies do not exist thus far. Transplantation of RPE
cells may provide a promising therapeutic approach to
treat these retinal degenerations. Transplanted cells may
be native, cultured or even genetically modified. Exper-
imental cell transplantation in animal models has been
studied extensively, and first transplantations in humans
have already been performed [22]. While some short-term
experiments yielded results that indicate integrity of the
transplants and a therapeutic success, i.e. a delay of the
recipients’ retinal degeneration [21], most of these studies
are lacking unequivocal identification of the transplanted
RPE cells to provide a solid base for follow-up studies.

In former studies, various methods were used to
identify the transplanted RPE cells. Some investigators
chose an albinotic animal model and identified the
transplanted RPE cells by pigmentation [9, 10, 12, 28].
Other groups used cells that phagocytosed carbon parti-
cles before transplantation to enhance pigmentation [5, 6].
Other methods tested were fluorescence dyes [3, 4, 12,
27], labelled nucleotides with 3H-thymidine [14, 27] or 5-
bromodesoxyuridine [29, 31] or transfecting graft cells
with green fluorescent protein- or LacZ-encoding genes
[11, 16]. Table 1 shows these various methods and their
disadvantages. None of these methods is practicable for
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long-term studies, and most of them had influence on cell
behaviour or metabolism.

Besides the disadvantage of influencing cell behaviour
using these methods, clear identification of transplanted
pigment epithelium is questionable, since host macro-
phages may resemble graft cells after phagocytosis of
transplanted donor cells or cell fragments. This is of
relevance, as, in fact, phagocytic infiltration and degen-
eration of graft cells after allo- or xenogeneic RPE cell
transplantation have been demonstrated [2, 23]. The
reasons for such inflammatory processes, including
rejection phenomena, remain to be clarified.

In summary, the following critical points are a
prerequisite for successful graft cell identification: (1)
the identification method should be sensitive and detect
even single cells, as the number of graft cells may be very
low after transplantation; (2) the method should not
disturb the physiology of the graft RPE cells; (3)
degenerated and phagocytosed graft cell fragments should
be distinguishable from well-preserved graft cells. Ac-
cording to former studies, these demands are of major
importance.

In the present study, we transplanted human retinal
pigment epithelial cells into various rat tissues, including
the subretinal space [19]. Two in situ hybridisation (ISH)
procedures (on human sex chromosomes and on human-
specific Alu sequences) to discriminate grafted human
cells from recipient animal cells were compared. Here, we
describe the establishment of a method to specifically
identify normal non-pretreated transplanted human RPE
cells in the rat subretinal space using in situ hybridisation
and detection of human Alu DNA sequences. In addition
to the above-mentioned methodical points, the aim of this
study was to investigate whether the transplanted cells
could, indeed, be localised in the appropriate subretinal
space using the applied experimental model. With this
specific method to detect human donor cells and to
discriminate them from recipient macrophages, single
cells in the recipients’ subretinal space could be identi-
fied. Thus, the dimension of donor cell loss and host
macrophage invasion after xenogeneic transplantation
without immunosuppression could be examined, provid-
ing a relevant base for subsequent follow-up studies. In

principle, this sensitive and selective staining technique of
human donor cells may also be applied to other xenoge-
neic transplantation models.

Materials and methods

Preparation of human ocular donor tissues

After removal of the corneoscleral disc from three donor eyes for
organ culture according to B�hnke [1], one eye was prepared for
histological examination according to the method of Naumann [15].
The other two eyes were used for preparation of ciliary body and
retinal pigment epithelium. For this purpose, the anterior uveal
segment was dissected and iris and lens were removed to leave the
fragmented ciliary body for transplantation purposes. Retinal
pigment epithelium was isolated using mechanical preparation of
the choroid and subsequent incubation of the choroidal sheets in a
trypsin solution [trypsin/ethylene diamine tetraacetic acid (EDTA)
0.02%/0.05%; Invitrogen] for 10 min at room temperature. The
enzymatic reaction was stopped by adding an equal volume of fetal
calf serum (FCS; Seromed). The procedure was repeated two times,
the cell suspensions were combined and centrifuged at 100�g for
5 min. The supernatant was discarded, the cells were washed once
with phosphate-buffered saline (PBS), centrifuged again, and the
pelleted cells were instantly used for transplantation. The state of
the cells in general was assumed to be appropriate for transplan-
tation, as from past experience we know that cells isolated by this
procedure were also able to grow in cell culture, which proves their
vitality. Nevertheless, we know that, depending on post mortem
time, some of the cells will not be able to integrate.

Animal experiments

Five Royal College of Surgeons (RCS) rats of the congeneic pink-
eyed, wild-type rat strain served as experimental animals for
transscleral transplantation of RPE cells into the subretinal space
and for obtaining rat liver specimens. These rats spontaneously
develop a severe retinal dystrophy, rendering them as a model for
human retinal dystrophies [13]. The animals were kindly provided
by E. El-Hifnawi, Medical University of L�beck, Germany, and
held free from common pathogens. The experiments followed the
guidelines of the ARVO (Association of Research in Vision and
Ophthalmology) statements of the Use of Animals in Research and
the NIH “Principles of laboratory animal care”. For each exper-
iment, the animals were anesthetised by intraperitoneal injection of
ketamine hydrochloride (80 mg/kg; Parke Davis) and xylazine
hydrochloride (10 mg/kg; Bayer) after sedation by ether inhalation
(ASID Bonz).

Four RCS rats received subretinal human RPE cell xenografts
according to a procedure previously developed by our group [24].

Table 1 Various methods to
identify donor retinal pigment
epithelial cells and their disad-
vantages. GFP green fluores-
cent protein

Former methods of identification Disadvantages

Pigmentation Secondary pigmentation of recipient pigmented
macrophages after phagocytosis

Phagocytosis of carbon particles before
transplantation

Marked macrophages after phagocytosis
Marker is not permanently bound to cellular structures

Fluorescence dyes before transplantation Non-specific staining and time-dependent bleaching
Marked macrophages after phagocytosis

3H-thymidine and BrdU Depends on mitosis
Non-specific
Radioactivity may influence cell behaviour

Transfection with GFP-/LacZ-encoding
genes

Transfection may influence cell behaviour
Sensitivity, some cells do not express GFP/LacZ

Sex chromosome in situ hybridisation Small dot-like signals are sometimes difficult to detect
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In brief, after anaesthesia of the animals, a canthotomy was
performed, and the conjunctiva was dissected. The eyebulb was
mechanically fixed at the eye muscles and a scleral incision was
made close to the superior limbus. Approximately 10 ml of pelleted
RPE cells were aspirated into a subretinal cannula (Visitec No.
5178), which was connected to an oil-hydraulic microinjection
pump (Celltram Oil pump; Eppendorf). The cannula was inserted
into the scleral wound and gently pushed forward until a slight
bleeding indicated the penetration of the choroid. Then the cells
were slowly injected into the subretinal space until the ejected fluid
created a visible subscleral bleb. The needle was then removed and
the subretinal bleb was marked with sterile tissue adhesive
(Tissucoll Duo S; Baxter) stained with autoclaved tissue marker
(Davidson Marking System green; Bradley Products Inc.). The
sclera and the canthotomy wound were closed using a suture (10–0
Ethilon; Ethicon). The eyes were treated with gentamycin eye drops
(Ursapharm). As shown in Fig. 2a, most of the injected cells were
localised in aggregates at the correct subretinal site. However, in
addition, easily visible cell complexes single scattered transplanted
cells undetectable by conventional histological methods may be
deposed after dilution in a larger three-dimensional area extended
around the injection site. The animals were anaesthetised again as
described above 1 day, respectively, 1 month after transplantation
and killed with an overdose of CO2 in order to enucleate the eyes.
The enucleated eyes were fixed with 4% paraformaldehyde in
0.1 M PBS (pH 7.4) at room temperature for 12 h with the medial
and lateral eye poles cut off to allow easy penetration of the
fixative.

For comparison and control of the marker procedure, selective
staining of transplanted cell suspensions was compared with
staining of implanted entire human tissue specimens. For this
purpose, the fifth rat was anaesthetised and killed as described
above. One eye bulb was enucleated and an incision was made into
the eye close to the limbus. A fragment of human ciliary body was
transferred into the anterior chamber of the enucleated eye bulb,
and the incision was closed with tissue adhesive. Furthermore, a
piece of liver (maximal diameter approximately 1 cm) was
explanted from this animal. Then, a 0.6-mm3-sized flap was cut
out of the explant, human RPE cell suspension was injected into the
gap using an Eppendorf pipette and injected cells were fixed within
the tissue with tissue adhesive. Eye and liver tissue were then fixed
in 4% paraformaldehyde in 0.1 M PBS (pH 7.4) for 48 h.

Preparation of histological specimens

After fixation, the tissues were embedded in paraffin according to
routine procedures. Serial sections of the liver 4-�m thick and the
globes were cut through the centre of the grafted area parallel to the
inferior-posterior axis and mounted on Superfrost slides. Each tenth
section was stained with periodic acid-Schiff (PAS). At each level,
subsequent sections were used for in situ hybridisation on X and Y
chromosomes or Alu sequences, respectively, or for immunohisto-
chemical procedures. The stained sections were evaluated using
light microscopy and photographed.

In situ hybridisation of X and Y chromosome

Deparaffinised sections mounted on Superfrost slides were pre-
treated with 0.01 M citrate buffer pH 6.0 (2 min microwave),
sodium thiocyanate (6.49 g/100 ml A. dest., 10 min at 80�C) and
pepsin digestion (1–4 mg/ml, 3–8 min at 37�C). The time of
protease digestion has to be tested in advance, particularly as retinal
tissue includes different cell types with very different sensitivities
to protease treatment. We checked tissue integrity after every
minute of ongoing digestion using light microscopy and performed
the final assay with 3 mg/ml (180 mg Pepsin, 48 ml A. dest., 12 ml
1 N HCl) for 3 min and 5 min. The DNA strands were denaturated
at 80�C for 30 min on a heating plate. A human-specific
digoxigenin-labelled X, respectively, Y probe (Qbiogene) was
applied for hybridisation (overnight at 37�C) in a humidity box.

The probes were incubated under coverslips fixed with rubber
cement. After removal of the coverslips, washing [2� sodium saline
citrate (SSC) with 50% formamide, 15 min at 40�C] and inhibition
of endogenous peroxidase with 3% H2O2 (10 min at room
temperature), proteins were blocked with normal goat serum
(Dako, 45 min at room temperature). Bound probe was detected by
the following sequence: mouse-anti-digoxigenin (Boehringer),
biotin-labelled goat-anti-mouse serum (Dianova) and streptavi-
dine-peroxidase (Dianova), each for 30 min at 37�C. Peroxidase
activity was detected by 3,30diaminobenzidine (DAB) (Dako,
10 min in the dark). The sections were counterstained with
haemalaun and mounted in Eukitt�.

ISH of human Alu sequences

Standard protocol

Sections were deparaffinised in xylene, rehydrated in graded
ethanol series and air dried. The tissue was treated with 100 �g/ml
proteinase K (Boehringer) in TES pH 7.4 (10 mM Tris, 10 mM
NaCl, 1 mM EDTA) for 5 min at room temperature and dried from
ethanol. A 20-�l fluorescein-labelled Alu probe (BioGenex) was
added, and coverslips were fixed with rubber cement. Sections were
denaturated on a heating plate at 95�C for 10 min. For hybridisa-
tion, the sections were incubated at 37�C overnight in a humidity
box. The rubber cement and the coverslips were removed and the
sections were washed in TBS pH 7.6 (50 mM Tris, 150 mM NaCl).
After inhibition of the endogenous peroxidase with 3% H2O2 and
the use of a protein block, signal amplification was achieved using
an anti-fluorescein antibody and biotinylated F(ab)2 fragments
followed by enzyme-streptavidin label, exactly according to
instructions of the manufacturer (BioGenex, Super Sensitive ISH
Detection System). Visualisation was performed by 3-amino-9-
ethylcarbazole (AEC)- or DAB-chromogen. The sections were
counterstained with haemalaun and mounted in glycerin/gelatin or
Eukitt�.

Modified protocol

In some cases, we modified this protocol, as the endogenous
pigment of the RPE cells could easily be mistaken for DAB-stained
dots, and vice versa, particularly in areas with high cellularity. To
discriminate endogenous pigment in RPE from the histochemical
reaction product, the deparaffinised sections were depigmented by
0.25% KMnO4 for 5–10 min and cleared in 5% oxalic acid before
proteinase K treatment. The extension of depigmentation is critical
for cell morphology, as complete depigmentation may artificially
decrease preservation of the cells. Thus, sometimes compromise
between complete depigmentation and acceptable morphology is
inevitable. The Alu probe was diluted 1:10 in hybridisation mixture
[13 ml formamide, 4 ml dextransulphate, 1 ml salmon sperm DNA,
2 ml 20�SSC (pH 7.0, 150 mM NaCl, 15 mM Na-citrate-
dihydrate)]. A stringent washing procedure was performed accord-
ing to Jensen et al. [7] using SSC with 0.1% sodium dodecyl sulfate
(SDS): 2�SSC/0.1% SDS for 2�5 min at room temperature,
0.1�SSC for 10 min at 40�C, 2�SSC/0.1% SDS for 5 min at room
temperature.

Immunohistochemical marker reaction on rat macrophages

A mouse-anti-rat monoclonal antibody (mAb clone ED1; Serotec),
which was detected by using the standard APAAP (alkaline
phosphatase/anti-alkaline phosphatase) method (Dako), was used to
identify rat macrophages. This antibody recognises a glycoprotein
predominantly expressed on lysosomal membranes. The protocol
has been optimised by testing sections of rat spleen. The sections
were deparaffinised, rehydrated and treated with proteinase K
(100 �g/ml TES, pH 7.4, for 10 min at room temperature). After
proteinase K was blocked with absolute ethanol, the slides were
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covered with normal pig serum (1:20 with TBS pH 7.6, for 10 min
at room temperature). Sections were then incubated with primary
antibody [(mouse anti-rat ED1, 1:200 with Tris-buffered saline
(TBS)/3% bovine serum albumin] for 30 min at 37�C, followed by
incubation with the secondary antibody (rabbit anti-mouse; Dako)
for 2�15 min at 37�C and the APAAP-complex (monoclonal
mouse; Progen, 1:50 with TBS). After incubation on alkaline
phosphatase activity with a new fuchsin coupled substrate for
30 min at room temperature in the dark, the reaction was stopped
with 1% HCl. This method yields a pink signal of the labelled areas
that is well contrasted with pigmentation due to melanin. The
sections were counterstained with haemalaun and mounted in
glycerine gelatine.

Results

In order to find a marker method to identify human graft
cells after xenogeneic transplantation without previous
influence on function of the graft cells, we established an
ISH procedure with human-specific Alu probes, which
was expected to yield a particularly strong and specific
nuclear signal. First, we wanted to make sure that there is,
indeed, a strong positive signal in all human cells and no
signal in rat cells to ensure identification of small
numbers or even single graft cells. Thus, we first
embedded human and rat liver tissue together and ran
an Alu ISH, following the standard protocol. All human
nuclei were strongly stained throughout the nuclear area.
None of the rat cells was positive (figure not shown).

Every cell type needs a special ISH pre-treatment. The
protease digest, in particular, is a very sensitive step, as
retinal cells are difficult to handle. Thus, in the next step,
we embedded human RPE cells in rat liver tissue and ran
the Alu-ISH. A modified ISH protocol, including depig-
mentation, dilution of Alu probe and a stringent washing
procedure using SDS led to an acceptable result with
positive staining of all human nuclei (Fig. 1a, b).

Next, we embedded pigment epithelium and choroid of
human eye (Fig. 1c, d) to prove that the modified protocol
works with different human ocular cell types. The
difficulty was to find a compromise between the aggres-
sive chemical procedure of depigmentation and the
sensibility of retinal cell structure. As shown in Fig. 1d,
depigmentation was performed carefully enough to pre-
serve cell integrity despite specific nuclear staining. We
also tested ISH on human-specific X and Y chromosomes
(Fig. 1e) to identify human cells; however, compared with
the Alu signal (hu in Fig. 1f), we found these small dot-
like signals much less comfortable to assess.

We then implanted a fragment of a human ciliary body
in rat eye bulb (Fig. 1f), and even this last preceding
methodological test showed very satisfactory results.
Almost all human cell nuclei were stained perfectly, but
none of the rat nuclei was stained. Background staining
was reduced to a minimum. Because of the intense pan-
nuclear signal, the staining pattern was already visible in
low magnification.

Based on this methodical work, we were now able to
have unequivocal identification of human donor RPE
cells transplanted to rat bulbs. For this, the modified

protocol described in “Materials and methods” was
applied. The rat eye bulbs were enucleated 1 day,
respectively, 1 month after transplantation. Post-op
(1 day) ISH of Alu sequences yielded a strong nuclear
signal in the transplanted human RPE cells. As shown in
Fig. 2a, most of these cells were located at the transplan-
tation site. After application of the elaborated special
injection technique, many of the transplanted cells were
situated at the physiological subretinal site, without
inappropriate damage of the covering retinal layer
(Fig. 2a, b). Alu-ISH showed some cells with a more
diffuse cytoplasmic staining 1 month post-operatively, but
with negativity of nuclei (Fig. 2e).

Figure 2c, f shows an immunohistochemical staining
with mAb ED1, a rat-specific anti-macrophages antibody.
Some macrophages were detectable 1 day after trans-
plantation (Fig. 2c).

ED1-positive macrophages could be detected all over
the transplantation area 1 month after transplantation
(Fig. 2f). Comparing staining pattern and cytological
features of rat macrophages to the cytoplasmic Alu-ISH
staining (Fig. 2e), we conclude that the macrophages were
secondarily pigmented due to phagocytosis of RPE
fragments. In PAS-stained sections (Fig. 2a, d), these
cells could easily be mixed up with the grafted RPE cells,
since both cell types appear pigmented—the graft cells
originally and the macrophages after phagocytosis. After
Alu-ISH and ED1-staining, it appeared evident that after
1 month, vital human graft cells were no longer detectable
in the host tissue.

Discussion

Transplantation of RPE cells is a promising therapeutic
option for retinal degeneration that originates in the RPE
cell layer. RPE transplantations have extensively been
studied in animal models, mostly in the RCS rat model of
retinal degeneration, but also in albinotic mice, rats,
rabbits or even in primates [22]. However, first trans-
plantations in humans were less successful than trans-
plantations in animal models, and investigators began to
re-evaluate RPE cell transplantation in animal models. In
our study, we sought to address critical, limiting aspects
of RPE cell transplantation, i.e. (1) to unequivocally
identify grafted cells in the recipient tissue, (2) to verify
anatomically correct localisation of transplanted cells in
the subretinal space without iatrogenic damage of recip-
ient tissue, and, based on the first two aspects, (3) to
follow up the fate of the grafted cells and host tissue
reactions. Special emphasis was put on identification and
localisation of grafted cells as well as tissue reactions
towards the graft. We demonstrate, by means of our
previously described optimised transplantation technique
[24], that it is possible to transplant cells into the
subretinal space and that the grafted cells can be
distinguished from recipient pigmented cells. In addition
to tracing subretinally transplanted RPE cells, the estab-
lished method can also be used to selectively identify
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Fig. 1 Survey (a) and detail (b) of a cell suspension of human
retinal pigment epithelium (hRPE) injected into rat liver. After
depigmentation, in situ hybridisation (ISH) on Alu sequences
presents a dark staining of the entire nucleus exclusively in human
cells (arrow). Pigment epithelium and choroid of human eye
without depigmentation (c) and after depigmentation (d). Distinct
positivity of Alu sequences in almost every nucleus without
difficulties in discrimination of specific nuclear staining from
endogenous dark pigment. After depigmentation, clearly visible
specific pan-nuclear staining on Alu sequences, even in RPE cells.

e Demonstration of human specific Y chromosomes in human
retina and RPE. This method yields only small dot-like nuclear
signals (arrow), which, in case of incomplete depigmentation, may
sometimes be difficult to discriminate from residual pigment,
particularly in the case of irregularly and densely arranged
transplanted cells and nuclei. f Human ciliary body implanted into
rat eye bulb. Distinct nuclear staining of Alu sequences in the
human cells (hu) contrasting well with negativity in rat tissue (rt).
�127 (a); �254 (b); �254 (c); �313 (d); �561 (e); �141 (f), all
3,30diaminobenzidine-stained
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Fig. 2 Royal College of Surgeons rat eye bulbs after transplanta-
tion of a suspension of pigmented human retinal pigment epithe-
lium (RPE) cells. Enucleation 1 day (a, b, c), respectively, 1 month
(d, e, f) after transplantation. a Successful transplantation with
adequate subretinal position of transplanted pigmented RPE cells.
periodic acid-Schiff, �127. b Easy identification of transplanted
human RPE cells by well-contrasting pan-nuclear staining of Alu
sequences. Alu probe, 3,30diaminobenzidine (DAB), �365. c
Cytoplasmatic staining of some solitary macrophages (arrow)
between RPE cells in early phase after transplantation. ED-1

antibody, alkaline phosphatase/anti-alkaline phosphatase, �365. d
Intense inflammatory and proliferative tissue reaction at transplan-
tation site 1 month postoperatively. Note pigmented cells (arrows)
difficult to interpret in standard staining. PAS, �254; inset: �1016.
e Alu ISH positivity exclusively in cytoplasm of rare disseminated
cells (arrows); no nuclear staining. It is concluded that Alu-positive
material arises from phagocytosed RPE fragments. Alu probe,
DAB, �254; inset: �1266. f Identification of numerous macro-
phages 1 month post-operatively. ED-1 antibody, amino-9-ethyl-
carbazole, �254
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human cells other than RPE after transplantation in any
animal tissue.

With regard to allogeneic transplantations, in most
studies, an ISH with X- and Y-chromosome specific
probes has been applied. In our experiments, this
procedure revealed appropriate results, but the results
sometimes were not easy to interpret. There is only one,
respectively, two spots in each graft cell nucleus, and
these small spots may falsely be interpreted as pigment
granules or remainders of pigment after incomplete
depigmentation. Although pigment granules are localised
in the cytoplasm, there may be a misinterpretation when
nuclei are lying close, overlapping and in more than one
layer (Fig. 1e) or when cells are not arranged accurately
due to injecting a cell suspension. In our kind of
experiments, we needed to find even single cells, which
are very difficult to detect, by looking for a small dot-like
signal.

In view of these difficulties, in this study, we now
present histochemical identification of transplanted cells
using a method that allows detection even of single
human cells in histological specimens of rat eyes using
ISH and visualization of repetitive human-specific Alu
sequences. The Alu repeats are a family of short
interspersed elements that are found in excess of a
million copies, which means an estimated 5% of the
human genome consists of Alu repeats [18, 20]. These
sequences were mainly used to discriminate human from
mouse cells via dot-blot [25] or in combination with LacZ
reporter genes [7].

With Alu ISH on histological sections, no pre-trans-
plantational manipulation of the RPE cells is necessary.
Table 2 shows the advantages of our method. In addition
to the advantage of intense pan-nuclear staining, the use
of in situ hybridisation with an Alu probe is a post-
mortem tracing technique of the cells, so that origin and
functional situation of the donor cells can be preserved
and uninfluenced follow-up of the donor cells in the
recipient eye, even for long-term transplantation, is
possible.

Figure 2a, b, c shows sections of the enucleated rat eye
bulb 1 day after injection. We were able to localise the
applied cells and to prove that our special injection
technique was able to transplant donor cells correctly into
the subretinal space. Beyond the question of localisation,
the Alu-ISH enables us to follow up the fate of the RPE
cells for days and weeks after injection.

In former studies, when we used pigmentation for
identification of human RPE cells, we presumed the
existence of secondary pigmented macrophages that could

easily be confused with RPE cells. After transplantation
by injecting donor cells through the choroidea, macro-
phages would be able to reach the subretinal space. These
macrophages could have become pigmented after phago-
cytosis of RPE cell debris as part of the inflammatory
reaction against donor cells, and these macrophages could
also dispose of the debris left by the insufficient RPE
cells. This might lead to an ephemeral improvement after
transplantation before the donor cells were disposed as
well.

Figure 2d, e, f shows a section of the enucleated rat eye
bulb 1 month after injection. The Alu sequences were
definitely localised in the cytoplasmic compartment
(Fig. 2e). To verify our assumption of macrophage
invasion and transplant phagocytosis, we ran an immu-
nohistochemical assay using a macrophage specific
antibody (Fig. 2c, d, e, f). Comparing these figures by
distribution pattern, cytological features and number of
cells, we conclude that the macrophages were secondarily
pigmented due to phagocytosis. Figure 2a, b, c shows a
section of the enucleated rat eye 1 day after infection.
Even at this time, we were able to detect rat macrophages.

In summary, after Alu ISH and ED1-staining, we have
now proved that after 1 month postoperatively, the human
graft cells do no longer exist in the host tissue. Since our
experiments were performed without immunosuppres-
sion, whether this is an effect of non-specific resorptive
processes or a sign of an immunological reaction has to be
clarified in further studies. With the presented application
for species-specific identification, it is now possible to
study the fate of transplanted cells in xenogeneic models.
Follow-up-studies can now be performed in order to
answer questions such as: How do donor cells behave
during weeks after injection? Does the physiological
function of the donor cells depend on their environment?
and Do the topographical and immunological conditions
allow a long-term survival?

Our established method is a comfortable tool that
allows a precise follow-up of human donor cells in animal
organism. In contrast to other methods, we get a strong
staining even of single human cells and, as a post-mortem
method, it does not influence cell metabolism or behav-
iour. The unequivocal detection of transplanted cells is of
significant interest for any xenogeneic transplantation
experiment.
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Table 2 In situ hybridisation
(ISH) with Alu probes to iden-
tify human cells and the ad-
vantages of this method

Our method of identification Advantages

Alu-ISH identifies human cell nuclei Strong staining of entire cell nuclei
Almost every single cell nucleus is stained
After phagocytosis by host macrophages staining shows

cytoplasmatic signals
Post-mortem staining does not influence cell behaviour
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Abstract Myoepithelial cell carcinoma (MCC) of the
salivary gland is a rare entity. Here, we describe the
karyotype of MCC. The patient was a 53-year-old man,
with a rapidly growing lesion of the palate. Despite
complete surgical excision, radio- and chemotherapy, the
lesion rapidly harboured local and distant metastases
leading to the death of the patient, 4 months after the
diagnosis. On histological and ultrastructural examina-
tion, the primary tumour and the related metastases were
composed of oval and spindle cells, with features of
myoepithelial cell differentiation reported in the litera-
ture. Cytogenetic analysis showed a composite karyotype
in the primary tumour: 45~46,XY, +3[cp3]/ 44~45,XY,
-17[cp4]/ 46,XY[5]. The lymph-node metastasis was
near-triploid and showed a complex karyotype. Our
cytogenetic data differ from those described in benign
or slowly growing salivary gland tumours showing
myoepithelial cell differentiation. It is suggested that
highly aggressive tumours might follow a different
pathway of malignant transformation.

Keywords Myoepithelial cell carcinoma · Karyotype ·
Cytogenetic analysis · Salivary gland · Chromosome 17

Introduction

Myoepithelial cell carcinoma (MCC) is a rare malignant
tumour of the salivary glands, composed almost entirely
of cells showing myoepithelial cell differentiation. Cyto-
genetic data present in the English literature are limited to
benign myoepitheliomas or to benign and malignant
salivary gland tumours showing epithelial and myoepi-
thelial cell differentiation, while no cytogenetic data have
been described on pure MCC. We recently had the
opportunity to examine the karyotype of a pure MCC of
the salivary glands.

Clinical history

The patient was a 53-year-old male with a painless mass of the hard
palate. A computed tomography scan showed a wide lesion
extending from the palate submucosa and invading the maxillary
bone. The lesion was surgically removed. Metastases to laterocer-
vical lymph nodes appeared 45 days after surgery. Radiotherapy
was performed. The patient developed lung and skin metastases and
died of disease 4 months after the first surgical intervention.

Material and methods

Histology and immunohistochemistry

Fresh biopsy tissue was partly used for cytogenetic studies and
partly routinely processed for normal histology. Subsequently,
serial sections were cut from selected blocks and stained by a
routine immunohistochemical method, employing the following
antibodies; calponin (clone CALP, diluted 1:60; Biogenex);
caldesmon (clone h-CD, diluted 1:60; Biogenex), cytokeratin 14
(clone LL002, diluted 1:100; Biogenex); cytokeratin 7 (clone
OV\TL 12\30, diluted 1:100; Dako); smooth muscle actin (clone
1A4, diluted 1:100; Dako), p53 (diluted 1:50, Dako) and p63
(diluted 1:400, Neomarkers).

For electron microscopy, small blocks were microdissected
from paraffin embedded samples. They were then routinely de-
waxed by immersion overnight in xylol and rehydrated to
phosphate buffer through a graduated diluted alcohol series.
Fragments were then re-fixed in buffered glutaraldehyde and
post-fixed in OsO4, dehydrated in alcohol and propylene oxide and
embedded in Epon 812. Thin sections were stained with uranyl
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acetate and Reynold’s lead citrate and observed in a Philips CM 10
TEM.

Culturing and cytogenetic analysis

Fresh representative samples of two lesions directly withdrawn
from surgical specimens were submitted for cytogenetic investiga-
tion. Cell suspensions were obtained after enzymatic digestion with
collagenase 400 U/ml (Worthington Biochemical Inc) at 37�C for
16–18 h as described by Limon et al. [7].

Cell suspensions were seeded and cultured for 2 days (for
primary and metastasis) in DMEM-F 12 (GIBCO, Milan, Italy)
supplemented with 10% fetal bovine serum (Hy-Clone Laborato-
ries, Celbio, Milan, Italy) and antibiotics/fungizone.

Chromosome preparations were made using standard cytoge-
netic techniques on in situ metaphases isolated from primary short-
term cultured cells after overnight incubation with Colcemid
(0.03 mg/ml). The cultures were harvested by subjecting the cells to
hypotonic treatment with 0.8% of sodium citrate preheated at 37�C
at room temperature for 35 min and fixed with a mixture of
methanol/glacial acetic acid (3:1) using four changes. The
chromosomes were G-banded using HCl and Wright staining, 20
G-banded metaphases were evaluated for each case and three slides
observed for elude a clonal growth of the same cell. The karyotypes

were described according to the ISCN 1995 Guidelines for Cancer
[4].

Results

Histopathological features

Histopathological features of primary and metastatic
tumours were similar, so they will be described together.
The tumours were composed of sheets of oval to spindle
cells, with markedly atypical nuclei and eosinophilic
cytoplasm. Mitoses were numerous and atypical. Necrosis
was focally present (Fig. 1A). On immunohistochemistry,
the neoplastic cells were focally positive with cytokera-
tins 14 and 7 (Fig. 1B) and diffusely positive with
calponin (Fig. 1C). In addition, a strong nuclear positivity
was observed for p53 (Fig. 1D) and focal positivity was
observed for p63 (Fig. 1E). No features of a pre-existing
benign tumour, such as pleomorphic adenoma, were seen.

Fig. 1 A On hematoxylin &
eosin examination, the lesion
was composed of spindle and
oval atypical cells, with areas of
necrosis. The cells were
strongly positive with low-
weight cytokeratin (B) and cal-
ponin (C). In addition, nuclear
positivity was observed for p53
antibody (D) and focally for
p63 (E). At ultrastructure (F)
the neoplastic cells were focally
surrounded by basal membrane
and contained intermediate fi-
laments
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Ultrastructural examination confirmed pure myoepi-
thelial cell differentiation (Fig. 1F). The neoplastic cells
were generally similar to one another, displaying large,
round or irregular shaped nuclei with dispersed chromatin
and prominent nucleoli. Low magnification revealed that
cells were polygonal, oval or elongated with smooth
cytoplasmic contours showing abundant irregularities and
specialised junctions. At higher magnification, tumoural
cells were attached to each other by small desmosomes or
tight junctions, rarely by well-formed desmosomes. Most

frequently, the intercellular spaces were widened and
filled with granulo-filamentous material. Often, basal
membranes were multilayered. Actin-like filaments were
haphazardly distributed within the cytoplasm, lacking
arrangement in bundles and never showing focal densi-
ties. Within a few cells, small fascicles of intermediate
filaments were occasionally observed in a paranuclear
position.

Fig. 2 A Representative karyo-
gram in primitive tumour. The
arrow indicates chromosome 17
monosomy. B Representative
karyotype of myoepithelial cell
carcinoma metastasis, showing
a complex picture
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Cytogenetic analysis

The primary tumour showed the modal number near-
diploid (range:44–47 chromosomes). Fifteen metaphases
were evaluated, revealing a composite karyotype:
45~46,XY, +3[cp3]/ 44~45,XY, -17[cp4]/ 46,XY[5]; no
clonal abnormalites in the other metaphases were ob-
served (Fig. 2A). The metastasis was near-triploid (58–
80) with 16 evaluated metaphases, showing a complex
karyotype: 69~74,XY, -Y(12), +2(6), -3(12), +5(8), +6(7),
+7(9), +8(8)+11(6), +12(6), -13(9), -14(11), +15(6),
-15(5), +16(6), +17(11), +18(7)+19(8), +20(13), +21(4),
-22(13), +M1(2)(cp16) (Fig. 2B).

Discussion

Benign and malignant salivary gland tumours showing
myoepithelial cell differentiation present specific and
recurrent chromosomal alterations. The alterations most
frequently observed are translocations involving 12q12
and del(9)(q22.1q22.3), associated in some cases with
translocations involving 1q and12q [2]. In addition,
benign salivary gland tumours, showing epithelial and
myoepithelial cell differentiation, such as pleomorphic
adenoma, often show 8q12 and 12q13-q15 alterations. A
benign myoepithelioma showed a similar karyotype,
associated with a translocation between 1q and 12q [2].
Malignant salivary gland epithelial–myoepithelial tu-
mours usually show deletions at the long arm of
chromosome 6 [10]. In addition, adenoid cystic carcinoma
is characterised by structural alterations in chromosomes
6q and 9p. Polymorphous low-grade adenocarcinoma
shares the 12q alteration found in pleomorphic adenoma
and the alterations in chromosomes 6 and 9 that
characterise adenoid cystic carcinoma [3, 8]. Cytogenetic
data reported to date are limited to benign or to slowly
growing malignant epithelial–myoepithelial salivary
gland tumours.

The case described here was a highly aggressive
tumour, harbouring early local and distant metastases and
causing the death of the patient. On histology, immuno-
histochemistry and ultrastructural analysis, it was com-
posed of poorly differentiated cells, showing features of
myoepithelial cell differentiation; thus, it was diagnosed
as pure MCC. Cytogenetic analysis showed different
alterations from those described in benign and low-grade
malignancy cases. Specifically, the primary tumour
showed alterations in chromosomes 3 and 17.

Losses at 17p have been previously described, by
comparative genomic hybridization, in MCC of the breast
[5] showing aggressive behaviour. Alterations in chro-
mosome 17 have been rarely documented in salivary
gland tumours. In adenoid cystic carcinomas, Martins et
al. [8] reported rearrangements in 17p12-p13, while
Roijer et al. [11] described a del(17)(p13). Interestingly,
the two cases of Martins et al. [8], showing alterations of
chromosome 17, gave lung metastases, while in the case
of Roijer et al. [11], the patient was alive and well, but

after only a 1-year follow-up. Loss of chromosome 17 has
been described as an early event in the malignant
transformation of pleomorphic adenoma [6]. The tumour
suppressor gene TP53 is localised on chromosome 17.
Deletions or loss of heterozygosity in 17p might be
accompanied by overexpression of the p53 protein
detected by immunohistochemistry. In the present case,
the p53 antibody strongly stained all the neoplastic nuclei
of the primary and metastatic MCC. p53 Protein
accumulation has been detected also in pleomorphic
adenomas with malignant transformation [6].

Alterations on chromomosome 3 have been rarely
described in salivary gland tumours [4]. They might
involve the TP63 gene. TP63 is a recently recognised
member of the p53 gene family, localised at chromosome
3q27–28. TP63 gives two main isoforms, TAp63/p51 and
DNp63 /p73L. TAp63/p51, through bindings with p53
gene interaction domains, induces growth suppression and
apoptosis, while DNp63/p73L favours cell proliferation
by inhibiting the transactivating activity of TAp63/p51.
The p63 protein is localised in nuclei of basal and
myoepithelial cells of salivary glands and breast and is
expressed in myoepithelial tumours of the breast [1].

Weber et al. [13] studied TP53 mutations and p63
expression in a series of benign salivary gland tumours.
They found a TP53 mutated gene in 4 of 42 pleomorphic
adenomas, 3 of 12 myoepitheliomas and 1 of 8 canalicular
adenomas. The same types of tumours showed a dominant
expression of the DNp63 isoform, leading to the hypoth-
esis that these findings might reflect the possible malig-
nant potential of the lesion.

Although MCC can be histologically classified as
high- and low-grade malignant tumours, histology is not
always predictive of the clinical outcome of the single
case [12].

The data previously published in the literature together
with the present cytogenetic findings suggest that alter-
ations in chromosomes 3 and 17 could be an important
step in the malignant transformation of basal/myoepithe-
lial cells. Subsequent studies on larger series will
establish whether they are predictive of poor clinical
outcome.
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Abstract Ciprofloxacin is a fluorinated quinolone anti-
biotic with relatively low occurrence of adverse side
effects. However, increasing evidence suggests that
ciprofloxacin may cause severe liver damage. Until
now, 14 cases of ciprofloxacin-associated liver injuries
have been reported. We describe a case of a 22-year-old
male who developed hepatic failure after intake of
ciprofloxacin. The patient had been treated with
2�250 mg ciprofloxacin per day. He presented with
symptoms of acute liver failure 14 days later. Liver
biopsy revealed extensive hepatocellular necrosis involv-
ing zones 3 and 2 of hepatic acini and a mixed
inflammatory infiltration containing abundant eosino-
phils. Symptoms resolved after corticoidsteroid therapy.
In the present paper, we report the clinico-pathological
characteristics of a case of ciprofloxacin-associated acute
hepatic failure and discuss the current literature.

Keywords Quinolone · Ciprofloxacin · Hepatitis · Liver
injury

Introduction

Ciprofloxacin is a fluorinated quinolone antibiotic with a
broad spectrum of activity. Its indication includes treat-
ment of the urinary tract, bone and joint, lower respiratory

tract, and skin infections. However, despite its high
effectiveness and relative safety, several cases of cipro-
floxacin-associated liver injury have recently been de-
scribed [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 17]. In the
present paper, we report the clinico-pathological charac-
teristics of a case of ciprofloxacin-associated acute
hepatic failure and discuss the current literature.

Case report

A 22-year-old man had been treated with ciprofloxacin at a daily
dose of 2�250 mg for 7 days during a non-specific bacterial
infection of the skin. After 14 days of ciprofloxacin intake, the
patient was admitted to hospital because of nausea and jaundice.
There was no history of liver disease, blood transfusion, alcohol, or
other medication. An ultrasound of the abdomen revealed no
obstruction of the common bile duct and no hepato- or spleno-
megaly. Laboratory findings showed the typical pattern of acute
liver failure with elevated serum transaminases [aspartate amino-
transferase (AST) 907 U/l; alanin aminotransferase (ALT) 890 U/l],
and alkaline phosphatase (AP 180 U/l), gamma-glutamyltransferase
(gGT 73), reduced prothrombin (PT)-time (40%), and elevated
serum bilirubine (16.9 mg/dl). Serology for hepatitis A, B, C,
cytomegalovirus (CMV), adenovirus, HIV1, 2, and cocksackievirus
were negative. Epstein-Barr virus (EBV), herpes simplex, and
varicella anti-IgM were negative with positive anti-IgG titers.
Autoimmune hepatitis and autoimmune cholangiopathy as well as
metabolic liver diseases were excluded based on normal anti-IgM
and negative antinuclear antibody (ANA), antimitochondrial anti-
body (AMA), and antineutrophil cytoplasmic antibody (ANCA)
titers. Blood count showed mild leukocytosis with lymphopenia
(10.5%) and elevation of neutrophils (56.5%), but no eosinophilia.
Liver biopsy revealed extensive hepatocellular necrosis predomi-
nantly involving zones 3 and 2 of hepatic acini and a moderate
mixed inflammatory infiltration of portal tracts and necrotic areas
with abundant eosinophilic granulocytes (Fig. 1A, B).

A diagnosis of ciprofloxacin-associated hepatitis was rendered,
and the patient was put on steroids. The treatment consisted of
methylprednisolone at a daily dose of 50 mg for 7 days followed by
slow tapering to a maintenance dose of 10 mg daily. Liver function
tests and levels of AST and ALT improved rapidly, reaching
normal levels within 1 week. The patient could be discharged in a
clinically asymptomatic condition 8 days after admission.
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Discussion

Ciprofloxacin is a widely used, broad-spectrum antibiotic
that is generally associated with mild, reversible elevation
of liver enzymes and bilirubin in about 2–3% of patients
[15]. However, increasing evidence suggests that cipro-
floxacin may also cause severe liver damage. Up to now,
14 cases of ciprofloxacin-associated liver injury have
been documented in the literature (Table 1). Eight
(57.1%) of the patients were men and six (42.9%) were
women. This corresponds to a male to female ratio of 1.3,
with an age of 23 years to 92 years at the time of
diagnosis (mean 54.9€22.5 years). The time between
initiation of ciprofloxacin and acute hepatic injury ranged
from 1 day to 21 days (mean 6.3€5.9 days). In addition,
one case of chronic cholestatic liver disease, occurring
approximately 6.5 months after treatment with ciproflox-
acin and ornidazol, has been documented in the literature
[3]. In only two cases reported thus far, a direct
association of liver injury and ciprofloxacin exposure
has been proved [2, 10]. In all other cases, there were
other medications involved, which prevented a clear
relation between ciprofloxacin and hepatotoxicity. All
patients rapidly improved after cessation of ciprofloxacin,
except for two cases where ciprofloxacin-intake resulted
in fulminant hepatitis and death. Based on the current
literature, it seems that ciprofloxacin can cause three
characteristic histological patterns of hepatic injury: (a)
pure hepatocellular cholestasis, (b) hepatocellular necro-
sis of zone 3, or (c) a mixed pattern disease (Table 1). In
the present report, we describe a case of ciprofloxacin-
induced acute hepatitis with extensive hepatocellular
necrosis and a mixed inflammatory infiltrate with abun-
dant eosinophils. Similar to the majority of cases reported
in the literature, the clinical course of our patient
improved rapidly after corticosteroid therapy and cessa-
tion of ciprofloxacin. Unfortunately, only two cases of
unequivocal ciprofloxacin-related liver injury have been
documented thus far (Table 1); whereas, in all other cases,

Fig. 1 A, B Liver biopsy shows confluent necrosis involving zones
3 and 2 of the acini (hematoxylin & eosin, original magnification
�4, �10). In the necrotic areas and in the portal tracts, a mixed
inflammatory infiltrate with abundant eosinophils can be recog-
nized. Numerous acidophilic bodies are seen in zone 1 of the
hepatic acini (hematoxylin & eosin, original magnification �10,
�20)

Table 1 Clinico-pathological findings of reported cases of ciprofloxacin-associated liver injury. NA not available

Case
no.

Age Sex Daily
dose
(mg)

Previous
expo-
sure

Other
medi-
cations

Time to
liver injury
(days)

Previous
liver
injury

Histology Follow-up Refer-
ences

1 23 Female NA NA NA NA NA NA NA [4]
2 66 Male 1000 NA Yes 2 No Centrilobular necrosis Died [8]
3 46 Female NA NA Yes NA No NA Recovered [11]
4 92 Male 400 NA Yes 2 No NA Died [6]
5 84 Female 500 Yes Yes 9 No NA Recovered [13]
6 36 Male 1500 NA Yes 7 No NA Recovered [1]
7 27 Male 1500 No No 10 No NA Recovered [2]
8 50 Male 500 NA NA 5 NA Centrilobular cholestasis Recovered [9]
9 44 Female 500 NA Yes 21 No Centrilobular bridging necrosis Recovered [14]

10 47 Male 1000 NA No 2 NA Cholestasis and spotty necrosis Recovered [10]
11 32 Male 1000 NA Yes 2 No Periportal and centrilobular

necrosis
Recovered [5]

12 63 Female 500 NA Yes 200 No Fibrosing cholestatic hepatitis
and spotty necrosis

Recovered [3]

13 79 Female 500 NA Yes 2 No NA Recovered [7]
14 80 Male 1000 No Yes 8 No NA Recovered [17]
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patients received additional drugs. Differences in mor-
phological patterns of hepatic injury, therefore, may be
due to mixed etiology. However, based on these data, a
diagnosis of ciprofloxacin-induced hepatic injury should
be favored if (a) the patient has a positive drug history (1–
21 days), (b) liver biopsy reveals hepatocellular necrosis
and/or cholestasis predominantly in zone 3 with a mixed
inflammatory infiltrate containing eosinophils, and (c)
serology is negative for viral or autoimmune hepatitis.

The pathomechanisms of ciprofloxacin-related liver
injury are still unclear. The drug has been reported to
exhibit in vitro cytotoxicity when incubated with rat
hepatocytes at concentrations of 200 mg/ml, which
corresponds to approximately 20 times the average human
serum concentration [12]. Based on the available clinico-
pathologic observations, it appears likely that predomi-
nantly dose-independent idiosyncratic, and, more rarely,
dose-dependent toxic reaction, may be involved [1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 17]. This, in fact, is
supported by the relatively short delay between the
initiation of ciprofloxacin and the development of liver
injury in the majority of the reported cases [1, 2, 4, 5, 6, 7,
8, 9, 10, 11, 13, 14, 17]. The acute onset of disease and the
lacking correlation between the dose and resulting liver
damage suggests this type of drug reaction in our patient.
The preferential zone-3 distribution of hepatic damage, in
addition, suggests a possible involvement of the cyto-
chrome P450 enzyme. The enzyme activity is highest in
zone 3, and it has been shown that ciprofloxacin
suppresses relevant cytochromes P450 at the transcription
level [16].

Ciprofloxacin is still advertised as an effective and safe
antibiotic. However, although quinolone antibiotic-related
hepatic injury occurs infrequently, the consequences can
be severe, and a detailed patient and drug history should
be obtained in patients receiving ciprofloxacin.
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Sir, We report a case of sinus histiocytosis with massive
lymphadenopathy (SHML) associated with giant cell
hepatitis, probably of autoimmune origin, in an 18-year-
old man. SHML is a rare histiocytic proliferative disorder
of unknown origin. This disease is not always limited to
lymph nodes, but it could also involve a wide spectrum of
extranodal sites [4]. SHML has also been reported in
patients with immunodisorders [3, 4, 8]. However, in our
review of the literature, we have not found any case of
this entity associated with post-infantile giant cell hepa-
titis (PIGCH). This patient was treated with corticoids,
and he had a good clinical response; the serum studies of
the hepatic enzymes became normal, and the nodes
decreased in size.

Our patient was an 18-year-old white man with a
clinical history of asthma, hypersensitivity to pirazolone,
and a probable episode of acute hepatitis when he was
8 years old. In February 1993, he was operated on in
another hospital for leg varix, and 3 days later he suffered
choluria and jaundice, and an increase of serum glutamic
oxaloacetic transaminase (SGOT) and serum glutamic
pyruvic transaminase (SGPT) above 1000 UI/l was found
at that time. The levels of the enzymes decreased
progressively, but they were still not normal after
6 months, and the patient was sent to the Department of
Internal Medicine of our hospital. On clinical examina-
tion, multiple small, peripheral, enlarged lymph nodes,
light hepatomegalia, and moderate splenomegalia were
found. Serum studies results were: SGOT 42 UI/l, SGPT
91 UI/l, alkaline phosphatase 453 UI/l, total bilirubin
1.91 mg/1 dl. The hemogram and proteins were normal.

Tests for A, B, C hepatitis (HAV, HBV, HCV), Epstein-
Barr (E. Barr), herpes simplex, parainfluenza, rubella,
mumps viruses, human immunodeficiency virus (HIV),
and cytomegalovirus (CMV) were negative. Anti-smooth-
muscle antibodies were positive at a dilution of 1/80.
Other autoantibodies were negative. After the findings of
both node and hepatic biopsies, a treatment with 10 mg/
day of prednisone was started. The serum levels of the
hepatic enzymes became normal, and the nodes decreased
in size, but the splenomegalia persisted. The patient was
lost for follow-up 1 year later.

The biopsy of a laterocervical lymph node showed
expanded sinuses filled by numerous histiocytes with
round or oval vesicular nuclei and small nucleoli. The
cytoplasm of the majority of the histiocytes was abundant
and pale pink, with indistinct margins. Many of them
contained in their cytoplasms well-preserved lymphocytes
and some isolated plasma cells and neutrophils (Fig. 1).
Mitotic figures were infrequent. The cytoplasm of these
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Fig. 1 Histiocytic cells with vesiculous nuclei. Lymphocytes inside
vacuoles are found in their cytoplasms. Intense cytoplasmic
reactivity of the histiocytes for s-100 protein (inset). With this
staining, the lymphophagocytosis is more remarkable



cells stained for S-100 protein (Biogenex) (Fig. 1), CD68
(KP1) (Dako), lisozyme (Biogenex), a-1-antitrypsin
(Biogenex), a-1-antichymotrypsin (Biogenex), (MAC-
387) (Immustain), CD30 (Dako), peaunut lectin (Kem-
en-Tec), and concanavalin A lectin (Kem-en-Tec). They
were negative for CD1a (Serotec).

On the liver biopsy, the general architecture was
preserved, with lymphoid infiltrates in portal areas, but
both interface hepatitis and ductal damage were not
found. In the plates of hepatocytes, there was extensive
giant cell transformation, mainly in the areas III of
Rappaport. The syncytial hepatocytes contained between
six and ten nuclei, without mitosis (Fig. 2). Hepatocellular
necrotic changes were light, with scanty inflammation.
Both portal and lobular fibrosis were not found. Canalic-
ular cholestasis was focally present. There was no
evidence of histiocytic infiltrates, as those of the lymph
node.

The histological findings of the lymph node corre-
spond to SHML and those of the liver to giant cell
hepatitis. SHML, or Rosai-Dorfman disease, is a disorder
of histiocytic elements that usually affects young patients
and is a little more common in males [4]. This disease
may be purely nodal, but extranodal involvement may be
found in 40% of the cases [4], affecting principally bone,
skin, soft tissue, central nervous system, eye, salivary
glands, respiratory tract, and the genitourinary system.
The digestive system is affected exceptionally, [4, 6] and
only five cases have been described in the liver [1, 4, 6].
The histological findings of SHML in liver are typical of
the disease with portal, lobular, or nodular infiltrates of
histiocytic cells with lymphophagocytosis. In no case of
SHML with hepatic involvement have syncytial multin-
ucleated cells, as those found in this case, been described.
The etiology of SHML is not clear, and several patho-
genetic mechanisms have been proposed, such as herpes
virus 6 infection [7], or immune alterations [3, 4, 8].
Related to this latter aspect, it is known that around 10%
of the cases of SHML coexist with immune-mediated

diseases as autoantibodies-mediated anemia, arthritis,
glomerulonephritis, juvenile diabetes, asthma, or repeti-
tive infections [3, 4].

Giant cell hepatitis is a frequent pattern of liver injury
in the neonate, but it is rare after infancy. In adult
patients, giant cell hepatitis has been attributed to
infections by different viruses (HAV, HBV, HCV,
CMV, E. Barr, HIV, Paramixovirus), drug reactions or
autoimmune disease [2, 5, 9]. Overall evidence of
autoimmune disease was found in 40% of the patients
[2]. It would appear that PIGCH is best regarded as an
unusual reaction pattern that can occur in both acute and
chronic hepatitis. In this case, the serum studies for virus
was negative, and there was no evidence of therapy with
any drugs related to PIGHC. The clinical history of
asthma and hypersensitivity, the finding of anti-smooth
muscle antibodies, and the good response to corticoids are
in favor of an autoimmune etiology for the giant cell
hepatitis of this patient.

To our knowledge, the association of SHML and
PIGCH has not been previously described. In this case,
the simultaneous presentation of these two entities could
be not purely coincidental, and it raises the possibility of a
common pathogenetic way, probably related to immuno-
logic disorders.

Acknowledgements We thank very sincerely Dr. J. Rosai for
studying the case and confirming the diagnosis and Dr. S. Salas-
Vali�n for photographic and informatic assistance.

References

1. Buchino JJ, Byrd RP, Kemtz DR (1982) Disseminated Sinus
histiocytosis with massive lymphadenopathy: its pathologic
aspects. Arch Pathol Lab Med 106:13–16

2. Devaney K, Goodman ZD, Ishak KG (1992) Postinfantile giant-
cell transformation in hepatitis. Hepatology 16:327–333

3. Foucar E, Rosai J, Dorfman RF, Eyman JM (1984) Immunologic
abnormalities and their significance in sinus histiocytosis with
massive lymphadenopathy. Am J Clin Pathol 82:515–525

4. Foucar E, Rosai J, Dorfman R (1990) Sinus histiocytosis with
massive lymphadenopathy (Rosai-Dorfman disease): review of
the entity. Semin Diagn Pathol 7:19–73

5. Johnson SJ, Mathew J, MacSween RNM, Bennett MK, Burt AD
(1994) Post-infantile giant cell hepatitis: histological and
immunhistochemical study. J Clin Pathol 47:1022–1027

6. Lauwers GY, Perez-Atayde A, Dorfman RF, Rosai J (2000) The
digestive system manifestations of Rosai-Dorfman disease
(Sinus histiocytosis with massive lymphadenopathy): review
of 11 cases. Hum Pathol 31:380–385

7. Levine PH, Jahan N, Murari P, Manak M, Jaffe ES (1992)
Detection of human herpes virus 6 in tissues involved by sinus
histiocytosis with massive lymphadenopathy (Rosai-Dorfman
disease). J Infect Dis 166:291–295

8. Maennle DL, Grierson HL, Gnarra DG, Weisenburger DD
(1991) Sinus histiocytosis with massive lymphadenopathy: a
spectrum of disease associated with immune dysfunction.
Pediatr Pathol 11:399–412

9. Philips MJ, Blendis LM, Poucel S, Patterson J, Petric M, Roberts
E, Levy GA, Superina RA, Greig PD, Cameron R, Langer B,
Purcell RH (1991) Syncytial giant-cell hepatitis. Sporadic
hepatitis with distinctive pathological features, a severe clinical
course and paramixoviral features. N Engl J Med 324:455–460

Fig. 2 Giant cell transformation of hepatocytes

91



Virchows Arch (2004) 444:92–94
DOI 10.1007/s00428-003-0916-x

L E T T E R T O T H E E D I T O R

A. Brunner · A. Tzankov · T. Akkad · K. Lhotta ·
G. Bartsch · G. Mikuz

Wegener�s granulomatosis presenting
with gross hematuria due to prostatitis

Received: 7 July 2003 / Accepted: 19 September 2003 / Published online: 24 October 2003
� Springer-Verlag 2003

Sir, Wegener’s granulomatosis (WG) represents a sys-
temic vasculitis usually affecting the upper respiratory
tract (74%), lungs (70%) and kidneys (46%) and affecting
men and women equally, with a peak occurrence during
the fifth and sixth decades of life [4, 5]. The etiology is
unknown, but generation of anti-neutrophil cytoplasmic
antibodies (c-ANCA) and activation of cellular response
probably triggered by a preceding infection are discussed
[1]. The diagnosis of WG should be made considering
clinical presentation, histological findings in biopsy
specimens and measurement of c-ANCA, which are
highly specific [4]. Histologically, “dirty” liquefactive
and/or coagulative necroses with a large number of
eosinophilic granulocytes, scanty lymphocytes, plasma
cells and multinucleated giant cells associated with a
destructive leukocytoclastic vasculitis of arteries and
veins are usually found in the lesions of the upper
airways and lungs [5]. Renal disease includes focal
necrotizing glomerulonephritis or interstitial nephritis [2,
5]. Clinically, WG presents with symptoms of the upper
and lower respiratory tract, including nasal obstruction,
discharge, ulcers, sinusitis or otitis, cough, hemoptysis
and dyspnea, often associated with a progressive loss of
renal function with microhematuria, nephritic urine
sediment, moderate proteinuria up to rapidly progressive
renal failure and systemic symptoms such as fever, weight
loss and sweats [5].

We report the case of a 51-year-old man who was
admitted to our hospital in September 1996 with a 3-
month history of gross hematuria and mild dysuria. The

patient claimed to have increasing weakness, sweats and
weight loss as well as subfebrile temperatures. For the
previous 3 weeks, the patient had arthralgias in the large
joints and suffered from tinnitus accompanied by a
hearing loss. The patient’s blood pressure was 115/
89 mmHg. He had a Horner syndrome on the right eye
and chronic seromucinous otitis media. Chest X-ray
remained inconspicuous. Magnetic resonance scan re-
vealed increased contrast medium storage in the mastoid
bone, the frontal and maxillar sinus on the left side
consistent with an inflammatory process. Except for
leukocytosis, increased C-reactive protein (10.64 mg/ml)
and a serum creatinine of 0.9 mg/dl, laboratory
parameters were unremarkable. Urine analysis revealed
leukocyturia (75 leukocytes/ml), gross hematuria
(250 erythrocytes/ml) but no proteinuria. Urine sediment
contained a few hyaline and cellular casts. Urine cultures
remained sterile. c-ANCA titer was 1:20. The diagnosis of
WG was made and a renal biopsy was performed to
determine the extent of renal involvement, revealing just a
scarce interstitial chronic inflammatory infiltrate with
normal glomeruli. The patient was referred to the
urologist for further examination of gross hematuria. On
digital rectal examination, the prostate was firm. Cystos-
copy showed an inconspicuous bladder, but the prostatic
tissue was extensively damaged with ulcers and paracol-
licular necrosis, suspicious for tuberculosis. Total serum
prostate-specific antigen was 0.5 ng/ml. Prostate biopsy
was performed, and histological examination revealed
multiple granulomas with irregular, stellate and geo-
graphic necroses surrounded by histiocytes, lymphocytes,
plasma cells and eosinophilic granulocytes (Fig. 1A, C).
The center of the granulomas was filled with dirty,
amorphous debris. The prostatic acini showed atrophic
epithelium with scattered inflammatory infiltrate. A few
small blood vessels were cuffed by histiocytes and
granulocytes, indicating the presence of vasculitis
(Fig. 1B, D). After special stains were performed, there
was no evidence of infectious agents; thus, the histolog-
ical appearance was consistent with the diagnosis of WG.
The patient was given cyclophosphamide as well as
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corticosteroids so that symptoms quickly resolved. The
patient is still in complete clinical disease remission under
therapy with azathioprine 7 years after diagnosis.

WG may occasionally involve the lower urinary tract
organs, such as the penis, testes, seminal vesicles and
bladder in a decreasing order of frequency [3]. Prostatic
involvement in WG is uncommon. In a series of 54 WG
patients, Walton and co-authors found prostatic involve-
ment in 7.4% of the cases [5]. Another series from the
Mayo clinic reported that 4 of 174 patients (2.3%) with
WG had prostatic disease [5]. Only a few cases with
symptoms of prostatitis at initial presentation have been
reported thus far [3, 4]. However, considering granulo-
matous prostatitis in a series of 200 cases reported by
Stillwell and co-authors, only 4 appeared to be a
manifestation of WG [6]. The clinical course of WG of
the prostate includes irritating voiding symptoms such as
dysuria, urgency and frequency, hematuria and acute
urinary retention, but patients mostly remain asymptom-
atic [5]. On physical examination, the prostate can be

firm, enlarged and indurated. Prostatic urethra may appear
abnormal on cystoscopy, showing friable and necrotic
tissue [5]. Biopsy is necessary to establish the correct
diagnosis, as it is difficult to distinguish WG of the
prostate from other forms of granulomatous inflammation
or prostatic cancer on physical examination [5]. In our
case, a patient presented with typical symptoms of WG.
Despite gross hematuria for several weeks, renal function
was normal. Renal biopsy excluded necrotizing glomer-
ulonephritis as the cause of hematuria. Urological exam-
inations, including cystoscopy, detected a necrotizing
prostatitis highly suspicious for tuberculosis. Biopsy
specimens revealed a granulomatous process with dirty
necroses. Ziehl-Neelsen, Grocott, Warthin-Starry and
periodic acid-Schiff stains remained negative, so that a
consistency with the primary diagnosis was concluded,
and the applied immunosuppressive therapy was contin-
ued. This case is remarkable as it demonstrates that the
correct classification of a granulomatous disease might be
decisive for choosing the correct therapy. For correct

Fig. 1 Prostatic biopsy specimens showing granuloma formation
surrounded by histiocytes, lymphocytes, plasma cells and eosino-
philic granulocytes (A and C) as well as small blood vessels cuffed

by inflammatory cells indicating vasculitis (B and D); hematoxylin
& eosin stain, 200- and 400-fold magnification

93



classification of granulomas, infectious agents such as
Mycobacterium tuberculosis, mycobacteria other than
tuberculosis, fungi and spirochetes, Brucellaceae, Schis-
tosomata and Echinococci should be ruled out by special
stains [3]. Furthermore, other non-infectious causes of
granulomatous prostatitis, including transurethral resec-
tion, allergic and simple granulomatous prostatitis as well
as sarcoidosis, should also be excluded [3, 6]. An accurate
morphological examination enables further subspecifica-
tion of the granulomas, even in cases where clinical
history is unknown. Presence of dirty necrosis, large
amount of eosinophilic granulocytes and vasculitis should
draw a pathologist’s attention to the rare possibility of a
WG of the prostate.
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Sir, adrenal and juxtadrenal schwannomas are exceeding-
ly rare; only several case reports have been published in
the English literature [1, 3, 4, 5, 6]. We herein report on a
case of small juxtadrenal cellular schwannoma.

A 74-year-old Japanese woman presented with lum-
bago and was admitted to our hospital. Imaging modal-
ities, including computed tomography and magnetic
resonance imaging, revealed a right adrenal tumor
measuring 20 mm in diameter. Angiography showed that
the tumor was supplied by the right adrenal artery. A
blood laboratory test, including various adrenal hor-
mones, showed no remarkable abnormalities. Right
adrenalectomy was performed under the clinical diagnosis
of right adrenal tumor. No findings of von-Recklinghaus-
en’s disease were recognized.

Grossly, the resected specimen was a right adrenal
gland with surrounding fat tissue. A tumor measuring
25�13�10 mm was present in the periadrenal fat tissue
just next to the right adrenal gland (Fig. 1). The tumor
was located in the vicinity of the adrenal gland, but not
connected by the adrenal gland. The tumor was com-
pletely encapsulated, solid, white, and relatively hard in
consistency.

Histologically, the tumor was completely encapsulated
with fibrous tissue (Fig. 2a). Lymphoid tissue with
germinal centers was present in and outside the capsule
(Fig. 2a). The tumor was a solid cellular one, composed of
spindle cells arranged in a fascicular pattern (Fig. 2b).
Neither palisading pattern nor Verocay bodies were
noted. Tumor cells showed myxoid appearances in one
small area. No necrosis was noted. Cytologically, the

tumor cells showed mild hyperchromasia, but mitotic
figures were not recognized. Focal areas showed accu-
mulation of foamy macrophages (Fig. 2c). Immunohisto-
chemically, the tumor cells were positive for S-100
protein, vimentin, laminin, and type-IV collagen. They
were negative for keratins, epithelial membrane antigen,
chromogranin A, synaptophysin, alpha-smooth muscle
antigen, and CD34. The Ki-67 labeling of tumor cells
using MIB-1 antibody was 2%. The macrophages in the
tumor were positive for CD68 (macrophage antigen). The
capsule was positive for alpha-smooth muscle actin. The
lymphoid tissue in the capsules was positive for CD3 (T
cell marker) and CD20 (B cell marker). The pathological
diagnosis was cellular schwannoma. The positive reac-
tions of tumor cells for S-100 protein and basal lamina
components (laminin and type-IV collagen) supported the
schwann cell origin. The right adrenal gland was free of
pathological alterations.

Schwannoma occurs largely in hand, neck, and
extremities. Schwannoma of retroperitoneal tissue is rare,
the incidence being from 0.5% to 1.2% of all benign

T. Terada ())
Department of Pathology,
Shizuoka Municipal Shimizu Hospital,
Shimizu-Miyakami 1231, 424-8636 Shizuoka, Japan
Tel.: +81-54-3361111
Fax: +81-54-3361315

H. Inatsuchi
Department of Urology,
Shizuoka Municipal Shimizu Hospital,
Shizuoka, Japan

Fig. 1 Cut surface of the tumor (arrow) and right adrenal gland
(arrowheads). The tumor is solid, encapsulated, and not connected
to the adrenal gland. The adrenal gland is free of pathological
alterations
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retroperitoneal tumors [3]. In particular, juxtadrenal
schwannoma is exceedingly rare; only several cases have
been reported in the English literature [1, 3, 4, 5, 6]. Most
of them were preoperatively diagnosed as adrenal tumors
and were supplied by the adrenal arteries [1, 3, 4, 5, 6], as
was the case with the present case. Therefore, juxtadrenal
schwannomas tend to be clinically mistaken for adrenal
tumors. The present case was relatively small in size
compared with previously reported cases [1, 3, 4, 5, 6],
suggesting that recent advances in imaging modalities can
detect small juxtadrenal schwannoma.

Cellular schwannoma is a variant of schwannoma and
is characterized by cellular Antoni A type and rarity of
nuclear palisading and Verocay bodies [7]. It is also
characterized by the frequent presence of lymphoid tissue
in the capsule and foamy macrophages in the tumor cells
[7]. The presence of lymphoid tissue and foamy macro-
phages represents diagnostic criteria of cellular schwan-
noma [7]. Such features were recognized in the present
tumor, confirming that the present tumor is cellular
schwannoma. Behrend et al. [1] and Oliver et al. [5] also
reported similar tumors of the juxtadrenal region.

Cellular schwannoma is occasionally misdiagnosed as
malignant tumors, in particular, malignant peripheral
nerve sheath tumors (MPNST) and leiomyosarcoma [2,
7]. MPNST show varied morphologies, such as glandular
and epithelioid features, and may resemble cellular
schwannoma. Well-differentiated leiomyosarcoma may
also resemble cellular schwannoma. The most important
differential diagnosis between cellular schwannoma and
MPNST and leiomyosarcoma is the number of mitotic
figures [2]. Peripheral nerve sheath tumors with mitotic
figures greater than 1 per 20 high-power fields may be
potentially malignant [2]. Smooth muscle tumors of

retroperitoneum with mitotic figures greater than 1 per
10 high-power fields may show malignant potential [2].
Other features suggestive of malignancy are tumor size,
necrosis, high cellularity, and nuclear atypia [2]. The
present tumor is small and shows no mitotic figures,
necrosis, or significant nuclear atypia. The low Ki-67
labeling in the present case also suggests benign nature.
Therefore, the present tumor is not malignant.

The tumor capsule in the present case showed
immunoreaction for alpha-smooth muscle actin. This
phenomenon has not been reported in juxtadrenal
schwannoma. This fact suggests that the capsule of the
present tumor shows smooth muscle or myofibroblastic
phenotypes. In summary, the authors presented a very rare
case of small juxtadrenal cellular schwannoma clinically
diagnosed as adrenal tumor.
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Fig. 2 a The periphery of the tumor. Lymphoid tissue (L) is noted
in and outside the capsule (C). Tumor tissue (T) is seen inside the
capsule. Hematoxylin & eosin (HE), �20. b The tumor is mainly
composed of spindle cells arranged in a fascicular pattern. Mitotic
figures are not seen. HE, �300. c Foamy macrophages in the tumor.
HE, �250
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Dear Sirs, thank you very much for giving me the
opportunity to review the recently published book on
renal fibrosis, edited by Claude Ronco, in the famous
series, Contribution to Nephrology.

Due to recent advances in cell biology and animal
pathophysiology, renal fibrosis has emerged as one of the
most important and interesting issues in kidney research.
Not only has it been shown that the extent of interstitial
fibrosis is the most important determinant of kidney
function, but we have also learned that various injuries to
the kidney may end directly or indirectly in the common
pathway of glomerular or interstitial fibrosis. In addition,
several clinically important therapeutic agents in renal
transplantation, such as cyclosporin A and FK506, are
known to induce tubular damage and interstitial fibrosis,
which have emerged as major players in long-term graft
survival. This specific and clinically most relevant topic is
nicely addressed in a separate chapter in the above-
mentioned book.

The textbook on renal fibrosis is certainly focused on
recent developments in the basic understanding of the
pathogenesis of interstitial fibrosis, with a particular focus
on causative factors, such as proteinuria, the molecular
mechanisms underlying cell injury, the important roles
and regulation of TGF-b, chemokines, signaling cascades
via NF-kappa B, the role of oxidant stress and the
regulation of extracellular matrix metabolism.

What one may possibly miss, however, is a chapter on
other non-traditional factors that are known to be
important in fibrosis and, in particular, in renal fibrosis,
such as endothelin-1, for which excellent experimental

and clinical evidence exists. Moreover, potential roles of
other profibrogenic factors, such as CTGF or BMP-7 and
its downstream signaling cascade, could have been
discussed.

Personally, I would prefer to see some of the excellent
schematic drawings in color. In addition, as a pathologist,
I would like to encourage some of the authors to contact
their pathologist to possibly help improve the quality of
their photomicrographs.

Certainly, the book is written by leading experts in the
field and is most interesting and worthwhile reading, in
particular for those who have a deep interest in the
pathogenesis of the mechanisms of renal fibrosis in
general, but also in some specific disease conditions. As
written in the preface, topic selection was performed
according to the level of necessary information on the
molecular basis of renal fibrosis (and this may explain the
lack of more figures to illustrate the findings).

Given the complexity of the topic and the abundance
of new information that has emerged in recent years on
this particular field, I feel that the book has undertaken an
enormous effort to bring together recent experimental in
vitro and in vivo data and to clearly define what is
important and what is probably only circumstantial. I
would, therefore, highly recommend the book to all
clinicians and scientists who are interested in a more
detailed understanding of renal fibrosis than what is
written in the current textbooks of either nephrology or
pathology.

K. Amann ())
Department of Pathology,
University of Erlangen,
Krankenhausestrasse 8–10, 91054 Erlangen, Germany
e-mail: kerstin.amann@patho.imed.uni-erlangen.de
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EXTRAORDINARY GENERAL ASSEMBLY

Day: Saturday, February 7, 2004,

Time: 15.30h. In the event of the General Assembly not being quorate a second General
Assembly based on simple majority will be called for 16.00h

Duration: about 2 hours.

Place: Palais des Congrès, Porte Maillot 75016, Paris – France

Agenda:

1. Welcome
2. Approval of agenda
3. Approval of the Minutes of the preceding General Assembly 

(Ljubljana, September 2003)
4. Report of the President 
5. Approval of the adaptation to the Belgian law of the Statutes 

and By-laws already approved in the General Assembly of Berlin 2001
6. Announcement and consequences of the results of the ballot for election 

of President-elect (2003-2005)
7. Report of the Chairman of the Organizing Committee of the 20th ESP Congress, 

Paris 2005
8. Any other business

Antonio Cardesa
President
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For further information, please contact: 
Mrs. M. Fontanière
Administrative Secretary
French Division of the I.A.P. 32 Cours Albert Thomas
69008, Lyon, France
Fax: 33478754311
E-mail: academie.pathologie@wanadoo.fr

9–12 May 2004
XIV EUROCELLPATH COURSE: The Impact of Proteomics
and Genomics in Pathology
Girona, Spain

The Organising Committee of the next EuroCellPath Course in-
vites you to come to the beautiful city of Girona to enjoy an out-
standing program on a very timely topic, addressed by leading au-
thorities in the field, in an inspiring setting. The subjects covered
in this course will be the following:

● DNA arrays: Methods and Goals
● Tissue Microarrays: A Tool for Rapid, Efficient Translational

Research
● Proteomics: From Genes to Functions
● Tissue Procurement and Handling: Laser Capture Microdissec-

tion and Other Techniques
● Bioinformatic Tools for Array Data Mining
● Application of Array Genomics and Proteomics in Pathology
● Molecular Pathology of Genes and Proteins: What to Look For

and When.
You may also submit your abstracts on these or other related top-
ics, to be presented either as platform or poster during the Course.

For further information, please contact:
Prof. Josep Lloreta-Trull (local organizer) 
Department of Pathology 
Hospital del Mar-IMAS-IMIM 
Universitat Pumpeu Fabra 
Passeig Marítim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es or enter the course website
http://www.tilesa.es/eurocellpath04/

10–14 May 2004 
Diagnostic Histopathology of Breast Disease
Hammersmith Hospital (Imperial College), London, UK

A week-long course designed for pathologists at Consultant and Se-
nior Trainee level. The course provides a comprehensive coverage of
the Histopathology of Breast Disease, with special emphasis on areas
that pose diagnostic difficulties. The participants will be given ample
time to study histological preparations, followed by illustrated dis-
cussion of the cases. There will be special sessions dealing with the
interpretation of core biopsies and fine needle aspirations. There will
also be several daily talks dealing with specific topics, given by emi-
nent breast pathologists and followed by discussion. The topics will
include reporting breast biopsies, immunohistochemistry, receptor
and c-erbB-2 assessment, dealing with the gross specimen, prognos-
tic factors, proliferative lesions/carcinoma in situ, problems in breast
pathology, mucinous lesions of the breast, a practical approach to the
diagnosis of breast lymphomas and molecular pathology including
the morphology of breast cancer associated with BRCA1 & 2 muta-
tion. The faculty will include Ian Ellis, Christopher Elston, Andrew
Hanby, Kristin Henry, Stephen Humphreys, Sunil Lakhani, Andrew
Lee, Naomi Livni, Sarah Pinder and Sami Shousha. 

Further details from:
Wolfson Conference Centre
Hammersmith Hospital
Du Cane Road
London W12 ONN, UK
Tel: (44) 20 8383 3117/3227/3245
Fax: (44) 20 8383 2428
E-mail: wcc@ic.ac.uk

11–15 February 2004
Conference on “Clinical Oncology 2004/2005”

In cooperation with the National Oncology Societies, the Tumor-
zentrum Düsseldorf (Director: Prof. Dr. med. R. Haas) will be
holding a five-day conference. The results will be published in a
symposium volume for the conference. More than 800 experts,
mainly from the field of oncology, are expected to attend. The
workshop will be held in the MNR Clinic, Lecture Hall 13A. The
following general topics have been scheduled:
Wednesday:
Pharynx, larynx, CUP syndrome, parotid gland, nasopharynx, skin
tumors
Bier, Dummer, Ganzer, Roth, Ruzicka, Schmitt, Schulte, Stadler,
Suter
Thursday:
Esophageal carcinoma, gastric carcinoma, colorectal carcinoma
Gabbert, Häussinger, Knöfel, Ramp, Röher, Röhrborn, Wettstein,
Willich, Sauer
Friday:
Seminoma, urinary bladder carcinoma, prostatic carcinoma, renal
cell carcinoma
Ackermann, Alberti, Alken, Bamberg, Fornara, Hartmann, Rübben,
Vögeli, Wirth
Saturday:
NHL, Hodgkin’s disease, ALL, AML, CML, multiple myeloma,
bronchial carcinoma, thymona
Bentz, Böhner, Gattermann, Germing, Haas, Kobbe, Stilgenbauer,
Schmitt
Sunday:
Mammary carcinoma: biology, new treatment standards
Bender, Dall, Gerber, Harbeck, Kaufmann, Mallmann, von Mick-
witz, Nitz, Yarnold
Head of the organization team: Prof. Dr. Stephan Roth, Klinik für
Strahlentherapie, Moorenstr. 5, Postfach 101007, 40001 Düsseldorf,
Germany
The conference fee will be E30 per day.
The symposium volume published for the conference can be pur-
chased for E20.
For further information, please contact:
Head of the organization team:
Prof. Dr. Stephan Roth
Klinik für Strahlentherapie
Heinrich-Heine-Universität
Moorenstr. 5
40225 Düsseldorf
Germany
Tel.: +49 (0)211 811 8989/7990
Fax: +49 (0)211 811 8051
e-mail: roth@med.uni-duesseldorf.de
www.uni-duessdorf.de/tumorzentrum

1–2 April 2004
Thyroid Pathology for the Practicing Pathologist
15 rue de l’Ecole de Médecine, Paris, France

Join us for a Springtime meeting in Paris!!
A 2-day course will take place in Paris under the auspices of the 
French Division of the I.A.P. This course will be given in English by
Prof. M. Sobrinho-Simoes (Porto) and Prof. R. Heimann (Brussels).
It will consist of lectures alternating with slide reviews and a slide
seminar over a multihead microscope. The slide seminar (on CD)
will be sent before the meeting. The audience will be limited to 22
participants. 
Course fee: 390 euros (320 euros for members of any IAP division).
The fee includes registration, hand-out, CD of the slide seminar
and coffee breaks.



4–5 June 2004
15th Ljudevit Jurak International Symposium 
on Comparative Pathology
(http://www.kbsm.hr/Jurak/symposium.htm), will be held 
in Multimedial center Sestre milosrdnice University Hospital, 
Vinogradska 29, Zagreb, Croatia.

The main symposium topic is head and neck pathology (in-
cluding ophthalmopathology). Symposium includes following
sections: Pathological Morphology of the Human and Animal 
Diseases, Iatrogenic, Environmental and Experimental Pathology,
Herman Jurak Round Table on Rheumatological Pathology, Tele-
pathology on-line conference, Clinical Forensic Pathology, Slide
Seminars in Histopathology and Cytopathology, Quiz on Patho-
logy.

For further information please contact:
Davor Tomas, M.D.
Ljudevit Jurak Clinical Department of Pathology
Sestre milosrdnice University Hospital
Vinogradska 29
10000 Zagreb, Croatia
Phone: 385-1-3787-909
Fax: 385-1-3787-244
e-mail: dtomas@kbsm.hr, juraks@kbsm.hr

1–11 June 2004
International course on Laboratory Animal Science
Utrecht, The Netherlands

A two week intensive course on laboratory animal science will be
organized at the Department of Laboratory Animal Science – Ut-
recht, The Netherlands in June 2004. This course is organized
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their location. For this purpose, during the
course the acquisition of teaching materials can be discussed with
the course committee.

For information and application forms please contact:
Prof. L.F.M. van Zutphen, PhD or
Mr. Stephan van Meulebrouck, MA
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Tel.: ++31-30-2532033
Fax: ++31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click on “Education and Training”)

11–16 July 2004
ULTRAPATH XII: Conference on Diagnostic Electron Micros-
copy with Surgical, Clinical, and Molecular Pathology Corre-
lations
Barcelona, Spain

The scientific program will cover diagnostic Electron Microscopy
as well as Diagnostic Pathology – with immunohistochemical and
molecular correlations – and translational research. Renowned ex-
perts in the field from both sides of the Atlantic will present up-
dated comprehensive reviews of significant areas of Pathology. In
addition, a new section of the meeting will be devoted to a Patho-
logy Review Course. Platform and Poster presentations will also
be an important part of the program.

For further information, please contact:
Josep Lloreta-Trull, M.D., Ph.D. (chairman)
Department of Pathology, Hospital del Mar-IMAS-IMIM
Universitat Pompeu Fabra
Passeig Maritim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es.
The Application form and Abstract form can be found on the
meeting website, http://www.tilesa.es/ultrapath04/

27–30 July 2004, London
Practical Pulmonary Pathology

This course is designed to provide histopathology and cytopatho-
logy trainees and consultants with an opportunity to study dia-
gnostic lung pathology in a comprehensive manner. It comprises
lectures and practical microscopy sessions, the latter making up
roughly half the time and consisting of individual study of a
unique collection of cases.

For further details and application forms please contact:
Professor B Corrin, 
Brompton Hospital
London SW3 6NP
Fax: +44 20 7351 8293. 
E-mail: b.corrin@ic.ac.uk
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New manuscript submission and processing:
Virchows Archiv goes online!

Published online: 28 January 2004
� Springer-Verlag 2004

Beginning in mid-February 2004, Springer-Verlag will
introduce an online system for manuscript submission and
editorial processing. With ManuscriptCentral (MC), all
processing of manuscripts for Virchows Archiv, from
submittal to acceptance for publication, will be exclu-
sively electronic and online. The author’s initial submittal
of a manuscript will be online (rather than via mailed
paper copy). The Editor-in-Chief, Managing Editors, and
reviewers will all retrieve the manuscript online, the
author will receive reviewer comments and the publica-
tion decision by e-mail and will submit a revised
manuscript online, and the final accepted manuscript will
be forwarded to the publisher online.

Everyone will have access to the same online system.
The new system announced here makes processing of a
manuscript, from submittal to publication, completely
electronic. These new arrangements should provide sev-
eral advantages.

The length of time between the manuscript submittal
and the publication decision will be shorter because, not

only will manuscript transactions be transported nearly
instantaneously, but also all transactions will be carefully
tracked by the Administrative Center.

Authors need not make and send multiple copies of
their manuscripts, but can prepare their initial manuscript
in the exact final electronic format required for publica-
tion. Mailing and courier costs will be reduced for authors
and staff because most transactions will now occur online.

The Administrative Center will prompt all editors and
reviewers to keep to promised completion schedules for
each review step on each manuscript. Logging into MC
for electronic manuscript submission is simple. Online,
connect to: http://VirchArch.manuscriptcentral.com. The
first time you do this, please check for an existing
account. Click the ‘‘check for existing account’’ button. If
an account exists, you will then receive an automatic e-
mail containing your user ID and password. If no account
exists, please click “create a new account” and follow the
instructions given on the screen, and a new user ID and
password will be e-mailed to you. Once you have an
account, simply type your user ID and password, and MC
will open for you. Complete instructions and help
regarding online submittal of a manuscript can be found
in MC. After logging in, authors may submit a new
manuscript or track a previously submitted manuscript,
and reviewers may open and download manuscripts for
review. Users’ access to information in MC depends on
their roles. Authors may only view some information
regarding their own manuscripts, reviewers may access
the manuscripts and review forms, Managing Editors may
additionally access reviewer comments, and the Editor-in-
Chief may view all information for all manuscripts. Paper
manuscript submittal will only be accepted by Virchows
Archiv when it is impossible for the author to submit
online. If for some reason the authors cannot access
ManuscriptCentral, they are asked to send electronic text
files and graphics so that all documents may be submitted
online by the Administrative Center instead of the author.

Editor-in-Chief Managing Editor
Heinz H�fler G�nter Kl�ppel

H. H�fler ())
Institut f�r Pathologie,
Klinikum Rechts der Isar,
Ismaninger Strasse 22, 81675 M�nchen, Germany
e-mail: hoefler@lrz.tum.de
Tel.: +49-89-41404160
Fax: +49-89-41404865

G. Kl�ppel ())
Institut f�r Pathologie,
Universit�tsklinikum S-H,
Michaelisstrasse 11, 24105 Kiel, Germany
e-mail: gkloeppel@path.uni-kiel.de
Tel.: +49-431-5973400
Fax: +49-431-5973462

Heinke Br�tting
Institut f�r Pathologie
Universit�tsklinikum Schleswig-Holstein
Michaelisstrasse 11
24105 Kiel, Germany
Tel.: +49-431-5973423
Fax: +49-431-5973430
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Dear members,

Our European Society of Pathology (ESP) is a well-
established and flourishing society, founded 40 years ago.
At present, we are approximately 1200 members, nearly
90% in good financial standing. Such a large number is
unprecedented, due mainly to the high quality of the
scientific programmes that the ESP has promoted in
recent years. This has attracted a steady increase from
new generations of enthusiastic European pathologists.
Under the auspices of the ESP, 19 biennial congresses
have been organised and well attended. The most recent
was held in the delightful and friendly city of Ljubljana in
September 2003 and was scientifically very successful
and socially most enjoyable. Plans are well advanced for
the 20th Congress, to be held in Paris in 2005, and
arrangements are also under way for the 21st Congress in
Istanbul in 2007.

In addition to the main congresses, the ESP has
recently introduced intercongress meetings, which focus
particularly on the activities of the working groups. The
first was held in 2002 in Baveno, Italy, and was a
great success. A second has been scheduled for 2006 in
Ioannina, Greece. The other even-numbered year is now
occupied by the intercontinental congresses, jointly or-
ganised with the Latin American Society of Pathology.
The first was held in 2000 on the beautiful island of
Madeira, and the second will take place in June 2004 at
the spectacular Igua�u Falls, Brazil. In addition to
congresses, the ESP promotes courses at the European
School of Pathology (EScoP). These courses are intensive
and practically oriented and are very efficiently hosted
annually in Turin, Italy, with some being repeated the
following year in Krakow, Poland, or in Moscow, Russia.
The ESP also sponsors similar courses at the University of

Ioannina, aimed particularly at young pathologists in
Greece and the Balkans. All of these courses contribute
quite decisively to the continuous improvement of the
diagnostic standards of pathology throughout Europe and
have been attended by several hundred young European
pathologists.

The ESP has been eager since its origins to promote
basic research in pathology. This crucial aim is being
accomplished very effectively through another specific
body, the European Course on Cellular Pathology
(EUROCELLPATH), which, each year, in a different
city of Europe, organises quite selective courses devoted
to the more timely topics in molecular and experimental
pathology. EUROCELLPATH is a most valuable tool in
the hands of the ESP, efficiently enhancing the knowl-
edge of numerous young experimental pathologists
throughout our continent.

The working groups are developing as true “European
Task Forces of Specialisation in Pathology” and, at the
same time, are evolving as crucial links between applied
and basic research in each area of speciality. They are an
effective way of assembling, by fields of interest, previ-
ously disconnected pathologists throughout Europe. As a
result, members of the working groups have a forum for
discussion and stimulation of new ideas, and several
multi-institution studies have resulted.

Virchows Archiv, the official journal of the ESP,
celebrated its 100th anniversary in 2003. This journal is
not only a legend in the history of European pathology,
but, over recent years, it has been updated and restruc-
tured to take its rightful place at the forefront of
international pathology journals, and, for example, it
now accepts papers with colour illustrations at no extra
charge. This is a two-way street, as the link with the ESP
has very much helped Virchows Archiv’s impact factor to
rise above 2.0. This increase in scoring will attract even
more high-quality papers and, thus, increase the circula-
tion and readership of the journal.

The ESP is regulated in conformity with the provisions
of Belgian law and ruled according to its own statutes and
bylaws. The General Assembly is the supreme body of the

A. Cardesa ())
Universitat Clinica Barcelona,
Depto. Anatomia Patologica,
Calle Villarroel 170, 08036 Barcelona, Spain
e-mail: acardesa@clinic.ub.es
Fax: +34-93-2275717



Society, but among general assemblies, the ESP is
directed by an executive committee. It is assisted, in
particular, by an advisory council, which has a purely
counselling role and helps in planning the programmes of
congresses, by a finance committee and by a nomination
committee, which advises in nominating officers and
committee members. A newly introduced Meeting of
Chairpersons of working groups now helps to co-ordinate
the activities and structure of these groups. Members are
kept informed of the activities of the Society by the
bulletin, Europath News, which is periodically inserted
in Virchows Archiv, and also by the ESP Website,
http://www.europathology.org.

While the scientific structures of the ESP have
modernised in recent years, updates to the regulations of
the ESP have not kept pace with newer requirements. This
is understandable, as most ESP members feel profession-
ally that promotion of science in pathology has a higher
priority than legal and administrative issues. Neverthe-
less, this very reasonable explanation should not be used
to justify delays.

Although adaptation to change has led to publication
of four new editions of the statutes and bylaws since 1989
(see Members Handbook 2003), further evolution remains
necessary, for example, to consider how the impact of the
internet and e-mail could help bring together such a
geographically widespread society. In particular, I feel
that our procedures for the election of officers and
members of the executive committee need updating and
clarification, especially in light of the recent unexpected
difficulties encountered in the election of a President-
elect and also in regard to the subsequent resignation of
the Secretary. It is, therefore, an urgent need for the ESP
to appoint a constitutional committee to look at these
regulations to reconsider the electoral regulations cur-
rently in force and, if pertinent, to draw up new
procedures for the election of officers and members of
the executive committee, seeking approval for them at an

extraordinary General Assembly. This will ensure that
there will be a smooth handover of officers at the
European Congress in 2005 and thereafter.

I can report that a new Secretary has been appointed
for 2003–2005 by the executive committee; this is a
temporary position until the next General Assembly. The
postal ballot to confirm or not the position of President-
elect will allow the whole membership to express its
collective view and should be known by the time this
address is published. The next step will be for the
executive committee to endorse the result of the ballot
and proceed accordingly. It is then envisaged that the
extraordinary General Assembly scheduled for 7 February
2004 in Paris (see announcement in Virchows Archiv,
November 2003) will finally settle these issues. I believe
that it is in the uppermost interest of the ESP to have a
duly elected President-elect and Secretary as soon as
possible, and that these somewhat complex democratic
procedures will result in candidates acceptable to all. I ask
all of you to support this procedure and to contribute, at
the same time, to restore the traditional harmony and the
friendly atmosphere that has always been the basis for the
splendid scientific growth of our society.

Last, but not least, I want to express my thanks to you
all for your generous support, as well as to my predeces-
sors in office and to the previous and present officers,
members of committees and organisers of congresses for
their brilliant dedication, tremendous amount of work and
invaluable contributions to the success of the ESP. I am
confident that despite short-term administrative difficul-
ties, our vibrant ESP will continue to thrive in the future
as it has done up to now.

Yours sincerely,
Antonio Cardesa
President
Barcelona, November 2003
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Abstract Gastrointestinal stromal tumours (GISTs), the
most common mesenchymal tumours of the digestive
tract, are largely resistant to chemo- and radiotherapy.
They are currently defined by their overexpression of the
KIT receptor tyrosine kinase (CD117), a member of the
family of receptor tyrosine kinases (RTKs), and exhibit
KIT mutations in more than 85% of cases. Additionally, in
more than one-third of KIT wild-type GISTs, mutations of
platelet-derived growth factor receptor a (PDGF-Ra),
which also belongs to the family of RTKs, were recently
found. Since these data indicate that uncontrolled RTK
signalling may be implicated in the pathogenesis of
GISTs, RTKs and the activated downstream signalling
cascades are attractive targets in the therapy of these
tumours. Imatinib is a small-molecule inhibitor that
selectively blocks the activity of the PDGF-R, ABL and
KIT receptor tyrosine kinases by competitive binding to
the adenosine triphosphate binding site of their catalytic
domains. We herein review the molecular pathological,

preclinical and clinical data that identify imatinib as a
valuable new agent in the treatment of GISTs.

Keywords GIST · KIT · PDGF-Ra · Targeted therapy ·
RTK inhibitor · Imatinib

Introduction

Gastrointestinal stromal tumours (GISTs) are the most
frequent mesenchymal tumours of the gastrointestinal
tract. GISTs are now considered to be derived from
interstitial cells of Cajal (ICC) or from stem cells with the
capacity to differentiate towards ICC [30, 39] and are
defined by overexpression of the KIT receptor tyrosine
kinase (CD117) in the vast majority of cases [20]. KIT is
a transmembrane type-III receptor tyrosine kinase, which,
together with platelet-derived growth factor receptor a
(PDGF-Ra), PDGF-Rb, colony-stimulating factor-1R and
FLK2/FLT3, belongs to the PDGF subfamily of receptor
tyrosine kinases (RTKs) (Fig. 1) [4]. KIT is activated
when the extracellular portion binds its ligand, known as
stem cell factor (SCF) [70]. KIT is essential for the
development of haematopoietic progenitor cells, mast
cells, melanocytes, germ cells and ICC [24]. Oncogenic
KIT mutations have been identified in corresponding
neoplasms, such as mastocytosis, acute myeloid leukae-
mia, chronic myeloproliferative disease, seminoma/dys-
germinoma and also GIST [22, 30, 44, 50, 53, 62]. The
first report on KIT exon 11 mutations in GIST document-
ed not only ligand-independent activation of KIT tyrosine
kinase activity, but also the capacity to induce malignant
transformation in vitro [30]. Activating KIT mutations,
affecting mostly exon 11, but also exons 9, 13 and 17, are
present in more than 85% of GISTs, small, incidental
tumours being included [11, 31, 42, 51, 54, 61, 68].
However, the majority of gastric GISTs with epithelioid
phenotype examined were of KIT wild type [1, 14, 68].
Interestingly, it was shown that GIST patients with
missense KIT exon 11 mutations had a significantly
higher 5-year recurrence-free survival than GIST patients
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65th birthday.
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with other mutation types, and the presence of deletion/
insertion KIT exon 11 mutations was identified as an
independent negative predictor of disease-free survival
[58]. Most recently, the type of KIT mutation was also
found to be of prognostic relevance. Thus, KIT exon 11
mutations involving codons 557 and/or 558 were shown
to be not only associated with a malignant phenotype, but
also with metastatic behaviour of GISTs [69]. Moreover,
an association between KIT exon 9 mutations and
aggressive behaviour and non-gastric primary site of
GISTs was reported [1]. These data, together with the
presence of germ line mutations of the KIT gene in
familial GISTs [32], implicate KIT activation as a central
and early event in the pathogenesis of GIST [51].
However, there is a subset of GISTs with KIT wild-type
being also devoid of high levels of total KIT protein
expression. Most recently, activating PDGF-Ra mutations
affecting exons 12 and 18 were detected by two
independent groups in 14 of 40 and in 5 of 8 KIT wild-
type GISTs, while being absent in any of 36 and of 10 KIT
mutant GISTs examined [28, 33]. The biochemical
consequences with respect to activating downstream
signalling intermediates (Fig. 2), however, were similar
in KIT mutant and PDGF-Ra mutant GISTs, as were the
cytogenetic changes associated with tumour progression
of the GISTs [28]. These data implicate PDGF-Ra, like
KIT a member of the RTK family, in the pathogenesis of
GISTs as well.

The development of imatinib mesylate (hereafter
imatinib, formerly STI571, Glivec; Novartis, Basel,

Switzerland), a selective small molecule inhibitor not
only of ABL and PDGF-R, but also of KIT receptor
tyrosine kinases [7, 25], has opened a new therapeutic
perspective for the treatment of GISTs, which are largely
resistant to chemo- and radiotherapy [15].

Receptor tyrosine kinases as targets
for anticancer drugs

RTKs, a family of transmembrane cell surface receptors
for growth factors and other ligands, are important
regulators of cellular tyrosine phosphorylation and medi-
ators of intracellular signalling [36, 56]. At present, 20
different RTK subfamilies are known, of which at least 13
are implicated in human malignancies (Fig. 1) [4]. The
RTKs share in common an extracellular, ligand-binding
domain, a membrane-spanning region and an intracellular
domain containing the kinase enzymatic domain. RTK
activation normally occurs through binding of the ligand
that induces RTK dimerisation and autophosphorylation
of specific tyrosine residues in the kinase domain. The
resulting phosphotyrosines carry docking sites for various
cell-signalling proteins and induce substrate binding and
crossphosphorylation. These steps finally activate com-
plex cell-signalling cascades that control cell growth,
proliferation, adhesion, migration, differentiation and
apoptosis. The most important downstream signalling
cascades activated by RTKs include the Ras-extracellular
regulated kinase-mitogen activated (MAP) kinase path-

Fig. 1 Receptor tyrosine kinases (RTKs) involved in human
malignancies (modified according to Blume-Jensen and Hunter
[4]). Each RTK subfamily is represented by a prototypic receptor.
The KIT/stem cell factor (SCF)-receptor belongs, together with
PDGF-Ra, PDGF-Rb, colony-stimulating factor-1R and FLK2/
FLT3, to the platelet-derived growth factor receptor subfamily
(PDGF). Other RTK subfamilies: VEGFR vascular endothelial
growth factor receptor, NGFR nerve growth factor receptor, FGFR

fibroblast growth factor receptor, TIE tyrosine kinase receptor in
endothelial cells, AXL Tyro3 protein tyrosine kinase, EPHR ephrin
receptor, RET rearranged during transfection, ROS RTK expressed
in some epithelial cell types, LTK leukocyte tyrosine kinase, HGFR
hepatocyte growth factor receptor, EGFR epidermal growth factor
receptor, InsulinR insulin receptor, Ig immunoglobulin-like do-
main, AB acidic box, EGFD epidermal growth factor-like domain,
CRD cystein-rich domain, CadhD cadherin-like domain
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way, the phosphoinositide 3-kinase-Akt and the Janus
kinase/signal transducer and activator of transcription
pathways (Fig. 2) [56, 71].

In normal cells, the activity of RTKs and their
mediated cellular signalling is closely coordinated and
controlled. The RTK signalling system can be deregulated
either by stimulation through autocrine–paracrine growth
factor loops or by gene amplification/overexpression or
gene mutation of RTKs. This results, in most instances, in
RTKs with constitutive or strongly enhanced signalling
capacity, leading to malignant transformation [4].

Since uncontrolled RTK signalling is implicated in the
pathogenesis of a variety of tumours, RTKs and the
activated signalling cascades are attractive targets in
cancer therapy. Strategies for the generation of target-
selective anti-cancer drugs include the development of
compounds that target the extracellular ligand-binding
domain, the intracellular tyrosine kinase domain or the
substrate-binding region. Compounds presently being
evaluated as inhibitors of signal transduction comprise

monoclonal antibodies, which bind to the extracellular
domains of RTKs, small-molecule inhibitors, which
compete with the adenosine triphosphate (ATP) binding
site of the catalytic domain of the enzymes and, as
alternative strategies, immunotoxins or antisense oligo-
nucleotides [71]. The clinical value of cancer drugs
targeted against specific molecular abnormalities has first
been proven by the success of trastuzumab (Herceptin), a
monoclonal antibody against the Her-2/neu receptor
tyrosine kinase, in the treatment of breast cancer [2,
55]. Meanwhile, imatinib, a small-molecule inhibitor of
ABL, KIT receptor and PDGF-R tyrosine kinases, is
established in the treatment of chronic myeloid leukaemia
and of GISTs [13, 16].

Fig. 2 Schematic illustration of selected signalling pathways
activated by RTKs (e.g. KIT, platelet-derived growth factor
receptor). The PI3 K (phosphoinositide-3-kinase; orange) pathway
leads to the activation of PDK1 (3-phosphoinositide dependent
protein kinase-1) and Akt/PKB (protein kinase B). Activated Akt/
PKB promotes cell survival via phosphorylation and inactivation of
components of the apoptotic pathway, including BAD (BCL2-
antagonist of cell death), Caspase 9 and FKHRL1 (forkhead in
rhabdomyosarcoma-like 1). Activation of NFkB (nuclear factor
kappa B) further opposes apoptosis. The Ras/MAP kinase pathway
(blue) is initiated by the adapter molecule Grb2 (growth factor
receptor-bound protein 2), which forms a complex with Sos1 (son
of sevenless homologue 1), a nucleotide exchange factor for Ras
(rat sarcoma viral oncogene homologue). Activated Ras interacts
directly with Raf1 (murine leukemia viral oncogene homologue 1),

the first kinase in the MAPK (mitogen-activated protein kinase)
cascade. Stimulation of the MAPK cascade results in cell prolif-
eration mediated by transcription factors such as the AP-1
(activator protein-1) transcription factor complex. Another potent,
Ras-independent activator of the MAPK cascade is PKC (protein
kinase C), which is activated by PLCg (phospholipase C gamma 1).
The recruitment of the Src tyrosine kinase by direct binding to
activated RTKs leads to its activation resulting in various cellular
effects, including activation of c-myc (avian myelocytomatosis
viral oncogene homologue). Activation of the JAK/STAT pathway
(green) occurs either by direct phosphorylation of STATs (signal
transducer and activator of transcription) or is mediated through
receptor-recruited JAKs (Janus kinases). Phosphorylated STATs
dimerize and translocate to the nucleus, where they activate the
transcription of cytokine-responsive genes
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The tyrosine kinase inhibitor imatinib

Development of imatinib and its role
in chronic myeloid leukaemia

Imatinib is a small-molecule inhibitor of the 2-pheny-
laminopyrimidine class that competitively binds to the
ATP binding site at the catalytic domain of selected
tyrosine kinases, thus inhibiting the tyrosine phosphory-
lation of their substrates, blocking the downstream
signalling and inhibiting cell growth. It was initially
identified in a high-throughput screen for compounds that
block the activity of the PDGF-R tyrosine kinase [5].
Soon after, imatinib was shown to inhibit ABL and KIT
receptor tyrosine kinases as well [6, 7, 25]. In vitro,
imatinib blocked the growth of BCR-ABL-expressing
cells with little effect on normal cells or cells expressing
the related tyrosine kinase Src [18]. Given that chronic
myeloid leukaemia (CML) is in approximately 95% of
cases characterised by the Philadelphia translocation,
t(9;22)(q34;q21), which results in the BCR-ABL chimeric
fusion gene, imatinib was evaluated as a molecular
targeted therapy in this tumour entity. Since haematolog-
ical responses to imatinib treatment have been observed
in 95% of patients with CML in chronic phase after
failure of interferon-a therapy, in 71% of patients with
CML in accelerated phase and in 31% of patients with
CML in myeloid blast crisis, imatinib treatment proved to
be a promising new compound in the treatment of CML
patients [13, 34]. Meanwhile, a considerable number of
studies have confirmed the clinical value of imatinib in
the treatment of CML, either alone or in combination with
cytostatic drugs [13].

Role of imatinib in GISTs

Preclinical experience with imatinib in GISTs

In two GIST cell lines, expressing activating KIT
mutations in exons 11 and 13, respectively, constitutive
tyrosine phosphorylation was rapidly and completely
abolished in vitro upon administration of imatinib, and
effective inhibition of proliferation and apoptosis were
observed after prolonged incubation with imatinib [64].
These in vitro data provided a rational basis for the
clinical use of imatinib in the treatment of GISTs.

Clinical experience with imatinib in GISTs

The first report of a 50-year-old female patient with a
metastatic, KIT mutation-positive GIST of the stomach
treated with imatinib documented a remarkable response
[37]. In a phase-I study performed by the European
Organization for Research and Treatment of Cancer
(EORTC) Soft Tissue and Bone Sarcoma Group (STBSG),
objective responses to treatment with imatinib were
seen in 25 of 36 GIST patients at all dose levels applied

(400–1000 mg daily) [66]. Of these patients, 19 had
confirmed partial responses, and 6 had unconfirmed
partial responses or 20–29% regressions; 7 patients were
stable, and 4 had progressive disease. Dose-limiting toxic
effects included severe nausea, vomiting, edema or rash
and were observed in 5 of 8 patients on 500 mg imatinib
treatment twice daily. Intratumoural bleeding was seen in
3 patients. In a phase-II multi-centre trial performed in the
United States [16], 79 of 147 patients (54%), who were
randomly assigned to receive 400 mg or 600 mg of
imatinib once daily, had a partial response, and 41
patients (28%) had stable disease. In 20 patients (14%),
disease progression was noted. The therapy was generally
well tolerated, although mild-to-moderate adverse events,
mostly oedema, frequently periorbital, followed by diar-
rhoea, myalgia and fatigue were common. Serious
adverse events occurred in 21% of patients, inter alia
gastrointestinal or intra-abdominal haemorrhage, proba-
bly related to therapy-induced tumour necrosis, in
approximately 5% of patients, who had large, bulky
tumours.

In two ongoing phase-III trials, GIST patients are
randomly assigned to imatinib 400 mg once daily or
400 mg twice daily. In the Sarcoma Intergroup S0033
study performed in the United States, 746 patients were
registered, of which 486 remained on protocol with a
median follow-up of 14 months at the presentation of the
early results [3]. There was no evidence for a difference in
the response rate between the two dose levels of imatinib
given, while its effective anti-tumour activity was
confirmed: the overall response rate was 43% at
400 mg imatinib and 41% at 800 mg imatinib. The
progression-free survival at 6 months was estimated at
80% versus 82% for the 400 mg versus the 800 mg arm,
respectively. The overall survival at 6 months was
estimated at 91% versus 92% for the two dose levels. In
the trial performed by the EORTC STBSG, the Italian
Sarcoma Group and the Australian Gastro-Intestinal
Tumors Group, 946 patients were registered. At interim
analysis, 615 patients with a median follow-up of
8.4 months were able to be evaluated for efficacy of
treatment with 400 mg versus 800 mg imatinib [67]. In
both the low dose and the high dose arms, 43% of the
patients showed objective responses (OR) to imatinib
treatment. The 1-year OR estimates were 54% versus
57% for the 400 mg versus the 800 mg arm. The
progression-free survival estimates at 6 months and
12 months were 73% versus 78% and 64% versus 69%.

Most recently, imatinib treatment has also been
performed in a neoadjuvant setting [8], and adjuvant
trials testing the value of imatinib after complete resection
in patients with high risk GISTs and with GISTs �3 cm
have been initiated [12].

Radiographic monitoring of imatinib treatment in GISTs

Computed tomography (CT) and magnetic resonance
imaging (MRI) are the anatomic imaging techniques most
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broadly used to assess the response to imatinib treatment.
Response is characterised by a cyst-like appearance of the
lesions, followed by a reduction in size to complete
disappearance of some of the tumour nodules [16, 37].
Using contrast-enhanced CT imaging, it was confirmed
that hepatic metastases from GISTs that respond to
therapy with imatinib can appear as near-cystic lesions
with well-defined borders after 8 weeks of treatment [10].

Standard [18F]fluoro-2-deoxy-d-glucose positron emis-
sion tomography (FDG-PET) complements the anatomic
imaging techniques. In FDG-PET scans, retention of the
[18F]fluoro-2-deoxy-d-glucose tracer correlates with in-
creased metabolic tumour activity relative to normal
tissue [65]. FDG-PET was shown to be a rapid and
sensitive indicator of response or resistance of GISTs to
imatinib [65]. In a phase-II multi-centre trial performed in
the United States, the [18F]fluoro-2-deoxy-d-glucose
uptake into tumour had decreased markedly from baseline
as early as 24 h after a single dose of imatinib in all
patients with a response, indicating a strikingly early
metabolic response [16]. However, an increase in tumour-
related glycolytic activity and/or activity at new sites was

observed in all patients with disease progression [12].
Also, FDG-PET results correlated with subsequent evi-
dence of a response or progression on CT and MRI, which
have a higher spatial resolution [16, 66]. Therefore, FDG-
PET seems to be particularly useful for the early
identification of patients whose GISTs will respond to
therapy. However, since PET studies are not ubiquitously
available and are cost intensive, CT or MRI techniques
are more suitable for follow-up studies outside of
controlled clinical studies. In addition, not all GISTs
have sufficient glucose uptake at baseline evaluation for a
positive FDG-PET [66].

Case example

A male Caucasian patient was diagnosed with GIST on
ultrasonograph-guided fine-needle biopsy of a large
abdominal tumour with sonographically identified syn-
chronous liver metastases at the age of 42 years. Subse-
quently, total gastrectomy en bloc with omentectomy,
splenectomy and resection of liver segments 2/3 was

Fig. 3 Gastric primary tumour: A plump spindled tumour cells
arranged in interwoven fascicles [hematoxylin and eosin (H&E),
original magnification �180], merging imperceptibly with B solid
sheets of epithelioid tumour cells with vacuolated cytoplasm (H&E,
original magnification �180). C Liver metastasis displaying plump,

spindled tumour cells sharply demarcated from the adjacent liver
tissue (H&E, original magnification �180). D Consistent expres-
sion of CD117/KIT in the neoplastic population of the gastric
primary tumour (immunoperoxidase, original magnification �180)
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performed in the Department of Surgery, University of
Heidelberg (Germany). Histological examination of the
operation specimen confirmed the diagnosis of a gastric
GIST with liver metastases, predominately composed of

spindled with foci of epithelioid tumour cells (Fig. 3A, B,
C). The tumour cells of both the primary gastric lesion
and the liver metastases showed co-expression of CD117
and CD34 in the absence of any detectable muscle-
specific actin, desmin and S100 protein (Fig. 3D).
Mutational analysis revealed a combined insertion/dele-
tion mutation of KIT exon 11 (c.1668_1677 delinsACCT)
in both the primary gastric tumour and in one liver
metastasis examined, while non-neoplastic tissue showed
KIT wild-type sequences (Fig. 4). Total body hyperther-
mia was initiated as an individual “trial of curing” upon
the explicit request of the patient 5 months after diagnosis
of GIST. Under this treatment, the liver metastases
progressed as documented by CT. Oral treatment with
imatinib 400 mg daily was started after written informed
consent was obtained from the patient and continued with
confirmed favourable response 10 months after diagnosis.
The drug was well tolerated; transient orbital oedema did
not require dose reduction. Follow-up of the liver
metastases by MRI (axial Gd-enhanced T1-weighted)
showed a considerable reduction in volume and contrast-
enhancement with cyst-like appearance under continuous
imatinib treatment (Fig. 5A, B, C). The volume reduction

Fig. 4 Partial cDNA sequence corresponding to exon 11 of the KIT
gene. The wild type sequence was found in normal tissue samples
of the patient’s stomach and liver (NT). The deletion (10 bp)
identified in the tumour samples of the stomach and the liver is
boxed in the wild-type sequence. Within the cDNA sequence
determined for both tumour samples (TU) the concurrent insertion
(4 bp) is boxed and grey shaded. The codons are indicated above
(NT) and below (TU) the cDNA sequences

Fig. 5 Magnetic resonance imaging (axial Gd-enhanced T1-weight-
ed) follow-up studies of the liver metastases during imatinib
treatment (A–C): compared with initial findings prior to therapy
(A), the liver metastases showed a considerable reduction in
volume after 6 months (B), and after 12 months (C) of continuous

treatment. Initial contrast enhancement with solid hyperintense
lesions (A) changed to rim-like or hypointense, cystic lesions (B,
C). D the volume reduction of the four largest liver metastases
(met. 1–met. 4) ranged from 40% to 60% after 6 months and from
53% to 75% after 12 months of continuous treatment
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of the four largest metastases ranged from 40% to 60%
after 6 months and from 53% to 75% after 12 months of
continuous treatment compared with the pretreatment
volume (Fig. 5D).

Histopathological monitoring of imatinib treatment
in GISTs

Tumour biopsies performed before and after onset of
treatment in a subgroup of cases have given insight into
the histopathological changes in GISTs responsive to
imatinib [8, 16, 37]. Histologically, responsive, cyst-like
GIST lesions were characterised by markedly reduced
numbers of tumour cells, which were embedded within a
myxohyaline stroma, frequently with prominent stromal
haemorrhage. The residual tumour cells often showed
pyknotic nuclei, which, based on the absence of any
detectable expression of the Ki-67 proliferation antigen,
were suggested to be not actively dividing.

Influence of the mutational status
on treatment response in GISTs

KIT consists of an extracellular domain with five
immunoglobulin-like repeats, a transmembrane domain,
a juxtamembrane domain and a tyrosine kinase domain
with an insert that splits the kinase domain (Fig. 6).
Recently, it has been observed that different classes of
activating KIT mutations respond differentially to KIT
inhibitors. Thus, for example, the KIT codon 816
mutation found in adult-type human mastocytosis, which
causes residue substitution (i.e. D816V) in the activation
loop located at the entrance of the enzymatic pocket, is
resistant to imatinib [44]. Concerning GISTs, the effec-
tiveness of imatinib in inhibiting the constitutive tyrosine
kinase activity has been demonstrated for KIT mutations
affecting exon 11 (juxtamembrane domain) and exon 13
(kinase domain I) [26, 64]. Recently, it was reported that
imatinib also inhibited MAP and Akt phosphorylation of
murine lymphoid Ba/F3 cells transfected with mutant
KIT del559–560 (exon 11) and mutant KIT 642Glu (exon 13)
[9]. At higher concentrations, KIT, MAP and Akt
phosphorylation was also inhibited by imatinib in murine
lymphoid Ba/F3 cells transfected with mutant KIT 820Tyr

(exon 17) [9]. However, the activity of imatinib against
KIT exon 9 and exon 17 mutations, the latter resulting in
substitution of either lysine or histidine for asparagine 822
[51], in GISTs has not been reported thus far. Interest-
ingly, the likelihood of a clinical response to imatinib, as
well as the time to treatment failure, correlated with the
KIT mutational status. Thus, GISTs with a KIT exon 11
mutation had a significantly higher partial response rate
(72%) than tumours with an exon 9 mutation (31.6%) or
no detectable mutation (i.e., KIT wild-type GIST) [27]. In
addition, the time to treatment failure was significantly
longer for patients with KIT exon 11 mutation compared
with those without KIT exon 11 mutation [27]. A

multivariate analysis identified the presence of a KIT
exon 11 mutation as the strongest predictor of clinical
response, decreased risk of treatment failure and im-
proved overall survival [29]. In support of these findings,
in a series of 17 patients in which imatinib was given in a
neo-adjuvant, adjuvant or palliative setting, 8 of 9 patients
with partial response to imatinib but none of the 3 patients
with progressive or stable disease had KIT exon 11
mutations [8]. In addition, a subset of PDGF-Ra mutant
isoforms in GISTs were also sensitive to imatinib, both in
vitro and clinically [29].

Resistance to imatinib in GISTs

Although most patients with CML in chronic phase
achieve durable complete haematological and cytogenetic
remissions under treatment with imatinib, primary resis-
tance or relapse occurs, especially in patients with CML
in accelerated phase or in blast crisis/advanced stages.
The most common mechanisms of resistance to imatinib
identified in patients with CML comprise BCR-ABL
amplification at the genomic and transcript levels, a
variety of point mutations in the ABL tyrosine kinase
domain and novel acquired chromosomal aberrations [13,
34].

Fig. 6 Scheme of the KIT receptor tyrosine kinase demonstrating
the five immunoglobulin-like domains (Ig1–Ig5) in the extracellu-
lar ligand-binding region, the transmembrane domain, the jux-
tamembrane domain, and the two intracellular kinase domains
divided by a kinase insert. The reported KIT mutations in human
tumours in different KIT exons are indicated [22, 31, 35, 42, 44, 50,
51, 53, 54, 61, 62, 68]. CMPD chronic myeloproliferative disease,
AML acute myeloid leukaemia, GIST gastrointestinal stromal
tumour, sinonasal NKTCL sinonasal natural killer/T-cell lymphoma
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Primary or late resistance to imatinib has also been
observed in GIST patients [16, 66]. Meanwhile, different
mechanisms of resistance to imatinib were described in 16
GIST patients with initial (n=3) or late (n=13) resistance
[21]. They include (i) acquisition of a new KIT or PDGF-
Ra point mutation in addition to a baseline mutation in
the respective gene; (ii) KIT genomic amplifications; (iii)
activation of an alternate receptor tyrosine kinase protein,
accompanied by loss of KIT oncoprotein expression and
(iv) KIT or PDGF-Ra activation, in absence of a
secondary genomic mutation and with baseline KIT or
PDGF-Ra mutations outside of the juxtamembrane hot
spot regions.

Unresolved questions and future considerations

Clinical trials revealed that monotherapy with imatinib in
GISTs is both feasible and effective. Still, many questions
about the clinical use of imatinib in GISTs remain
unresolved. These include the optimal dosage of imatinib,
which is under investigation in randomised clinical trials
[3, 67] and the duration of imatinib treatment, which is
not yet defined. For the time being, imatinib treatment is
continued until tumour progression resistant to dose
escalation occurs or severe toxicity takes place. There is
also a need for refined clinical and molecular parameters
(e.g. the type of KIT mutation, see above) to identify
patients whose GISTs will respond to imatinib. Last but
not least, we have to develop new therapies for GIST
patients whose tumours are resistant to imatinib. In this
context, it is of interest that 11 of 18 patients (61%) with
imatinib-resistant GISTs treated in a phase-I trial with
SU11248, a small molecule kinase inhibitor which targets
multiple receptor tyrosine kinases, including KIT, PDGF-
R, FLT3 and vascular endothelial growth factor receptor-
1, had disease regression or stable disease lasting more
than 4 months with acceptable tolerability [17]. Addi-
tionally, in GIST patients who do not have an optimal
response to imatinib monotherapy, combinations with
other tyrosine kinase inhibitors or, as already done in
CML patients [13], with cytostatic drugs, have to be
studied. Finally, adjuvant trials with imatinib after
complete surgical excision of high-risk GISTs have been
initiated [8, 10].

Potential role of imatinib in other solid tumours

In vitro data suggest that imatinib monotherapy will be
effective only against solid tumours whose growth is
driven mainly by the uncontrolled activity of the imatinib-
sensitive tyrosine kinases, such as KIT and PDGF-R. The
mere evidence of KIT or PDGF-R synthesis at the protein
level without the demonstration of abnormally upregulat-
ed tyrosine kinase activity in tumour cells does not predict
efficacy of imatinib treatment [26].

One solid tumour entity that meets the above criteria is
the dermatofibrosarcoma protuberans (DFSP) family of

tumours. These tumours are characterised by supernu-
merary ring chromosomes carrying material from 17q22
and 22q13 in proximity to one another or by the
translocation t(17;22)(q22;q13). This translocation fuses
the collagen type 1a1 (COL1A1) gene to the platelet-
derived growth factor b-chain (PDGF B) gene. The
variable positions of the COL1A1 breakpoints allow
variant fusion genes. The resulting proteins are processed
to mature PDGF-BB. This leads to autocrine PDGF-R
stimulation in the DFSP family of tumours [59]. In vitro,
growth inhibition of human DFSP tumour cell lines was
observed with imatinib through induction of apoptosis
[60]. More recently, clinical data support the use of
imatinib in this tumour family. Four patients with
localised DFSP treated with 400 mg imatinib twice daily
and one metastatic DFSP treated with 400 mg imatinib
once daily showed partial responses, and, in one patient
with metastatic DFSP, imatinib 400 mg twice daily led to
a complete histological response; however, two patients
with metastatic tumours did not respond [46, 47, 52].

The coexpression of PDGF and PDGF-Rs, which is
suggestive of autocrine growth stimulation, has been
reported in a considerable number of solid tumours,
including gliomas, meningiomas, melanomas, neuroen-
docrine tumours and carcinomas of the prostate, breast,
lung, stomach and pancreas [49].

In a subset of high grade gliomas, amplification of
PDGF-Ra is observed in addition to co-expression of
PDGF-Ra and PDGF A or B chains [19]. In mice, it was
shown that intracranial growth of gliomas is sensitive to
the treatment with imatinib [38]. These observations have
led to the initiation of clinical trials with imatinib in
patients with glioblastomas [63].

Autocrine PDGF stimulation is also likely in cancer of
the prostate. In both epithelial tumour cells and stromal
cells of prostate cancer and of prostatic intraepithelial
neoplasia, PDGF-R a and PDGF A chains are coex-
pressed, while non-neoplastic epithelial and stromal cells
of the prostate are devoid of any detectable expression of
these molecules [23]. At the time of writing, two phase-II
trials of imatinib in hormone-refractory prostate cancer
and in newly diagnosed, localised, intermediate- or high-
risk prostate cancer are in progress [23].

Desmoid fibromatosis is also known to coexpress
PDGF-Rs and PDFG A/B chains [45]. However, in
contrast to earlier reports, desmoid fibromatosis does not
seem to express KIT [43]. Still, in two patients with
uncontrolled local recurrence of extraabdominal desmoid
fibromatosis, imatinib treatment resulted in radiographic
and clinical responses [45]. This is thought to be due to
inhibition of PDGF-R rather than interaction with KIT.

In breast cancer, ovarian cancer, small cell lung cancer
(SCLC), melanoma, neuroblastoma and Ewing’s sarcoma
(ES), coexpression of KIT and of its ligand, SCF, suggests
a potential role for imatinib in targeting an autocrine SCF/
KIT loop. In most cases, however, the potential role of the
SCF/KIT loop in growth stimulation and/or survival of
these tumours is unknown [26].
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SCLC and ES coexpress KIT and SCF in about 70%
and 30% of the cases, respectively. An autocrine growth/
stimulation loop has, therefore, been suggested to play a
role in tumour development [40, 41]. In vitro, imatinib
inhibited SCLC as well as ES growth. However, the
concentrations required to kill SCLC and ES cells were
much higher than those necessary to kill CML or GIST
[40, 48, 57]. This indicates limited therapeutic activity in
these tumour types. However, in subsets of SCLC and ES
with a high level of KIT expression, the potential activity
of imatinib might be exploitable in combination with
cytotoxic chemotherapy [57].

Concluding remarks

Therapies targeting deregulated RTKs and downstream
signalling pathways are a significant contribution to the
treatment of cancers. The unravelling of the role of KIT
and PDGF-Ra in the pathogenesis of GISTs has improved
their diagnosis and allowed discrimination from other
mesenchymal tumours of the gastrointestinal tract. More
importantly, it has also led to a new therapeutic option for
these radio- and chemotherapy-resistant tumours. Ima-
tinib, a selective small molecule inhibitor of KIT, PDGF-
R and ABL tyrosine kinases, is the first effective and
generally well-tolerated systemic therapeutic agent for
patients with metastatic GISTs. Although imatinib has
yielded remarkable therapeutic results, primary and late
resistances are documented in a steadily growing number
of GIST cases. A better understanding of the mechanisms
causing imatinib resistance as well as the identification of
the check points leading to activation of the downstream
signalling cascades of KIT and PDGF-Ra will aid in the
development of additional agents for the molecular-
targeted therapy of GISTs and other tumours.
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Abstract Inflammatory pseudotumors (IPT), also known
as inflammatory myofibroblastic tumors (IMT), are
benign inflammatory processes that may have an infec-
tious etiology and are very rare in the pancreatico-biliary
region. Recent studies suggest a biological distinction
between IPT and IMT, the latter being a true neoplastic
process. We describe a case of pancreatic IPT, originally
diagnosed as malignancy, which presumably recurred
4 months after the operation. Histologically, the tumor
consisted of a smooth muscle actin and CD68-positive
spindle cell population and a more abundant mononuclear
inflammatory cell population, primarily composed of
macrophages and T-lymphocytes. Inflammatory cells
were the source of connective tissue growth factor and
transforming growth factor-b1 and tended to accumulate
around nerves and blood vessels, as well as around
residual pancreatic parenchymal elements, where an
intense angiogenetic response was detected. Comparative
genomic hybridization analysis of the tumor showed no
chromosomal imbalances. Polymerase chain reaction-
based analysis of T-cell receptor g gene rearrangement
revealed an oligoclonal pattern. These findings suggest
that the pathogenesis of aggressive cases of IPT could be
related to the development of an intense and self-

maintaining immune response, with the emergence of
clonal populations of T-lymphocytes. The relation of the
pancreatic IPT to autoimmune pancreatitis is emphasized.

Keywords Inflammatory pseudotumor · Pancreas ·
TCRg-rearrangement · Autoimmune pancreatitis

Introduction

Inflammatory pseudotumors (IPT), also termed inflamma-
tory myofibroblastic tumors (IMT), are uncommon mass
lesions whose origin and pathophysiology are still con-
troversial. They consist of collagen fibers, smooth muscle
actin (SMA)-expressing spindle cells (so-called “myofi-
broblasts”) and an intense, mostly lymphoplasmacellular,
inflammatory infiltrate [13]. IPT were originally described
in the lung and the gastrointestinal tract [7, 29, 33], but
they can occur in virtually every anatomical site [12]. The
spindle cell component may display atypical features, and
it is mandatory to differentiate these lesions from mesen-
chymal tumors that show histological similarities (e.g.,
inflammatory fibrosarcoma) [11]. Moreover, recent stud-
ies have demonstrated the presence of monoclonality [30],
aneuploidy [4] and cytogenetic anomalies [27] in some
cases of IMT of various origins. Balanced chromosomal
translocations involving the anaplastic lymphoma kinase
(ALK) gene have been found in some (but not all) cases of
IMT of the lymph node and spleen [27]. Accordingly, the
existence of two groups of biologically distinct lesions—
namely IMT, which are ALK-positive, and IPT, which are
ALK-negative—has been proposed. Nevertheless, the two
terms are often used synonymously.

Several investigators have proposed an infectious etiol-
ogy for IPT/IMT. Members of the herpesvirus family,
including Epstein-Barr virus (EBV) [3] and human her-
pesvirus-8 [18], have been detected by in situ hybridization
in the nuclei of the spindle and/or lymphocytic compo-
nents. DNA fragments with sequence homology to Pseudo-
monas veronii have been isolated from a mesenteric lymph
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node of a patient affected by ileo-cecal IPT [9]. Cytokines
produced by the microorganisms have been con- sidered
responsible for the systemic symptoms of fever, night
sweats, fatigue and weight loss frequently reported in IPT.

The two entities of IPT/IMT have been described in
the pancreatico-biliary region as single case reports or
small series [2, 26, 34, 36, 38], without a clear-cut
distinction between them. Here, we report a case of IPT/
IMT of the pancreas. We further provide a characteriza-
tion of its cell population, with particular attention paid to
the inflammatory cell component, in view of the fact that
the inflammatory cells seem to play a fundamental role in
the pathogenesis of the lesion through the production of
cytokines and growth factors that, in turn, influence the
phenotypic characteristics of the spindle cell and connec-
tive tissue elements [23, 28]. We also discuss the potential
relationship between IPT and autoimmune pancreatitis.

Clinical history

A 69-year-old male patient presented with a short history of upper
abdominal pain and discomfort. Computed tomography scan
revealed the presence of a large pancreatic body–tail tumor mass,
in close proximity to the superior mesenteric vessels, but without
encasement of the vessels themselves (Fig. 1). Fine-needle aspiration
cytology and open surgical biopsy of an enlarged left supraclavicular
lymph node were performed. The diagnosis was hyperplastic
changes and a small lymphangioma, in the absence of malignant
cells. At the time of surgery, neither ascitis nor liver or peritoneal
metastases were found. A left pancreatectomy with splenectomy and
colon splenic flexure resection was performed. An intraoperative
frozen section of the tumor mass was interpreted as adenocarcinoma.

The postoperative course was complicated by formation of an
intraabdominal abscess and colonic distension. The final histo-
pathological diagnosis was “inflammatory myofibroblastic tumor
of the pancreas.” The patient was discharged after 1 month of
hospitalization. He developed jaundice due to multiple strictures
along the extrahepatic bile duct, from the hepatic hilus to the distal
choledocus (Fig. 2), 4 months after surgery. He died after 7 months
of hospitalization due to sepsis. Serological tests for the detection

of EBV, cytomegalovirus (CMV) and human T-cell lymphotropic
virus were negative. Laboratory tests revealed serum bilirubin
7 mg/dl, alkaline phosphatase 355 U/l (normal, 40–170 U/l), g-
glutamyl transpeptidase 106 U/l (normal, 3–28 U/l), glutamic
pyruvic transaminase 42 U/l (normal, <24 U/l), glutamic oxalacetic
transaminase 32 U/l (normal, <18 U/l). Serum total IgG were
increased (25.3 g/l, normal 7–16 g/l), but the levels of IgG4 were in
the normal range (0.49 g/l, normal 0.052–1.2 g/l).

Materials and methods

Immunohistochemistry

Formalin-fixed, paraffin-embedded or frozen tissue sections cut
from the tumor mass were subjected to immunohistochemical
analysis using the following primary monoclonal or polyclonal
antibodies: pan-cytokeratin (Kl1, Serotec GmbH, D�sseldorf,
Germany); cytokeratin 7 (OV-TL12/30, Dako, Carpenteria, CA,
USA); vimentin (V9, Dako); SMA (1A4, Dako); CD68 (KP-1,
Dako); CD45 (LCA, Dako); CD20 (L26, Dako); CD45RO
(UCHL1, Dako); CD3 (Dako); CD4 (OKT-4, Sanquin, Amsterdam,
The Netherlands); CD8 (OKT-8, Sanquin); CD43 (DF-T1, Dako);
CD56 (Cell Marque, Hot Springs, AR, USA); ALK (Alk1, Dako);
CD30 (BER-H2, Dako); CD34 (QBEND-10, Immunotech, Mar-
seille, France); k and l chain (A8B5 and N10/2, Dako); tryptase
(G3, Chemicon International Inc., Temecula, CA, USA); trans-
forming growth factor beta 1 (TGF-b1) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA); connective tissue growth factor (CTGF)
(Santa Cruz); Ki-67 (MIB1, Dako); Epstein-Barr virus latent
membrane protein (LMP) (CS 1–4, Dako); and CMV early antigen
(CCH2, Dako). The streptavidin-biotin-phosphatase method or the
peroxidase, biotin-free EnVision+ System (Dako) was used to
detect the binding of the primary antibodies.

TCRg rearrangement

A semi-nested polymerase chain reaction (PCR) analysis of T-cell
receptor gamma (TCRg) gene rearrangement was used to assessFig. 1 Contrast-enhanced computed tomography reveals a diffuse

mass in the pancreatic body–tail

Fig. 2 Endoscopic retrograde colangiography showing the pres-
ence of multiple strictures along the common bile duct
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clonality of the lymphocytic population [5]. Briefly, 200 ng of
genomic DNA from the tumor and from a peripancreatic hyper-
plastic lymph node (control) were amplified in two separate
reactions, each using the following primers: V11–8 (50-TGC AGC
CAG TCA GAA ATC TTC C-30) + JGT1/2 (50-AAG TGT TGT
TCC ACT GCC AAA-30) and V11–8 + JGT3 (50-AGT TAC TAT
GAG C (TC) AGT CCC-30). The second amplification round was
performed with 1 �l of the first PCR product with primer sets V21–8
(50-ACG GCG TCT TC (AT) GTA CTA TGA C-30) + JGT1/2 and
V21–8 + JGT3. PCR products of the second amplification were
separated on a 6% polyacrylamide gel.

Comparative genomic hybridization

To detect possible chromosomal imbalances of the tumor, a
comparative genomic hybridization (CGH) analysis was performed
as previously described [22]. Briefly, tumor DNA was extracted
from paraffin-embedded material. In a nick translation, tumor DNA
was biotinylated, and normal human DNA was labeled with
digoxigenin. The probes were then hybridized onto metaphase
spreads. Avidin-conjugated fluorescein and anti-digoxigenin-rho-
damin conjugate were used for signal detection of biotinylated
tumor DNA and digoxigenin-labeled reference DNA, respectively.
Hybridized metaphases (n=20) were then captured and analyzed
using an inverted microscope (Zeiss Axiovert S 100), a charge-
coupled device camera and CGH software (MetaSystems, Ger-
many). Chromosomal gains were presumed if the ratio of tumor to
normal signals reached or exceeded 1.25. The respective ratio for
chromosomal losses was 0.80.

Results

Pathological findings

Macroscopically, a tumor mass without clear-cut demar-
cation from the surrounding parenchyma was identified in
the pancreatic body–tail. The tumor was hard and
yellowish gray, and the normal lobular architecture of
pancreatic parenchyma was only partially preserved.

Histologically, the tumor consisted of bands of dense
collagen tissue that surrounded lobules formed by residual
pancreatic parenchyma, mostly represented by islets,
degenerating acini and small ducts (Fig. 3A). Some
larger ducts were still recognizable. These residual
parenchymal elements were embedded in a dense, mostly
mononuclear, inflammatory infiltrate, which showed a
particular clustering around blood vessels (Fig. 3B, C)
and nerves (Fig. 3E). Inflammation of the vessel walls
(arteritis and phlebitis) was present (Fig. 3B, C). At the
border between the pancreatic mass and the surrounding
soft tissue, the connective tissue was more abundant,
displaying large hyaline areas and forming a sort of
“capsule” around the entire organ. Here, the inflammatory
infiltrate was less dense, mostly consisting of lymphoid
follicles with germinal centers. The bands of connective
tissue contained spindle cells that were sometimes plump,
but always cytologically typical. They exhibited vimentin
immunoreactivity, indicating their mesenchymal origin,
with a large subpopulation of SMA-positive elements (the
so-called myofibroblasts) (Fig. 4A, B); some of them
were also CD68 positive (Fig. 4C). Moreover, they
expressed CTGF and TGFb-1; CTGF was also exten-
sively expressed in inflamed residual pancreatic ducts and

degenerating acini and in the inflammatory infiltrate
(Fig. 5A). TGFb-1 had the same localization of CTGF,
with the exception of a diffuse staining in the connective
tissue bands, consistent with its secretion into the
extracellular space by the fibroblasts (Fig. 5B), and a
less frequent expression in inflammatory cells.

The inflammatory infiltrate mostly consisted of CD68-
positive mononuclear cells, therefore, identified as mac-
rophages (Fig. 4C). They were particularly abundant in
the lobules of residual pancreatic parenchyma, but some
of them could also be found in the connective tissue
bands.

T-lymphocytes, identified by CD3 and CD45RO
immunostaining, were a predominant component of the
inflammatory infiltrate. They accumulated around blood
vessels, especially small veins (Fig. 3D), and around
nerves (Fig. 3F). T-lymphocyte subtyping revealed a
slight preponderance of the CD4-positive over the CD8-
positive cells. B-lymphocytes (CD20+) and a polyclonal
population of plasma cells (k and l-chain immunostain-
ing) were also present, although to a lesser extent. CD30
and ALK-expressing lymphocytes were absent, as well as
CD56-positive natural killer lymphocytes. At the periph-
ery of the pancreas, lymphocytes were mostly organized
in lymphoid follicles with well-developed germinal
centers; whereas, in the context of the pancreatic paren-
chyma, they were part of the diffuse inflammatory
infiltrate. Mast cells, identified by specific tryptase
immunostaining [17], were mostly found in the lobules
of the destroyed pancreatic parenchyma, around degen-
erating acini and inflamed ducts. Scattered eosinophils
were also present.

Angiogenesis, evaluated by means of CD34 immuno-
staining of endothelial cells, was extremely developed in
the degenerating pancreatic parenchyma (Fig. 5C). Im-
munohistochemical analysis of cell proliferation by
identification of the proliferation-associated antigen Ki-
67 revealed scattered positivity (proliferating index <5%)
in inflammatory cells and regenerating pancreatic ductal
cells. The myofibroblast compartment displayed a lower
proliferating index (Fig. 5D). Neither EBV-LMP nor
CMV-early antigen immunoreactivity was detected.

TCRg rearrangement

PCR analysis of TCRg-gene rearrangement revealed three
prominent bands in the tumor DNA and a smear in the
DNA from the peripancreatic lymph node when the set of
primers V11–8 + JGT1/2 was used (Fig. 6). This result
suggests the existence of an oligoclonal population of T-
lymphocytes within the tumor mass and a polyclonal
population in the surrounding lymph nodes.

CGH analysis

No chromosomal imbalances were detected by compar-
ative genomic hybridization analysis.
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Fig. 3 Inflammatory pseudotumor of the pancreas. A The tumor
mass consists of two main cell populations: spindle cells, arranged
to form large bands of dense collagen (right) around and within the
pancreatic parenchyma and mononuclear inflammatory cells that
surround residual pancreatic ducts (left). B, C, E The inflammatory

cells accumulate around and in the wall of arteries (B), veins (C)
and around nerves (E). D, F Immunostaining for CD45 RO
demonstrates a great preponderance of T-lymphocytes. Original
magnifications �100 (A–D), �200 (E–F)
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Discussion

This paper describes a case of IPT/IMT arising in the
pancreatic body–tail region, which presumably recurred
in the pancreatic head–biliary region 4 months after
resection. The importance of this pathological lesion,
which has been described with increasing frequency in the
literature, resides in the fact that it can be preoperatively
mistaken for a malignant tumor. Besides this clinical
relevance, the biology of IPT/IMT is challenging and not
completely clarified. IPT of the pancreas have been
described since 1984 [2], but only in recent years have
they been better characterized from a biological point of
view [26, 34, 36, 38]. This characterization mainly
concerns the spindle cell component, consisting of
vimentin and SMA-positive myofibroblasts. Table 1
summarizes the more relevant clinical data and immuno-
histochemical findings of the four studies cited above.
Only two of them describe in more detail the inflamma-
tory cell component of IPT/IMT, which mainly consists
of macrophages, T-lymphocytes and, to a lesser extent, B-
lymphocytes [26, 38]. The relevance of the inflammatory
infiltrate in the pathogenesis of pancreatic IPT/IMT is
suggested by the findings of the present study: inflam-
matory cells could play an active fibrogenetic role in IPT/
IMT through the production of TGF-b1 and CTGF. These
two factors are fundamental mediators of pathological
processes characterized by extracellular matrix deposition
and fibrosis, such as chronic pancreatitis [15], glomeru-
losclerosis and tubulo-interstitial fibrosis [8, 20], sclero-
derma [31] and liver cirrhosis [1]. In chronic pancreatitis,
TGF-b1 and CTGF are produced by degenerating acinar
cells and metaplastic ducts (tubular complexes), as well as
by fibroblasts. In addition, TGF-b1, but not CTGF, is
expressed by the inflammatory cell population [15]. In
pancreatic IPT/IMT, it is likely that both the residual
pancreatic parenchyma and the inflammatory cells induce
myofibroblast accumulation through the expression of
TGF-b1 and CTGF. A similar phenomenon has been
described, for example, in animal models of lung fibrosis
[37], where TGF-b1 and CTGF act as the main mediators
of the fibrogenic response.

Another interesting and important finding of this study
is the identification of clonal populations of T-lymphocytes
in the tumor tissue but not in surrounding hyperplastic
lymph nodes. Monoclonal T-lymphocytes have been
described in inflammatory sclerosing disorders, such as
idiopathic retroperitoneal fibrosis [14], which shares some
morphological similarities with IPT/IMT. However, they
have never been investigated in pancreatic IPT/IMT and
have never been found in IPT arising in other anatomical
sites [6, 28]. The significance and the origin of the clonal
T-lymphocytes in this case of IPT/IMT are currently not
known, but it can be speculated that they develop in the
context of an intense and destructive, maybe also self-
stimulating, inflammatory reaction. The largest number of
inflammatory cells was found around residual pancreatic
acini and in the walls of blood vessels; in the same areas,
the highest proliferative activity of the inflammatory
component was detected, as evidenced by Ki-67 immuno-

Fig. 4 Immunohistochemical characterization of the cell popula-
tions. A Immunostaining for vimentin shows a strong positivity in
the spindle as well as in the inflammatory cell component. B The
spindle cells exhibit immunoreactivity for smooth muscle actin. C
Immunostaining for CD68 reveals that many of the inflammatory
cells are macrophages. Original magnifications �100 (A), �200 (B–
C)
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Fig. 5 Connective tissue growth factor (A) and transforming
growth factor-b (B) expression in the proliferating pancreatic
ducts, in the inflammatory cells and in the spindle cells. C
Markedly high angiogenetic activity within the residual pancreatic

parenchyma as shown by CD34 immunostaining. D The Ki-67
proliferative index is <5% and mostly confined to the inflammatory
cells and the residual pancreatic parenchymal elements. Original
magnifications �200 (A, B), �100 (C, D)

Table 1 Clinical and immunohistochemical characteristics of pancreatic inflammatory pseudotumors/inflammatory myofibroblastic
tumors (IPT/IMT)

Author Sex/age Immunohistochemistry Clinical behavior

Spindle cells Inflammatory cells

Zanger P (2002) [38] F/62 Vimentin+, SMA+ B-lymphocytes*, T-lymphocytes*, CD68 + No recurrence after 6 months

Wreesman V (2001) [36] M/62 Actin +, SMA + Not assessed No recurrence after 6 years
M/56 Actin +, SMA + Not assessed No recurrence after 5 years
M/50 Actin +, SMA + Not assessed No recurrence after 4 years
M/45 Actin +, SMA + Not assessed No recurrence after 10 years
F/57 Actin +, SMA + Not assessed No recurrence after 3 years
F/32 Actin +, SMA + Not assessed No recurrence after 12 years

Walsh SV (1998) [34] M/35 Vimentin +, SMA + CD20 +, OPD4 +, CD8 + Lung IMT after 6 years

Kroft SH (1995) [26] F/42 Vimentin +, Actin � Not assessed No recurrence after 6 months

SMA: smooth muscle actin
*: no marker specified
OPD4: marker of T-helper/inducer lymphocytes
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staining. As a consequence of tissue destruction, new
epitopes are exposed, and they trigger an “explosive”
immune response that could culminate in the development
of clonal populations of lymphocytes. The aggressive
course of the disease, with a probable early relapse, could
be explained by these considerations. The cause of such an
intense immunological response is unknown; some of the
main viral pathogens were investigated at the clinical or
morphological levels, with negative results.

A recent editorial [12] points to the existence of
different subtypes of IPT/IMT: one group arises in a
younger population and its main cellular components
have the phenotype of myofibroblasts [10], while the
second group is represented by the infection-related IPT,
and its main cellular components are CD68-positive
spindle cells [9]. Accordingly, tumors that fall in the first
category are better designated IMT. They can recur and
display a sarcomatous progression; they are probably true
neoplasms [16]. IMT, with evidence of clonality [30] or
of chromosomal translocations involving the ALK recep-
tor tyrosine-kinase locus [19], belong to this category.
Therefore, although a histopathological diagnosis of IMT
was made, the term IPT would be more appropriate in the
case reported here, where the inflammatory component is
predominant and the myofibroblastic component has a
bland morphological and genetic appearance, as shown by
immunostaining (low proliferative activity, no ALK
expression) and CGH results. Recently, the relationship
between IPT and autoimmune pancreatitis (also known as
lymphoplasmacytic sclerosing pancreatitis or duct de-
structive chronic pancreatitis) has been discussed, and
both diseases are considered part of the same disease
spectrum. Autoimmune pancreatitis can be associated
with the presence of an IPT-resembling tumor-like mass.

Histologically, it is characterized by dense periductal
lymphoplasmacytic infiltrates, mainly consisting of T-
lymphocytes, periphlebitis and interstitial fibrosis [24,
35], features that were also prominent in the case reported
here. Moreover, recurrent autoimmune pancreatitis can
present with biliary strictures [24] and shows a dramatic
response to steroid therapy [21, 32]. Although the
diagnostic criteria for autoimmune pancreatitis were not
completely fulfilled (e.g., absence of a “ductocentric
inflammation,” that is, the accumulation of the inflam-
matory cells around the ducts, with relative sparing of the
acinar parenchyma; absence of abnormal IgG4-serum
levels) it cannot be excluded that this case of IPT
developed in the context of an autoimmune pancreatitis.

A striking aspect of this case of pancreatic IPT is the
extraordinary generation of new vessels in the areas of
tissue destruction, as revealed by CD34 immunostaining.
Angiogenesis develops as a physiological response in the
context of wound healing and tissue repair. At the same
time, endothelial cells are directly involved in the
inflammatory response through the expression of adhesion
molecules that play a major role in the recruitment of
circulating inflammatory cells [25]. Therefore, the intense
angiogenetic response underscores once more the central
role of inflammation in the destruction of the pancreatic
parenchyma and, consequently, in the pathogenesis of IPT.

In summary, the case reported in this study has the
characteristics of the category of IPT described above: the
spindle cells are SMA and CD68 positive and do not show
any kind of atypia; there are neither chromosomal
aberrations nor ALK overexpression. Moreover, the
spindle cell component is quantitatively very limited,
compared with the number of inflammatory cells (mac-
rophages and T-lymphocytes), and could be interpreted as
merely “reactive.” The clinical presentation and the
morphological aspect strongly suggest an association
between pancreatic IPT and autoimmune pancreatitis.
These two entities could, therefore, be interpreted as
different phases/manifestations of the same disease pro-
cess. An immune response to an unknown trigger is the
main mediator of tissue aggression and destruction and,
due to the development of clonal populations of T-
lymphocytes, is likely to be capable of self-maintenance.
Inasmuch as clonal populations of T-lymphocytes have
not previously been reported in IPT, it seems necessary to
widen the spectrum of different processes included in the
definition of IPT/IMT and to better investigate their
relationship with lymphoproliferative disorders.
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Abstract Keratin immunohistochemistry represents a
widely applied differential diagnostic tool in surgical
pathology. To investigate the value of keratin subtyping
for the diagnosis among histological subtypes of renal cell
carcinoma and oncocytomas, we performed a detailed
immunohistochemical study, applying 22 different mono-
clonal keratin antibodies on a large series of 233 renal
tumors [125 conventional, 22 chromophobe, and 20
papillary (12 type-1, 8 type-2 tumors) cancers and 66
oncocytomas] using a tissue microarray technique. Im-
munoreactivity for keratin 7, 8, 18, and 19 was present in
all tumor entities, albeit in varying quantities. With
antibodies directed against keratins 8 and 18, oncocy-
tomas showed a distinct perinuclear and punctate dot-like
pattern, which was not observed in renal cancer speci-
mens. The only tumors showing immunoreactivity for
keratin 20 were two type-2 papillary cancers. All other
monospecific keratin antibodies yielded consistently
negative results. Overall, in contrast to some recent
publications, keratin subtyping generally appeared to be
of additional value only for the differentiation of renal
epithelial tumors. Hence, with respect to differential
diagnostic value, Hale’s colloidal iron stain and vimentin
immunostaining are still the most useful tools in renal
tumor pathology.

Keywords Renal cell carcinoma · Oncocytoma ·
Histological subtype · Keratin · Differential diagnosis

Introduction

Renal cell carcinomas (RCCs) account for approximately
2% of annual new cancer cases worldwide, with men
having a higher risk than women (male to female ratio =
1.5:1). As for the majority of cancers, tumor stage at
presentation and histological tumor grade are the princi-
pal prognostic factors [20]. Prognosis is also related to
histological subtypes, since patients with conventional
RCCs have a poorer cancer-specific survival than patients
with papillary or chromophobe tumors [1, 5, 18, 22].
Differential diagnosis among histological RCC subtypes,
however, can be difficult in standard hematoxylin and
eosin (H&E)-stained sections, especially in poorly differ-
entiated cancers. In these cases, diagnosis is primarily
based on the absence of vimentin immunostaining of the
chromophobe subtype and its reticular cytoplasmic pos-
itivity with Hale’s colloidal iron stain [15, 25, 34].

The first comprehensive description of the histopath-
ological features of renal oncocytoma (RO) was presented
by Klein and Valensi in 1976 [13]. Today, ROs account
for approximately 3–7% of renal cell neoplasms in
surgical series [15, 16, 29, 34]. Although a single well-
documented case of metastasis to the liver has been
reported [27], ROs generally are benign [1, 29]. There-
fore, they have to be separated from renal cancer.
However, differential diagnosis can, again, be difficult
in standard H&E-stained sections, as has just recently
been stressed in the review by Perez-Ordonez et al. [27].

In the last few years, keratin typing has been
repeatedly applied to facilitate differential diagnosis
among RCC histological subtypes [4, 10, 12, 17, 19, 28,
35] and between RCCs and ROs [6, 12, 17, 19, 28, 35,
38]. However, the results reported are, at least as far as the
keratin expression profile of ROs is concerned, still
limited and partly contradictory. For example, keratin 7
immunoreactivity has been detected in 8–100% [12, 17,
19, 33, 38] and keratin 20 in 0–80% of ROs [12, 33, 38].
Hence, we decided to apply a high throughput tissue
microarray technique using 22 different mouse monoclo-
nal antibodies to evaluate the keratin expression profiles
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of RCC histological subtypes and ROs in a large series of
patients to identify a potential basis for diagnosis and
differential diagnosis of these tumor entities.

Materials and methods

Formalin-fixed and paraffin-embedded specimens of 167 RCCs
from 167 patients (99 males, 68 females; ratio 1.5:1) and 66 ROs
from 63 patients (34 females, 29 males; ratio 1.2:1) operated on
between November 1988 and August 2002 were chosen for further
analysis. Surgical treatment included either radical nephrectomy
(RCC larger than 4 cm) or partial nephrectomy (peripheral tumors
smaller than 4 cm and presumed oncocytomas). In the RCC group,
mean and median age of patients at operation was 62.3 years and
63.1 years (range 28–85 years), in the RO group, mean and median
age was 66.3 years and 69.0 years (range 11–88 years), respec-
tively. All original H&E sections were independently reevaluated
by two pathologists (C.L. and M.R.), and discrepancies were
resolved by simultaneous reexamination of the slides by both
investigators using a double-headed microscope. In selected cases,
additional vimentin immunostaining and Hale’s colloidal iron stain
were applied. In four cases, the original diagnoses of RCC had to be
revised and changed into either RO (two cases) or transitional cell
carcinoma of the renal pelvis (two cases). Cancer specimens were
classified according to the consensus classification of renal cell
neoplasia [15, 34]: 125 conventional, 22 chromophobe and 20
papillary (including 12 type-1 and 8 type-2 tumors) RCCs. RO
specimens were classified according to the World Health Organi-
zation criteria [25] and previously described light microscopic
features [16, 27]. After a mean follow-up of 2.2 years, progressive
disease was observed in 34 of 167 (20.3%) RCC patients, including
16 patients who died from cancer and 18 patients who currently are
alive with metastatic disease. Three patients had died from causes
unrelated to RCC. In the RO group, after a mean follow-up of
6.8 years, 57 of 63 patients (90.5%) were alive with no evidence of
tumor, while the remaining 6 patients had died of other causes
without evidence of tumor recurrence or metastatic disease. All

procedures were in accord with the ethical standards established by
our institution and approved by the ethics committee.

For immunohistochemical evaluation, a tissue microarray
technique was used, which allows staining of a large number of
specimens on one slide. Tissue microarrays (TMAs) were prepared
using a manual tissue-arraying instrument (Beecher, Silver Spring,
MD, USA). The details of this technique have been described
previously [14]. At least three cylindrical core biopsies, 0.6 mm in
diameter, were taken from different areas of each tumor and
arrayed in a recipient paraffin TMA block. Sections from tissue
array blocks 4-mm thick were mounted on Superfrost slides for
immunohistochemical analysis using automated immunostainers
(Dako-Autostainer, Universal Staining System, Dako, Glostrup,
Denmark; for pancytokeratin MNF116 VENTANA ES, Ventana,
Strasbourg, France). Briefly, TMA sections were deparaffinized,
rehydrated in graded alcohols and treated for 5 min with 1% H2O2.
Thereafter, sections were subjected to antigen retrieval with either
microwave treatment (30 min 160 W in 0.01 M sodium citrate
buffer pH 7.3), protease digestion (10 min room temperature 0.1%
protease type XXIV, Sigma-Aldrich, Steinheim, Germany) or
Epitope Retrieval Solution (Dako, code no. K 5205, 40 min 98�C)
and subsequently incubated for 30 min with 22 different mouse
monoclonal anti-human keratin antibodies. For antibody specific-
ity, dilution, source and positive controls used, see Table 1. Binding
of the primary antibody was usually assessed by the Dako LSAB2
System HRP (AEC) Detection kit, for pancytokeratin MNF116, the
Ventana Basic DAB Detection Kit was used and for the keratin 14
antibody, both the Dako LSAB2 System HRP (AEC) Detection kit
and the Dako EnVision+System (Peroxidase, DAB) were used.
Negative controls were performed by substitution of the primary
antibody by the Dako ChemMate antibody diluent code no. S 2022.
Staining results were assessed in a semi-quantitative fashion
independently by two pathologists (C.L. and M.R.). Discrepancies
were resolved by simultaneous reexamination of the slides by both
investigators using a double-headed microscope. Keratin immuno-
reactivity was documented in categories as follows: no reactivity;
“weak,” <10% of cancer cells positive; “moderate,” 10–50% of
cancer cells positive; “strong,” >50% of cancer cells positive.
Finally, with the help of the tissue microarray technique, it was
ensured that chromophobe RCCs were, in fact, negative for
vimentin and positive with Hale’s colloidal iron stain, whereas

Table 1 List of antibodies
used. MW microwave treatment
30 min 160 W in 0.01 M sodi-
um citrate buffer pH 7.3, P
protease digestion 10 min at
room temperature (0.1% prote-
ase type XXIV, Sigma-Aldrich,
Steinheim, Germany), ER epi-
tope retrieval solution (Dako,
Glostrup, Denmark, Code No.
K 5205) 40 min at 98�C

Antibody specificity Dilution, antigen
retrieval

Positive
control

Source

K 1 (Clone 34bB4) 1:10, MW Skin Novocastra, Newcastle upon
Tyne, UK

K 4 (Clone 6B10) 1:5, MW Cervix Monosan, Uden, The Netherlands
K 5/6 (Clone D5/16 B4) 1:50, MW Breast Dako, Glostrup, Denmark
K 6 (Clone Ks6.KA12) Ready to use, MW Cervix Progen, Heidelberg, Germany
K 7 (Clone OV-TL 12/30) 1:100, P Breast Dako
K 8 (Clone RCK 102) 1:10, P Breast ICN, Aurora, USA
K 8/18, LMW (Clone 5D3) 1:50, P Skin Novocastra
K 9 (Clones Ks 9.70 and

Ks 9.216)
1:20, MW Palmoplantar

Skin
Progen

K 10 (Clone DE-K 10) 1:100 (no retrieval) Skin Dako
K 13 (Clone DE-K 13) 1:50, MW Cervix Dako
K 14 (Clone LL002) 1:50, MW Skin Novocastra
K 15 (Clone LHK 15) 1:50, MW Skin NeoMarkers, Fremont, CA, USA
K 16 (Clone LL025) 1:10, MW Cervix Novocastra
K 17 (Clone E3) 1:20, MW Breast Dako
K 18 (Clone DC 10) 1:10, MW Breast Dako
K 19 (Clone RCK 108) 1:100, P Breast Dako
K 20 (Clone KS 20.8) 1:100, P Colon Dako
HMW (Clone 34bE12,

K 1, 5, 10, 14)
1:50, ER Prostate Dako

KL1 (Pan-Keratin) 1:50, ER Skin Immunotech, Marseille, France
MNF116 (Pan-Keratin) 1:75, P Skin Dako
AE1/AE3 (Pan-Keratin) 1:50, P Skin Dako
Lu5 (Pan-Keratin) 1:50, P Skin Biocarta, Hamburg, Germany
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ROs were negative for vimentin and negative with Hale’s colloidal
iron stain.

Results

Tumor tissue sufficient for a reliable evaluation of all
markers was present in all 167 RCCs and 66 ROs,
respectively. The keratin expression profiles of RCC
histological subtypes and ROs are summarized in Table 2.

Regarding RCCs, expression of keratins 7, 8, 18, 19,
low molecular weight keratin (LMW, 8/18), and the four
pankeratin antibodies was noted in all histological
subtypes, albeit in varying quantities. For example,
keratin 7 was more common in chromophobe (72.7%)
and papillary (80.0%) subtypes, but was also found in
conventional (13.6%) tumors (Fig. 1a). Regarding only
strong keratin 7 expression, the difference was more
pronounced, but still 4 of 125 (3.2%) conventional tumors
showed keratin 7 immunostaining of more than 50% of
cancer cells. With respect to the different types of
papillary cancer, keratin 7 immunostaining was seen in
all 12 type-1 tumors (always >50% of cancer cells;
Fig. 1b), whereas only 4 of 8 (50.0%) type-2 tumors
showed keratin 7 immunostaining (always �50% of
cancer cells). Furthermore, 2 of 8 (25%) type-2 papillary
cancers were the only tumors in our series showing
strong, though heterogeneous, immunoreactivity for ker-
atin 20 (Fig. 1c). With pankeratin antibodies, conven-
tional RCCs showed a predominantly membranous
immunoreactivity (Fig. 1d), while cytoplasmic staining
was rare and primarily noted in poorly differentiated

tumors (Fig. 1e). In contrast, chromophobe tumors
showed a characteristic mixture of large cells with
circumferential membranous staining (corresponding to
the nearly transparent and ballooned cells in H&E-stained
sections) and small cells with diffuse cytoplasmic stain-
ing, leaving a small perinuclear rim unstained (corre-
sponding to the granular and eosinophilic cells in H&E-
stained sections; Fig. 1f).

Regarding ROs, staining with the pankeratin antibod-
ies KL1, MNF116, and Lu5 specifically decorated the
great majority of tumor cells and showed three distinct
patterns of immunoreactivity (Fig. 2a, b): (i) perinuclear
and punctate dot-like, (ii) membranous, and (iii) combi-
nation of both (mixed type). Comparable results were
obtained with antibodies directed against keratins 8, 18,
and 8/18 (LMW); details are given in Table 3. Interest-
ingly, with the pankeratin antibody AE1/AE3, only 32 of
66 (48.5%) ROs were immunoreactive. In all these cases,
a strong diffuse granular cytoplasmic staining of single
tumor cells and small groups of tumor cells (<10%) was

Table 2 Keratin expression profiles (+ overall immunoreactivity; ++ immunostaining of more than 50% of tumor cells) of renal cell
carcinomas (RCCs) related to histological subtypes and renal oncococytomas

Antibody
specificity

Conventional RCCs Chromophobe RCCs Papillary RCCs Renal oncocytomas

(n=125) (n=22) (n=20) (n=66)

+ % ++ % + % ++ % + % ++ % + % ++ %

K 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 5/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 7 17 13.6 4 3.2 16 72.7 13 59.1 16 80.0 12 60.0 42 63.6 1 1.5
K 8 18 14.4 3 2.4 11 50.0 5 22.7 10 50 6 30.0 38 57.6 11 16.7
K 8/18, LMW 35 28.0 8 6.4 13 59.1 6 27.3 17 85.0 10 50.0 50 83.3 19 28.8
K 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
K 18 117 93.6 74 59.2 22 100.0 19 86.4 20 100.0 20 100.0 66 100.0 66 100.0
K 19 25 20 4 3.2 5 22.7 0 0 18 90.0 8 40.0 27 40.9 0 0
K 20 0 0 0 0 0 0 0 0 2 10.0 1 5.0 0 0 0 0
HMW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KL1 75 60.0 16 12.8 19 86.4 12 54.5 20 100.0 15 75.0 65 98.5 62 93.9
MNF116 98 78.4 62 49.6 22 100.0 18 81.8 20 100.0 19 95.0 63 95.5 61 92.4
AE1/AE3 97 77.6 55 44.0 16 72.7 5 22.7 19 95.0 18 90.0 32 48.5 0 0
Lu5 117 93.6 90 72.0 22 100.0 22 100.0 20 100.0 20 100.0 62 93.9 53 80.3

Table 3 Immunohistochemical staining patterns of renal oncocy-
tomas with antibodies directed against keratin 8 and/or 18

Immunohistochemical staining patterns

Punctate (n) Membranous (n) Mixed (n)

KL1 14 32 19
MNF116 10 27 26
Lu5 15 26 21
K 8 16 7 15
K 18 17 34 15
K 8/18 (LMW) 17 14 19
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noted. A similar pattern of reactivity was noted for keratin
7 in 42 of 66 (63.6%) tumors and for keratin 19 in 27 of
66 (40.9%) tumors, respectively (Fig. 2c, d). In general,
less than 10% of tumor cells were stained, mostly
coexpressing keratins 7 and 19, but differences in
immunoreactivity were additionally observed in a minor-
ity of cases (Fig. 2e, f). It is worth mentioning that both

antibodies, which are known to decorate distal tubule
epithelium, frequently disclosed non-neoplastic tubules
entrapped, but not destroyed, by the tumor, especially in
subcapsular regions. Using the Dako LSAB2 System HRP
(AEC) detection kit, the keratin 14 antibody showed a
weak diffuse cytoplasmic staining, lacking membranous
immunoreactivity in the majority of the cases. By use of

Fig. 1 Keratin immunohistochemistry in renal cell carcinomas
(RCCs). Focal keratin 7 immunostaining in conventional (A) and
strong diffuse staining in type-1 papillary (B) RCCs. Distinct
keratin 20 immunoreactivity in type-2 papillary RCC (C). Strictly
membranous immunostaining in a moderately differentiated (D)
and additional diffuse cytoplasmic reactivity in poorly differenti-

ated (E) conventional RCC using pankeratin antibody AE1/AE3.
Characteristic heterogeneous immunostaining with a mixture of
large cells with membranous staining and small cells with diffuse
cytoplasmic staining in chromophobe RCC, using pankeratin
antibody AE1/AE3 (F)
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the biotin-free EnVision+System, staining for keratin 14
yielded unequivocally negative results. In contrast, a
distinct strong immunoreactivity was seen in positive
controls with both LSAB2 and EnVision detection
systems.

Discussion

Keratins are intermediate filament proteins, which are
constituents of the mammalian epithelial cytoskeleton. At
least 20 different types have been discriminated in various
tissues on the basis of molecular weight and isoelectric
pH values. In intermediate filaments, they are present as
pairs of type-I (acidic) and type-II (neutral to basic)

Fig. 2 Immunoreactivity of renal oncocytomas. Staining with
pankeratin (KL1) shows a characteristic perinuclear and punctate
dot-like (A) or membranous (B) pattern. Keratin 7 (C, E) and
keratin 19 (D, F) immunoreactivity reveals a predominantly diffuse

cytoplasmic staining in a minority of tumor cells. Mostly, a
coexpression of these two keratin subtypes was found, but in few
cases a marked difference in staining patterns was observed (E, F)
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proteins. Different subsets of keratins are expressed by
different epithelia, and these patterns are largely retained
during neoplastic transformation. Hence, epithelia (simple
and complex) and epithelial tumors can be classified on
the basis of keratin protein expression. Keratin typing has,
therefore, been widely applied in surgical pathology as a
differential diagnostic tool [7, 23, 24].

With pankeratin antibody cocktails, both RCCs and
ROs were stained in the majority of cases. In RO
specimens with antibodies recognizing keratins 8 and/or
18 (including the pankeratin reagents KL1, MNF116, and
Lu5), distinct patterns of immunoreactivity (membranous
or perinuclear/punctate dot-like) were found, thus con-
firming the results by Bonsib et al. [2, 3], who identified
the punctate pattern on the ultrastructural level as
paranuclear keratin-containing globular filamentous bod-
ies. It is important to note that with AE1/AE3, a
pankeratin antibody preparation without keratin 8 and/or
18 immunoreactivity, only about half of the ROs were
stained with less than 10% of tumor cells reacting
diffusely without the typical perinuclear/punctate dot-like
pattern. Moreover, the characteristic perinuclear/punctate
dot-like pattern was absent in all RCCs investigated in our
series, thus confirming the results by Bosib et al. [2, 3]
and providing a valid basis for differential diagnosis.

Published results on keratin 7 immunostaining in renal
epithelial tumors are conflicting. Generally, keratin 7
expression is thought to be infrequent in renal cancer [8,
11, 37]. Keratin 7 is, however, commonly present in the
papillary subtype [10, 17, 30]. The strong keratin 7
expression in the relatively benign type 1 compared with
the weak expression in the more aggressive type 2 of
papillary RCC in our series confirms a previous study by
Delahunt and Eble [9], reporting strong or moderate
keratin 7 immunoreactivity in 48 of 61 (78.7%) type-1
compared with 3 of 30 (10%) type-2 tumors. Recently,
some authors have recommended keratin 7 as a charac-
teristic marker of chromophobe RCCs and ROs, differ-
entiating them from conventional cancers [19]. Others,
however, concluded that keratin 7 may be useful in the
differential diagnosis of chromophobe RCCs and ROs
[12, 17]. In our series, keratin 7 was present in the
majority of chromophobe and papillary RCCs, as well as
ROs. The low percentage of immunoreactive tumor cells
in ROs and their heterogeneous distribution might,
however, explain the conflicting results [12, 17, 19, 33,
38]. Although the differential diagnostic value of keratin
7 appears to be limited, it is important to note that, in our
series, keratin 7 expression in more than 50% of tumor
cells was seen in only 1 of 66 (1.5%) ROs. Therefore,
strong keratin 7 immunoreactivity makes the diagnosis of
RO very unlikely, whereas it does not exclude conven-
tional cancer, since almost every seventh conventional
RCC showed keratin 7 expression in more than 50% of
cancer cells. Another feature, that to the best of our
knowledge has not been well recognized, is the incorpo-
ration of non-neoplastic tubules within ROs, which can
easily be detected by their immunoreactivity for keratin 7.
In some cases, these tubules can even be traced from the

periphery to the center of the tumor by serial sectioning.
In two cases, we have also noticed incorporated papillary
adenomas at the subcapsular border of the tumors, which
were well preserved.

Thus far, keratin 19 immunoreactivity has been
systematically investigated only in conventional cancers
[4, 12, 26]. The expression in 90% of papillary cancers in
our study is in accordance with one recent report by Kim
and Kim [12], who noted keratin 19 immunoreactivity in
14 of 20 (70%) papillary RCCs. Keratin 19 immuno-
staining might, therefore, be of additional value differen-
tiating papillary RCC, especially the solid variant [30],
from the eosinophilic variant of chromophobe RCCs [16],
since, in our study, chromophobe tumors showed keratin
immunostaining in only about 20% of cases. In ROs,
keratin 19 immunoreactivity has, thus far, only anecdo-
tally been reported; Pitz et al. [28] analyzed eight ROs
and noticed only scattered keratin 19 positive tumor cells
in “some cases”. Taki et al. [35] found keratin 19 in 1 of 3
ROs, whereas according to Cao and Carsten [4] and Kim
and Kim [12], keratin 19 was undetectable in 5 and 12
ROs, respectively. As shown by us, however, keratin 19
can be found in about 40% of RO cases, mostly
coexpressed with keratin 7.

Keratin 20 immunoreactivity has been demonstrated
only in single cases of renal tubular malignancies [8, 21,
32, 37]. In fact, the general lack of keratin 20 expression
was suggested as criterion for differential diagnosis [11].
In our series, the only tumors showing keratin 20
immunoreactivity were two cases of type-2 papillary
cancer. Our observation corresponds to a recent study by
Kim et al. [12], who reported on 4 of 20 (20%) papillary
RCCs showing keratin 20 expression. However, papillary
carcinoma subtypes were not mentioned in that study, and
additional data are needed to investigate the potential
association of keratin 20 with type-2 papillary RCC.
Keratin 20 was not detectable in our RO cases, thus
confirming the reports obtained from other studies [12,
38]. The results by Stopyra et al. [33], who noticed a
punctate dot-like keratin 20 immunoreactivity in as much
as 12 of 15 (80%) ROs, could not be confirmed. Whether
this discrepancy can be explained by differences in
antibody reactivity, selection criteria, or variable thresh-
olds in the interpretation of immunoreactivity, as pro-
posed by Wu et al. [38], remains enigmatic. In any case,
the punctate or dot-like pattern of RO produced by
pankeratin antibody cocktails could, in our series, clearly
be attributed to keratins 8 and 18.

Recently, Chu and Weiss introduced keratin 14 as a
marker of RO in the distinction from RCC [6]. In our
series, however, keratin 14 antibodies identical to those
applied by Chu and Weiss [6] only produced a weak
diffuse cytoplasmic staining that spared plasma mem-
branes and lacked the staining intensity seen in positive
controls. We regarded this reaction as nonspecific, since
we saw a similar, yet somewhat weaker, reaction with
other keratin antibodies and with antibodies exclusively
recognizing nuclear antigens (p63, steroid hormone
receptors; data not shown). This assumption is supported
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by the negative staining obtained with the HMW-keratin
antibody, which recognizes keratin subtypes 1, 5, 10, and
14. On the ultrastructural level, the cells of all oncocytic
tumors are extremely rich in mitochondria [36], and the
mitochondrial carboxylases are known to contain biotin as
a co-enzyme [31]. Probably, this explains why Chu and
Weiss, themselves [6], applying an avidin-biotin-complex
method in their study, noticed a correlation between
keratin 14 immunoreactivity and the concentration of
mitochondria, which they tried to explain by cross-
reactivity of the keratin 14 antibody with mitochondrial
epitopes. To prove our hypothesis of non-specific staining
due to endogenous mitochondrial biotin, we used the
biotin-free EnVision+System, and the weak diffuse
cytoplasmic staining, seen previously, disappeared.

In conclusion, our results demonstrate that due to lack
of consistent differences in immunoreactivity, keratin
subtyping only provides additional clues for the classifi-
cation of renal epithelial tumors. The punctuate/dot-like
pattern of ROs with antibodies recognizing keratins 8 and/
or 18 appears to be the only useful criterion for
differential diagnosis. However, its value is hampered
by the fact that only about 50% of ROs show this
characteristic morphology. Hence, despite technical and
interpretative challenges of Hale’s colloidal iron, it is still
the most useful stain in differentiating chromophobe RCC
from oncocytoma. Moreover, the combination of Hale’s
colloidal iron with vimentin immunostaining still repre-
sents the best way to differentiate chromophobe from
conventional renal cancer. The potential value of keratin
20 as a marker for type-2 papillary cancer has to be
addressed in future studies. Keratin 14 immunohisto-
chemistry leads to nonspecific staining and cannot be
recommended as a diagnostic tool.
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Abstract Hereditary nonpolyposis colorectal cancer
(HNPCC) represents 2–4% of colorectal cancers and is
caused by a constitutional defect in a mismatch repair
(MMR) gene, most commonly affecting the genes MLH1,
MSH2, and MSH6. The MMR defect results in an
increased cancer risk with the greatest lifetime risks for
colorectal cancer and endometrial cancer. The HNPCC-
associated tumor phenotype is generally characterized by
microsatellite instability (MSI) and immunohistochemical
loss of expression of the affected MMR protein. We have
evaluated the information obtained from MSI analysis and
immunostaining for MLH1, MSH2, and MSH6 in a series
of 128 tumors from patients suspected of having HNPCC.
A MSI-high pattern was present in 59 of 128 (46%)
tumors. Loss of immunohistochemical expression for at
least one of these MMR proteins was found in 54 of 59
(92%) evaluable MSI tumors. This loss affected MLH1 in
28, MSH2 in 22, and MSH6 in 21 tumors (with MSH6 as
the only loss in 4 tumors). Five (8%) MSI-high tumors
showed normal MMR protein expression. All 69 mi-
crosatellite stable or MSI-low tumors showed normal
immunostaining for all three proteins. In 28 patients, all
with MSI-H tumors, germ-line mutations of MLH1,
MSH2, or MSH6 had been identified, and a corresponding
immunohistochemical loss of MMR protein expression

was identified in all these cases. In summary, immuno-
staining for the MMR proteins MLH1, MSH2, and MSH6
had a sensitivity of 92% and a specificity of 100% for
detecting MMR-deficient tumors. MMR protein immu-
nostaining facilitates mutation analysis in suspected
HNPCC patients, since it pinpoints the mutated gene,
but until the genetic background to the MSI tumors with
retained MMR protein expression has been clarified, we
suggest that MSI and MMR protein immunostaining
should optimally be combined in clinical HNPCC anal-
ysis.

Keywords Hereditary nonpolyposis colorectal cancer ·
Microsatellite instability · Immunohistochemistry

Introduction

Hereditary nonpolyposis colorectal cancer (HNPCC), also
referred to as Lynch syndrome, is the most common type
of hereditary colorectal cancer syndrome hitherto identi-
fied and is estimated to cause 2–4% of colorectal cancers
[1, 15]. Patients with HNPCC have an increased risk of
several tumor types, with the highest lifetime risks for
colorectal cancer (70–90%) and endometrial cancer (40–
60%); but, increased risks apply also for other tumor
types, such as cancers of the urothelium, the small bowel,
and the ovaries [2, 22]. HNPCC patients develop tumors
at a young age (mean 44 years) and have a tendency for
synchronous or metachronous tumors (a second primary
cancer develops in about one-third of the patients) [2].
International and clinically useful diagnostic criteria (the
Amsterdam criteria) for HNPCC have been established
and serve to provide a uniform clinical diagnosis [20].
However, all HNPCC families do not fulfill the Amster-
dam criteria, usually because of a small family size, a
weak family history of cancer, or a high age at onset.
Although no macroscopic or microscopic features are
exclusively associated with HNPCC, several diagnosti-
cally useful features exist and include tumors with a
predilection for the proximal colon, mucinous carcino-
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mas, poor differentiation, an expanding margin, presence
of tumor-infiltrating lymphocytes (TIL) and a Crohn’s-
like lymphocytic reaction [7, 12]. Mutations in mismatch-
repair (MMR) genes, most commonly affecting the genes
MLH1, MSH2, and MSH6 have been identified as the
cause of HNPCC (see the ICG-HNPCC database at http://
www.nfdht.nl) [10]. Identification of HNPCC families
enables inclusion of high-risk individuals into screening
programs in order to detect early-stage adenomas or
endometrial hyperplasias and, thereby, prevents cancer
development, decreases morbidity, and prolongs survival
in these patients [10, 19].

The defective MMR that causes HNPCC is in the
tumor tissue expressed as microsatellite instability (MSI),
a phenomenon that represents a variable length of
repeated sequences distributed throughout the genome
[3, 12]. MSI is found in more than 95% of HNPCC-
associated tumors, but also in about 15% of sporadic
colorectal cancers. According to international guidelines,
a panel of five microsatellite markers (including the
mononucleotide repeat markers BAT25 and BAT26 and
the dinucleotide repeat markers D5S346, D2S123, and
D17S20) should be used for the classification of MSI.
Instability in more than 40% of the markers analyzed is
defined as MSI-high (MSI-H), instability in less than 40%
of the markers corresponds to MSI-low (MSI-L), and
tumors without instability are classified as microsatellite
stable (MSS) [3]. Immunohistochemistry (IHC) for the
MMR proteins, using commercially available monoclon-
cal antibodies toward MLH1, MSH2, and MSH6, has
been introduced as a rapid and cheap complement to the
somewhat labor-intensive MSI analysis [4, 5, 6, 8, 9, 11,
14, 16, 17, 18, 20, 21]. The use of IHC analysis using
monoclonal antibodies against MLH1 and MSH2 was
first reported in 1996 [11]. Subsequent studies evaluating
this technique have been performed, and, whereas some
investigators advocate the use of IHC as a pre-screening
method for mutation analysis, others conclude that IHC
cannot replace MSI analysis. The different conclusions
reached probably depend on a number of factors, such as
selection of the tumor material, the histological types of
tumors studied, the antibodies and staining techniques
used, and the frequency of the different types of gene
alterations in the patient materials. We have correlated the
MSI status with the results of immunostaining for MLH1,
MSH2, and MSH6 in a retrospective series of patients
referred for oncogenetic counseling due to suspected
HNPCC.

Materials and methods

The study included 128 patients, 57 men and 71 women, with a
mean age of 50 years (range 20–84 years) at the first diagnosis of
cancer. All patients were referred to the oncogenetic clinics at the
University Hospital in Lund and at the Karolinska Hospital in
Stockholm due to suspected hereditary colorectal cancer. The
patients were included according to the recommendations from the
ethical committees at the Lund University Hospital and the
Karolinska Hospital. Of these patients, 52 fulfilled the Amsterdam

II criteria for the classification of HNPCC [20], and 48 patients
were classified as familial colorectal cancer (Fig. 1). The latter
group was defined as patients with at least two first-degree relatives
with colorectal cancer at any age, but the families did not fulfill the
Amsterdam criteria. An additional 21 patients were included
because of colorectal cancer at young age (mean 38 years, range
23–53 years) and 7 patients due to development of metachronous
HNPCC-associated cancers (cancers of the colorectum and the
endometrium). Whenever possible, a colorectal cancer from the
family was selected for MSI and IHC analysis, but in families
where no such tumor was available for analysis, other tumor types
were analyzed. The study, thus, included 79 colon cancers, 44 rectal
cancers, 3 endometrial cancers, 1 gastric cancer, and 1 adenocar-
cinoma of the cervix. For the MSI and the IHC analyses, tumor
blocks with sufficient quantity (approximately at least 30%) viable
tumor tissue were selected.

Microsatellite analysis

DNA was extracted from fresh frozen tumor tissue and from blood
using the Wizard DNA extraction kit (Promega, Madison, WI,
USA) according to the manufacturer’s recommendations. For DNA
extraction from formalin-fixed tissue, 3�10-mm tissue sections were
incubated in ethylene diamine tetraacetic acid (EDTA)-Tris-buffer
with proteinase K at 65�C for at least 2 h, followed by boiling,
centrifugation, and removal of the aqueous phase, which was used
for the polymerase chain reaction (PCR) reactions. The MSI status
of the majority of the tumors was established using the mononu-
cleotide markers BAT25, BAT26, BAT40, the dinucleotide mark-
ers D2S123, D5S346, D17S250, and BAT34C4 (for primer

Fig. 1 Distribution of microsatellite instability (MSI) and immu-
nohistochemical (IHC) loss in relation to the clinical group of
tumors (patients fulfilling the Amsterdam criteria, patients with
familial colorectal cancer, and patients with metachronous cancer
or young age at diagnosis). The highest number of tumors with MSI
and IHC loss (orange) is, as expected, found among patients who
fulfill the Amsterdam criteria; whereas, the majority of patients
with familial cancer and metachronous tumors/young age have
mismatch-repair proficient tumors and retained IHC expression
(yellow). The “unexplained” cases (green) with MSI but retained
IHC expression occur in all three groups
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sequences, see Table 1). The MSI-markers used herein are all
among those recommended in the NCI reference panel for MSI
analysis and have been shown to assess MSI with high accuracy [3].
The PCR amplification reactions were performed using AmpliTaq
Gold DNA polymerase (Applied Biosystems-Roche, Foster City,
CA, USA). The PCR program consisted of initial denaturation at
94�C for 7 min, followed by 10 cycles of denaturation at 94�C for
15 s, annealing at 45–50�C for 15 s and extension at 72�C for 15 s,
followed by 23 cycles of denaturation at 89�C for 15 s, annealing at
45–50�C for 15 s and extension at 72�C for 15 s, followed by a final
elongation step at 72�C for 7 min. The MSI analyses were either
performed using radioactively labeled PCR products, which were
electrophoretically size separated in 6% acrylamide gels or (for the
majority of the tumors) using fluorescently labeled primers and size
separation of the PCR products on an ABI PRISM 310 Genetic
Analyzer (Applied Biosystems). For the latter method, the PCR
products were mixed with 12 ml deionized formamide (Hi-Di
formamide, Applied Biosystems) and 0.5 ml TAMRA 500 size
standard (Applied Biosystems), denatured at 95�C for 2 min,
chilled on ice, and separated in Performance Optimized Polymer-4
(POP-4). In the 25 tumors from Stockholm, the MSI status was
determined using the “MSI Multiplex Prototype kit” (Promega),
which includes the markers BAT25, BAT26, BAT40, MONO27,
D3S2432, D7S808, D7S3046, D7S3070, and D10S426. Also for
these cases, ampliTaq Gold was used for the PCR amplification and
size separation was performed on an ABI PRISM 310 Genetic
Analyzer (Applied Biosystems). The classification of MSI-L, MSI-
H, and MSS was according to the NIH guidelines [3].

Immunohistochemistry

Immunostaining was performed using 4-mm sections of formalin-
fixed, paraffin-embedded tissue, which were mounted on Dako
ChemMate Capillary Gap microscope slides (Dako A/S BioTek
Solutions, USA) and dried at room temperature overnight followed
by incubation at 60�C for 1–2 h. The tissue sections were
deparaffinized in xylol and rehydrated through descending con-
centrations of ethanol. Antigen retrieval was achieved by micro-
wave-treatment in 1 mM EDTA, pH 9.0, at 800 W for 8 min
followed by 15 min at 300 W. The slides were then allowed to cool
for at least 20 min in the EDTA solution. IHC staining was
performed in an automated immunostainer (TechMate 500 Plus,
Dako), according to the manufacturer’s instructions. The main steps
were as follows: mouse monoclonal IgG antibodies to MLH1
(clone G168–15, dilution 1:100; PharMingen, San Diego, CA,
USA), MSH2 (clone FE-11, dilution 1:100; Oncogene research
products, Boston, MA, USA), or MSH6 (clone 44, dilution 1:1000;
BD Transduction Laboratories) were applied and the sections were
incubated at room temperature for 25 min. Thereafter, the slides

were incubated with biotinylated anti-mouse antibody (Dako) for
25 min (for MLH1 and MSH2) or with rabbit anti-mouse
immunoglobulins (Dako, dilution 1:400) for 20 min (for MSH6).
Endogenous peroxidase activity was blocked in peroxidase-block-
ing solution (Dako) for 3�2.5 min. This was followed by incubation
with streptavidin-horseradish peroxidase (HRP) for 25 min for
MLH1 and MSH2, whereas EnVision/HRP rabbit/mouse (Dako)
incubation for 25 min was used for MSH6. Finally, the tissue
sections were treated with diaminobenzidine for 3 times 5 min,
counterstained with hematoxylin for 1 min, rinsed in running tap
water for 10 min, dehydrated in ascending concentrations of
alcohol and mounted. After each step, the sections were rinsed in
Tris-buffered saline, pH 7.4, and Tween-20. In order to block
nonspecific protein binding, bovine serum albumin was added to
the buffer before the antibody incubation steps in the MLH1 and
MSH2 stainings. A detailed protocol is available from the authors
upon request. Two of the authors (B.H. and M.N.) who were
blinded regarding the MSI status independently evaluated all
stained sections. A positive staining was defined as an unequivocal
nuclear staining in the neoplastic cells, and nuclear staining was
required in the stromal components of the tumor. Tumor cells
without nuclear staining in the presence of staining in normal
epithelial, stromal, or inflammatory cells or within infiltrating
lymphoid cells were classified as having lost the expression
(Fig. 1). In five tumors, a reduced staining intensity for the nuclear
staining, in the presence of retained nuclear staining in the stromal
cells, was found, and the expression pattern in these tumors was
classified as weak (Fig. 2). If nuclear staining was not obtained in
the internal control tissue (see above), the sections were classified
as non-evaluable.

Results

The MSI analysis of the 128 tumors revealed a MSI-H
pattern in 59 tumors, a MSI-L pattern in 4 tumors, and a
MSS pattern 65 tumors. The MSI status in relation to
clinical characteristics showed MSI-H tumors in 39 of 52
(75%) patients in the Amsterdam-positive group, in 13 of
48 (27%) tumors from patients with familial colorectal
cancer, in 7 of 28 (25%) tumors from patients with
metachronous tumors or young age at diagnosis (Fig. 1).
All 65 MSS and 4 MSI-L tumors showed normal
expression of MLH1, MSH2, and MSH6. Loss of
expression for at least one of the MMR proteins occurred
in 54 of 59 (92%) evaluable tumors and affected MLH1 in
28 tumors, MSH2 in 22 tumors, and MSH6 in 21 tumors
(Fig. 2, Table 2). Non-evaluable staining patterns, due to
lack of positive staining in the tumor stroma, were seen
for MSH6 in three tumors. Weak and heterogeneous
staining patterns occurred in five tumors and affected
MSH2 in one tumor (which carried a germ-line MSH6
mutation) and MSH6 in four tumors (three of which
carried germ-line MSH2 mutations) (Table 2). Among the
22 tumors with MSH2 loss, 17 showed a concomitant loss

Table 1 Polymerase chain reaction primer sequences for mi-
crosatellite instability analysis

Marker Primer sequence

BAT25 50-TCGCCTCCAAGAATGTAAGT-30 (forward)
50-TCTGCATTTTAACTATGGCTC-30 (reverse)

BAT26 50-TGACTACTTTTGACTTCAGCC-30 (forward)
50-AACCATTCAACATTTTTAACCC-30 (reverse)

BAT34C4 50-ACCCTGGAGGATTTCATCTC-30 (forward)
50-AACAAAGCGAGACCCAGTCT-30 (reverse)

BAT40 50-ACAACCCTGCTTTTGTTCCT-30 (forward)
50-GTAGAGCAAGACCACCTTG-30 (reverse)

D5S346 50-ACTCACTCTAGTGATAAATCG-30 (forward)
50-AGCAGATAAGACAGTATTACTAGTT-30

(reverse)

D2S123 50-AAACAGGATGCCTGCCTTTA-30 (forward)
50-GGACTTTCCACCTATGGGAC-30 (reverse)

Table 2 Summary of the immunohistochemistry (IHC) staining
patterns in the 59 microsatellite instability-high (MSI-H) tumors

Staining pattern Retained Weak Loss NE

Antibody
MLH1 31 0 28 0
MSH2 36 1 22 0
MSH6 31 4 21 3
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of MSH6 staining, 3 tumors showed a weak staining for
MSH6, 1 tumor showed retained staining for MSH6, and,
in the remaining tumor, the MSH6 staining was non-
evaluable. Four tumors showed loss of MSH6 only. Of the
59 MSI-H tumors, 5 (8%) (4 colorectal cancers and 1
endometrial cancer) showed a normal, retained expression
of all three MMR proteins (Table 3).

Discussion

The aim of our study was to assess how MSI analysis and
IHC of the MMR proteins MLH1, MSH2, and MSH6

correlated and contributed to the detection of defective
MMR in a series of tumors from patients with suspected
HNPCC. IHC analysis of tumor tissue from HNPCC
patients provides a useful and time-preserving comple-
ment to the MSI analysis and is estimated to cost one-
quarter the amount of a MSI analysis [6]. MSI analysis
requires DNA extraction, PCR amplification, and frag-
ment size analysis; whereas, IHC staining is performed on
sections from the paraffin-embedded tumor tissue. Insuf-
ficient amounts of DNA may also limit the detection of
MSI in small and fragmented tumor biopsies, such as
those obtained from needle biopsies or colonoscopic
biopsies, IHC does, in most such cases, yield evaluable

Fig. 2 Immunostaining for the mismatch-repair proteins MLH1 and MSH2. Tumor H21 showing loss of staining for MLH1 and retained
staining for MSH2. Tumor H32 with normal staining for MLH1, but loss of staining for MSH2

Table 3 Clinical data on mi-
crosatellite instability (MSI) tu-
mors with retained
immunohistochemistry (IHC)
staining. NI no mutation identi-
fied in MLH1 and MSH2

Family
number

Tumor
type

Family
history

MSI
status

MMR-protein
IHC

Mutation

H13 C Am MSI-H MLH1+/MSH2+ NI
H19 E Fam MSI-H MLH1+/MSH2+ NI
H67 C Am MSI-H MLH1+/MSH2+ NI
H102 C Meta MSI-H MLH1+/MSH2+ NI
H117 C Am MSI-H MLH1+/MSH2+ NI
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results. The option for an IHC analysis on biopsy material
is clinically valuable, since a pre-operative diagnosis of
HNPCC may influence the type of surgery performed
(colectomy is considered because of the high risk of a
second primary colorectal cancer). When performing
HNPCC diagnosis, loss of IHC staining will also facilitate
a subsequent mutation analysis, since it can pinpoint the
gene affected and, thereby, direct the mutation analysis.
Both methods may give inconclusive results due to poor
quality of the tumor material, such as necrotic or
irradiated tissue and use of extensive formalin fixation
(at high concentration or during long time). Tumor
samples older than about 30 years frequently cause
problems in these analyses, but failure to obtain good
PCR products is, in our experience, approximately as
common as poor IHC staining in these cases. We have
successfully analyzed samples diagnosed as early as in the
1950s for MSI as well as immunostaining (unpublished
observations). Similar findings, with a somewhat higher
success rate for the IHC analysis than the MSI analysis in
archival samples, have been reported by Lindor et al. [9].

Studies on the correlation between MSI and IHC for
the MMR proteins have revealed a high degree of
correlation between these methods. The sensitivity for
an abnormal MMR protein IHC staining to detect a MSI
tumor has, in the larger studies, generally been reported to
be between 80% and 95%, and the specificity has reached
100% in most studies [6, 8, 9, 11, 14, 16, 17, 18, 21, 23].
Our finding of loss of expression for the MMR proteins
MLH1, MSH2, and/or MSH6 in 54 of 59 (92%) MSI
tumors and retained expression in all MSS/MSI-L tumors
support these observations. The IHC loss affected MLH1
in 28, MSH2 in 22, and MSH6 in 21 tumors. Although
MLH1 promoter methylation was not excluded, the equal
contribution of losses of these MMR proteins suggests
that most cases in the study do, indeed, represent
HNPCC-associated tumors. The overall correlation be-
tween MSI and IHC is probably higher in sporadic MSI
cancers than in HNPCC-associated tumors, since the
MMR defect in most sporadic tumors is caused by
hypermethylation of the MLH1 promoter; whereas, many
different structural gene alterations cause the MMR defect
in HNPCC. Although all MSS or MSI-L tumors included
in our study showed retained IHC expression of the MMR
proteins, loss of IHC staining has been described by other
investigators in occasional MSS tumors, although several
authors mention heterogeneous staining patterns and
suboptimal tissue in these cases [6, 9, 14, 18, 21].

Presence of MSI and retained MMR protein expression
was, in our series, found in 5 of 59 (8%) tumors, all of
which were MSI-H tumors and occurred in patients within
the different clinical groups (Fig. 1, Table 3). This
observation is in line with other investigators who have
found normal expression in about 1 of 10 MSI-H tumors
[5, 9, 18, 21]. Retained IHC expression has been
demonstrated in a small number of tumors from patients
known to carry germline MMR gene mutations. Indeed,
the sensitivity for an IHC loss differs among the different
MMR proteins; whereas, virtually all MSH2 mutant

tumors and most MSH6 mutant tumors loose IHC
expression, MLH1 mutations may more often be accom-
panied by a normal immunostaining. This is probably due
to a higher number of pathogenetic missense mutations,
as well as other types of mutations that allow production
of a stable and immunoreactive, albeit non-functional,
protein in MLH1 than in the other genes. Furthermore, the
MLH1 IHC results seem to be technically more capricious
[13]. The finding of MSI in tumor tissue reflects defective
MMR caused by two hits to this system. Thus, muta-
tions—germ-line as well as somatic—affecting other
genes in this system may be the underlying cause of MSI
in some of these cases. Several studies (including ours)
show a low number of germ-line mutations in MSI-H
tumors with retained expression of MMR protein immu-
nostaining [5, 24]. Utilizing DNA sequencing and quan-
titative multiplex PCR for the detection of large deletions,
we could not identify any germ-line mutations in MLH1
or MSH2 in the 5 MSI-H tumors with retained MMR
protein expression in our study (unpublished observa-
tions). These tumors may carry mutations affecting other
genes involved in DNA-repair, such as PMS2 or MLH3.
Hence, characterization of the genetic, clinical, and
technical background to the discrepant cases is important
in order correctly interpret these tumors and will probably
influence future recommendations of how MSI and
immunostaining should optimally be utilized in HNPCC
diagnosis.

Germline HNPCC-causing mutations had been identi-
fied in 28 patients in our study. These mutations affected
MLH1 in 10, MSH2 in 14 and MSH6 in 4 patients (data
not shown). All tumors derived from these patients were
MSI-H and showed complete loss of staining for MLH1,
MSH2, and/or MSH6, respectively. The MMR proteins
MSH2 and MSH6 functionally interact. Tumors with loss
of staining for MSH2 have been demonstrated to lose
MSH6 in about 80% of the tumors, which suggests that
MSH6 is degraded in the absence of its binding partner
[16, 23]. Of the 22 tumors with MSH2 loss in our study,
17 (77%) displayed loss of MSH6; whereas, the remain-
ing tumors either showed a retained staining, a weak
staining, or were non-evaluable for the MSH6 staining.
Thus, our results regarding the concomitant loss of MSH2
and MSH6 are in agreement with previous observations.
Three of the patients included in our study carried an
identical nonsense mutation in MSH6. Although these
individuals are not known to be related, the families came
from the same geographical region in southern Sweden.
All three tumors showed loss of MSH6 staining in the
tumor tissue with retained staining in the stromal cells.
However, the MSH2 staining varied among these three
tumors; one tumor showed loss of MSH2 staining, one
showed a weak, poor-quality staining, and the third tumor
showed a normal nuclear staining for MSH2 (Fig. 3). This
finding demonstrates a variability of the MSH2 staining
patterns for a structurally identical nonsense mutation in
MSH6 and implicates that weak or otherwise aberrant
staining patterns should lead to mutation analysis in order
not to disregard mutant cases.
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We conclude that MMR protein IHC provides a rapid
method with a sensitivity around 90% and a specificity of
100% in most studies (including the present one) for
detecting tumors with defective MMR. IHC is a useful
complement to the MSI analysis and facilitates the
mutations analysis in HNPCC patients, since it can, in
most cases, pinpoint the mutated gene. However, MSI and
IHC are complementary; MSI analysis can identify
MMR-deficient tumors in which the defect in not caused

by silencing of MLH1, MSH2, or MSH6. IHC, on the
other hand, can identify MMR defects in small amounts
of tumor tissue (with insufficient DNA to allow MSI
analysis). Since about 10% of the MSI-H tumors have a
normal MMR protein expression and until the genetic
background to these tumors has been clarified, we believe
MSI analysis and MMR protein immunostaining should
optimally be combined in HNPCC diagnosis in order to
maximize the detection of MMR deficient tumors.
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Abstract The insulin-like growth factor (IGF) signal
transduction system involves receptors, ligands and
binding proteins (IGFBPs) that have been shown to have
mitogenic and distinct anti-apoptotic effects on malignant
cell lines of both epithelial and mesenchymal origin.
Expression of the IGF signal system might be a mech-
anism by which human soft-tissue sarcomas (STS) obtain
a proliferative advantage over normal adjacent tissues.
IGFBP2, one of at least six different binding proteins
identified to date, is secreted by most sarcoma cell lines
and appears to be involved in cell proliferation and
transformation. Circulating levels of this protein are
markedly increased in malignancy. We have assessed 46
adult STS specimens of low, intermediate and high
pathological grade of malignancy for the immunohisto-
chemical expression of IGFBP2, IGF1, IGF2, IGF1
receptor-a and -b (IGF1Ra/b). The protein expression
was measured by quantitative color video image analysis
and semi-quantitative evaluation, and the measurements
correlated well (Spearman, P<0.001). Using both meth-
ods, significant differences in expression of IGFBP2
among each of the three grades, expression of IGF2

between intermediate and high grade, and expression of
IGF1Rb between low-intermediate and low-high grade
were observed (Dunnett test, P<0.05). Multiple regression
analysis for both quantitative and semi-quantitative data
confirmed the significance of the relationship and inde-
pendence of the proteins, except IGF2. We concluded that
IGFBP2 and IGF1Rb are independent predictors of the
malignant potential of adult STS.

Keywords IGF1 · IGF2 · IGF1 receptor a/b · IGFBP2 ·
Sarcomas

Introduction

Soft-tissue sarcomas (STS) are relatively rare tumors
representing approximately 1% of human cancers. They
occur at different sites of the body and vary greatly in
their aggressive abilities. Although several prognostic
factors are associated with the metastatic potential of
these tumors (tumor size, site, depth and histological
type), tumor grade remains the single most reliable
prognostic indicator [8]. Despite current management
protocols, about 50% of patients with STS eventually will
succumb to their disease [18].

There is ample evidence that some human sarcomas
depend on specific growth factors, receptors and binding
proteins for optimal tumor growth [33]. The insulin-like
growth factor (IGF) mitogenic signal transduction system
involves ligands, receptors and binding proteins (IGF-
BPs), which have been shown to have mitogenic and
distinct anti-apoptotic effects on malignant cell lines of
both epithelial and mesenchymal origin [9, 13, 27]. The
IGF1 receptor and its ligands protect cells from apoptosis
through manipulation of members of the Bcl-2 family as
well as through direct prevention of caspase activation
[30]. The crucial role of the IGF system in transformation
and apoptosis is further established by the observation
that it is a target for tumor suppressors such as p53 [34].
In contrast to the inhibitory effects of wild-type p53 on
IGF1 receptor signaling, mutant forms of p53 have been
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shown to act as positive regulators of the IGF system [35].
In tumorigenesis, where inactivating mutations in the p53
gene are common, p53-mediated regulation of IGF signal
expression may account for the increased levels of these
factors in malignant cells that harbor p53 mutations,
conferring tumor cells with both a proliferative and
survival advantage.

The IGF1 receptor is a transmembrane heterotetramer
that mediates the cellular effects of IGFs after binding of
the ligand to the extracellular domains of the receptor.
IGFs are small peptides that have been shown to mediate
the effects of growth hormone on skeletal growth and to
have a variety of anabolic effects on cells of connective
tissue origin [26]. Although the liver has been identified
as the primary endocrine source of serum IGFs in
mammals [17], other sources are available for IGF-
responsive tissues via autocrine or paracrine pathways
[24]. In biological fluids, IGF1 and IGF2 are non-
covalently bound to high-affinity IGFBPs, at least six
species of which have been identified to date, but with
poorly defined functions. IGFBP2 is secreted by many
cell lines and appears to be involved in cell proliferation
and transformation [2, 23]. Moreover, circulating levels
of this protein are markedly increased in malignancy [16,
22]. IGFBP2 is not glycosylated and contains an integrin
receptor recognition sequence, suggesting cell association
properties [6, 11].

Although previous in vitro investigations have dem-
onstrated expression of IGF1 receptors [9, 13, 27] and
IGF1 and 2 ligands [5, 31] in cell lines derived from
normal mesenchymal and epithelial tissues as well as
cancers, investigation of IGF receptors, ligands and
binding proteins in primary sarcoma specimens has been
limited. Expression of some members of the IGF family
has been demonstrated in some sarcomas using reverse-
transcription polymerase chain reaction (RT-PCR) [12].
The objectives of the current investigations were to
evaluate expression of IGF1 receptor-a (IGF1Ra) and -b
(IGF1Rb), IGF1 and 2 and one of their binding proteins,
IGFBP2, in a variety of human sarcomas using immuno-
histochemistry and to correlate this expression with the
malignant potential of the tumors.

Materials and methods

Patients and samples

Specimens from 46 patients with previously untreated STS referred
to the Prince of Wales Hospital, Sydney, Australia, were entered
into the study. Primary histological diagnostic confirmation was by
‘Trucut’ or open excision biopsy, according to the classification of
Einzinger and Weiss [12]. Tumors were assigned independently by
two pathologists into high, intermediate or low grade according to a
scoring system based on the scheme from the French Federation of
Cancer Centers Sarcoma Group (FNCLCC) [7, 20, 25], using
standard histopathological parameters, including degree of differ-
entiation, mitotic count and microscopically assessed necrosis. The
gastrointestinal stromal tumors were graded according to the
National Institutes of Health Consensus Conference [15], using
tumor size and mitotic count. Depths were classified as superficial
or deep to fascia [1].

Immunohistochemistry

For every procedure, samples were randomly chosen from each of
the groups. The 5-mm sections of phosphate-buffered saline (PBS)
formalin-fixed and paraffin-embedded specimens were routinely
dewaxed in Histochoice (Amresco, Ohio), rehydrated in graded
series of ethanol and washed in distilled water. Antigen retrieval
was performed by placing the specimens in 0.01 M citrate buffer at
pH 6.0 and exposing them to microwave heating at intervals of
5 min at 50% maximum power and 10 min at 20% power in a
1200 W microwave oven. The buffer was replenished after each
interval to account for evaporation. The sections were cooled at
room temperature for 15 min, washed in sterile water for 5 min and
PBS, pH 7.6, for 5 min. Endogenous peroxidase activities were
quenched in 0.3% H2O2/H2O (Sigma, St. Louis, MO) for 30 min,
washed in PBS and followed by blocking of nonspecific antibody
binding in 10% goat or rabbit sera for 30 min at room temperature.
Tissue sections were incubated overnight at 4�C in a humidifier
with primary rabbit polyclonal antibodies diluted in 1% bovine
serum albumin (BSA), which recognized IGF1Ra (dilution 1:150),
IGF1Rb (dilution 1:150), IGF1 (dilution 1:150) and with primary
goat polyclonal antibodies, which recognized IGF2 (dilution 1:150)
and IGFBP2 (dilution 1:150), respectively (Santa Cruz Biotech-
nology, Santa Cruz, Ca). Negative tissue controls of normal
connective tissue were included in each section. As negative
staining controls, the primary antibodies were replaced with either
1% BSA/PBS to rule out the effect of endogenous peroxidase or
with isotype-matched irrelevant rabbit or goat immunoglobulin,
where appropriate, to test for specificity. As secondary antibodies,
biotinylated F(ab’)2 fragments were used (swine anti-rabbit in
dilution 1:300 and rabbit anti-goat in dilution 1:400) (Dako,
Carpinteria, CA). Specific cellular immunoreactivity was detected
by incubating with avidin-biotin/horseradish peroxidase conjugate
for 30 min at room temperature followed by two 5-min washings in
PBS. The brown color development was performed using diami-
nobenzidine tetrahydrochloride (DAB) as chromogen at a dilution
of 1:50 (Dako). The sections were lightly counterstained in
hematoxylin, dehydrated in a graded series of ethanol, cleared in
three changes of xylene and cover-slipped in Eukitt mounting
medium.

Semi-quantitative analysis

The degree of expression of IGFBP2, IGF1, IGF2, IGF1Ra and
IGF1Rb was estimated by semi-quantitative analysis and classified
into one of four grades: 0 = no staining; 1 = weak staining; 2 =
strong staining of 25% or moderate staining of <80%; 3 = strong
staining of 25–50% or moderate staining of >80%; 4 = strong
staining of >50% tumor cells. Slides were examined and scored
independently by two of the authors blinded to any other
pathological information. In 75% of cases, the data were similar,
and the other 25% were reviewed until final agreement was
achieved.

Color video image analysis

The immunostained sections were examined using a Leica (Leitz
Laborlux S; Leica, Wetzlar, Germany) microscope (�400) coupled
to a video camera (Sony Hyper HAD, color CCD-IRIS/RGB, model
DXC-151AP), connected to a computer-aided color video image
analysis (VIA) system (Multi-Sync 3 V, model JC-1535VMR; NEC
Corporation). After being captured and digitalized onto the video
screen, microscopic images were analyzed using an image analysis
software program (Leica Q500MC, Microsoft Windows hosted
image analysis system, Leica Australia P/L). The images stored in
the software were composed of up to 512�512 pixels separated into
8-bit brightness. The transmitted light intensity was standardized by
using a fixed rheostat setting at the microscope light source. The
stability of the light output was frequently checked during all
procedures.
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Due to the high cellularity of some samples, sequential fields
were systematically examined using a �40 objective and a �10
eyepiece within a fixed frame of 45,000�450 pixels (0.2025 mm2)
to increase the number of cells per field. Color values for each of
the red, green and blue components were calculated for each pixel
from 1 to 255. After counterstaining with Harris’s hematoxylin,
which allowed excellent separation from DAB staining, a threshold
of 170 (range 0–255) was determined for the blue color component
as a cut-off range. With this setting, false or weakly positive
staining could not be recorded. Ten slides (two of each group) were
originally analyzed for this purpose.

Due to heterogeneity of the tumor samples, it was necessary to
examine ten fields per slide. This number was determined using a
progressive mean graph to achieve a meaningful result in statistical
terms. Each slide was initially examined at �10 magnification for an
overall view of the lesion and counter-stain intensity. This practice
allowed an area to be chosen that was the most representative, with
no tissue folding or overlapping and minimal background staining.
The fields were then randomly selected within this area. The degree
of staining intensity was estimated as the mean DAB area stained
from a minimum of 900 cells in ten microscopic fields at �400
magnification. Evaluation of the staining reaction, which is usually
cytoplasmic, was performed using the cumulative immunoreactivity
(IR) score, which is equal to the sum of staining intensity in pixels
multiplied by the percentage area stained and divided by ten.

Data from the VIA were divided into five distinct IR groups
similar to the semi-quantitative evaluation of staining. Cut-off
points defining these groups were determined prior to any analysis
to ensure roughly equal numbers per group. The IR scale was as
follows: IR 0 = [0–0.1), IR 1 = [0.1–1), IR 2 = [1–5), IR 3 = [5–10),
IR 4 = [10, 1).

Ethics clearance

This study was approved by the research ethics committee of the
South Eastern Sydney Area Health Service (REES, Ref.: 00/253).

Statistical analysis

Semi-quantitative data are presented as median € standard error of
the mean (SEM); quantitative data are presented as mean € SEM.
Associations between the semi-quantitative and quantitative esti-
mations of the expression of IGFBP2, IGF1, IGF2, IGF1Ra and
IGF1Rb were tested using Spearman’s correlation coefficient. The
differences in expression across the three pathological groups (low,
intermediate and high grade) were determined by analysis of
variance and/or Kruskal-Wallis test where appropriate after
assessing homogeneity of variance by Levene’s test. The differ-
ences between the individual groups were analyzed using the
Dunnett T3 method. Multiple regression analysis was used to
confirm the significance of the relationship and independence of
the factors. All reported P values are two sided. For all these
statistical analyses, a P value of less than 0.05 was considered
significant. Statistical analysis was performed using SPSS/Win 10.0
statistical package (SPSS, Inc., Chicago, IL).

Results

The ages of the patients included in this study ranged
from 16 years to 90 years, with a mean of 55.7 years, and
50% were from each gender. Table 1 provides the clinical
details of the sample population. Malignant fibrous
histiocytoma, leiomyosarcoma and gastrointestinal stro-
mal tumors were the most common tumor types. Of the
tumors, 10 were low grade, 9 were intermediate grade,
and 27 were high grade; 30 were 5 cm or more in
maximum diameter and 23 were deep to fascia.

The two procedures, quantitative color VIA and semi-
quantitative evaluation, correlated well for all the proteins
(Spearman’s correlation coefficient, r>0.928, P<0.001),
as illustrated for IGFBP2 and IGF1Rb in Fig. 1 and
Fig. 2, respectively.

Table 1 Clinical characteristics of 46 adult patients with soft-tissue
sarcomas. MFH malignant fibrous histocytoma, GIST gastrointes-
tinal stromal tumor

Characteris-
tics

Number %

Mean age 55.7 years
(range 16–90 years)

Gender Female 23 50.0
Male 23 50.0

Site Head/neck 5 10.9
Upper extremity 5 10.9
Back/abdominal wall 3 6.5
Intraperitoneal 8 17.4
Retroperitoneal 10 21.7
Pelvis 2 4.3
Lower extremity 13 28.3

Histological
type

Liposarcoma 5 10.9
Leiomyosarcoma 9 19.6
Angiosarcoma 4 8.7
MFH 9 19.6
GIST 7 15.1
Synovial sarcoma 3 6.5
Others 9 19.6

Grade Low grade 10 21.7
Intermediate grade 9 19.6
High grade 27 58.7

Mean tumor
size (n=44)*

7.5 cm
(range 0.8–27 cm)
�5 cm 30 68.2
<5 cm 14 31.8

Depth (n=30) Superficial 7 23.3
Deep 23 76.7

*Available number (<46) is mentioned

Fig. 1 Insulin-like growth factor binding protein 2 immunoreac-
tivity for video image analysis compared with semi-quantitative
scores (median, upper and lower quartiles indicated)
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The semi-quantitative evaluations of the specimens of
each clinical group are presented in Table 2. Significant
differences of the immunohistochemical expression of
IGFBP2 among the three clinical groups were observed
(P<0.001). Significant differences of the expression of
IGF2 were observed between intermediate and high grade
(P=0.032) and of IGF1Rb between low-intermediate and
low-high grade (P=0.003 and P<0.001, respectively).
Multiple regression analysis confirmed the significance of

the relationship and independence of the three proteins
(P<0.001 for IGFBP2, P=0.035 for IGF2 and P=0.06 for
IGF1Rb).

Heterogeneity of staining, which was mostly intracel-
lular, was noted within individual tumor samples showing
either variation in intensity or patchiness of DAB staining
(Fig. 3). Data generated by color VIA were used to
calculate the mean immunoreactivity (pixels) for each
clinical group (quantitative analysis), as shown in Table 3.
Corresponding to the semi-quantitative evaluation, the
quantitative analysis revealed significant differences in
the immunohistochemical expression of IGFBP2 among
the three clinical groups (P�0.030).

Significant differences in the expression of IGF2 were
observed between intermediate and high grade (P=0.021)
and in IGF1Rb, between low-intermediate and low-high
grade (P�0.047). Significance was confirmed by multiple
regression analysis of the relationship and independence
of IGFBP2 (P=0.001) and IGF1Rb (P=0.004), but not for
IGF2.

Discussion

Expression of growth factors and their receptors may be a
significant mechanism by which some sarcomas develop
abnormal growth. In vitro studies using established cell
lines have suggested that tumors expressing IGF1 recep-
tors may be responding, not only to circulating serum
levels of IGFs produced by the liver, but also to IGFs

Table 2 Semi-quantitative
analysis of the relationship be-
tween expression of proteins of
the insulin-like growth factor
(IGF) family and grade of soft-
tissue sarcomas (STS). Expres-
sion of signals in IGF-axis are
given as median € SEM. NS not
significant, IGFBP insulin-like
growth-factor binding protein,
IGF1Ra insulin-like growth-
factor receptor-a, IGF1R b in-
sulin-like growth-factor recep-
tor b

IGFBP2 IGF1 IGF2 IGF1Ra IGF1Rb

Low grade 1€0.15 1€0.28 1€0.39 0.5€0.3 1€0.28
Intermediate grade 2€0.17 1€0.26 1€0.24 1€0.29 2€0.29
High grade 3€0.16 2€0.19 2€0.19 1€0.17 3€0.15
Kruskal-Wallis test H=23.649 H=8.837 H=3.843 H=4.464 H=19.758
Significance P<0.001 NS P=0.012 NS P<0.001

Dunnett test

Low versus intermediate P<0.001 NS NS NS P=0.003
Low versus high P<0.001 NS NS NS P<0.001
Intermediate versus high P<0.001 NS P=0.032 NS NS
Levene test P<0.001 NS P=0.035 NS P=0.006

Fig. 2 Insulin like growth factor receptor b immunoreactivity for
video image analysis compared with semi-quantitative scores
(median, upper and lower quartiles indicated)

Table 3 Quantitative analysis
by video image analysis of the
relationship between expression
of proteins of the insulin-like
growth factor (IGF) family and
grade of soft-tissue sarcomas
(STS). Expression of signals in
IGF-axis are given as mean €
SEM. NS not significant. IGF-
BP insulin-like growth factor
binding protein, IGF1Ra insu-
lin-like growth factor receptor-
a, IGF1R b insulin-like growth
factor receptor-b

IGFBP2 IGF1 IGF2 IGF1Ra IGF1Rb

Low grade 0.8€0.2 0.93€0.6 1.6€0.9 0.6€0.5 1.2€0.5
Intermediate grade 3.9€0.9 1.3€0.6 1.3€0.4 0.6€0.2 5.0€1.2
High grade 7.8€0.9 2.6€1.2 3.6€0.7 1.4€0.3 8.3€0.9
Kruskal-Wallis test H=22.561 H=1.665 H=6.781 H=8.237 H=20.464
Significance b P<0.001 NS P=0.034 P=0.016 P<0.001
ANOVA F=11.68 F=0.495 F=2.714 F=1.616 F=10.028
Significance P<0.001 NS NS NS P<0.001

Dunnett test

Low versus intermediate P=0.030 NS NS NS P=0.047
Low versus high P<0.001 NS NS NS P<0.001
Intermediate versus high P=0.025 NS P=0.021 NS NS
Levene test P=0.001 NS NS NS P=0.004
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produced by the tumor itself in an autocrine and/or
paracrine manner [10, 13]. Growth and metastasis of
murine sarcomas have been shown to be altered by
changing serum levels of IGFs [28, 32]. These murine
experiments suggested that novel therapeutic approaches
based on manipulation of serum IGF might be feasible in
IGF-responsive human sarcomas. To date, few studies
have attempted either to investigate the expression of IGF
receptors, IGF ligands and their binding proteins in

sarcomas obtained at surgery or to determine any clinical
implications of IGF dependency in vivo.

In this study, we have determined the expression of
IGF signals for a cohort of 46 adult patients with STS
scored into low, intermediate and high grade of malig-
nancy. Histological grade has been shown to be the most
important prognostic factor in adult sarcomas with regard
to metastasis development and tumor mortality, although
tumor size and tumor location (superficial versus deep)

Fig. 3 Immunohistochemical staining of proteins of the insulin-like
growth factor (IGF) family in different sarcomas (�400). Inserted
pictures (�100). a Insulin-like growth factor binding protein
(IGFBP2) staining in spindle cell sarcoma. b IGFBP2 staining in

leiomyosarcoma. c IGF2 staining in pleomorphic sarcoma. d IGF1
staining in malignant fibrous histiocytoma. e Insulin-like growth
factor 1 receptor a staining in gastrointestinal stromal tumor. f
Insulin-like growth factor 1 receptor b staining in angiosarcoma
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are also important parameters to consider [7, 19]. The
goal of a grading system is primarily to separate tumors of
poor prognosis (high grade) from those of good prognosis
(low grade) [21]. That is, in a three-grade system, the
number of patients in the intermediate grade category,
which corresponds to tumors of intermediate malignancy,
must be as small as possible. In this respect, the FNCLCC
system appears to be more discriminating and efficient
than other scoring systems in the selection of patients
with tumors of high malignant potential who could benefit
from adjuvant therapy [4, 29].

The microcomputer-based color VIA technique for
assessing immunohistochemistry staining provides an
objective quantitative measurement of tissue features
with high sensitivity and specificity. To our knowledge,
expression of IGF mitogenic signals has not been
evaluated in STS using such a quantitative method. There
was good correlation between the color VIA and semi-
quantitative analysis despite expected variations due to
the degree of subjectivity involved when attempting to
incorporate frequency and intensity of staining into a
scoring system. Using both methods, all tumors demon-
strated some expression of IGF1 receptor. This ubiquitous
expression is not surprising, as the normal tissues from
which these tumors are derived also express the receptor
[17]. The increased expression of IGF2 in high-grade
sarcomas suggests that these tumors are capable of IGF-
receptor-mediated proliferation by mechanisms of auto-
crine/paracrine stimulation that are independent of hepat-
ic sources of ligand. However, a more accurate
determination of the bioavailability or bioactivity of
specific IGF1 and IGF2 ligands in sarcomas will require
evaluation of expression of the IGF binding proteins
levels, as well as the protein levels of the IGF ligands [3,
14].

Both semi-quantitative and color VIA revealed signif-
icant differences in the immunohistochemical expression
of IGFBP2, IGF2 and IGF1Rb between clinical groups.
Multiple regression analysis confirmed the significance of
the relationship and independence of the three proteins in
the semi-quantitative assessment. In the color VIA
analysis, the significance of the relationship and inde-
pendence of IGFBP2 and IGF1Rb was confirmed, but
there was no significance for IGF2 expression. This
divergence might be explained by the differences between
the two methods. The independent value of IGF2 requires
further evaluation, using a larger sample size.

These data suggest that IGF mitogenic signals of
autocrine/paracrine regulatory mechanisms might be
responsible for the growth of human sarcomas and that
IGFBP2 and IGF1Rb are independent predictors of their
malignant potential.

As the IGF signals are directly involved in the
perturbation of proliferative and apoptotic pathways of
malignant growth, further examination of the relationship
between the IGF axis and tumorigenic processes will not
only provide new insights into the intracellular mecha-
nisms of cellular growth control, but raise the possibility

of targeting components of the IGF system in cancer
therapy.
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Abstract The human trophoblast has the capacity to
invade maternal tissue in a controlled fashion and to
produce a wide range of hormones. The transcription
factors belonging to the CCAAT/enhancer-binding pro-
tein (C/EBP) family are regulators of intracellular
processes and mediators of hormone action. C/EBP
binding sites have been described in the promoters of
several placenta-expressed target genes. In the present
study, we used immunohistochemistry and Western-blot
analysis to investigate the expression pattern of the three
most important members of this family, C/EBP-a, -b, and
-d, in the normal human placenta as well as in isolated
trophoblast cell populations. We found C/EBP-a and C/
EBP-b expression in the villous syncytiotrophophoblast
(ST) and the extravillous (intermediate) trophoblast
(EVT), but it was absent from the villous cytotrophoblast
(CT). Interestingly, expression of C/EBP-b continued to
be very strong up to the third trimester of pregnancy,
especially in the ST. C/EBP-d showed overall lower
expression levels, stronger only in the EVT, while CT/ST
showed very low/negative expression. These data show
for the first time the expression pattern and tissue

localization of C/EBP factors in the human placenta,
indicating that these factors (especially C/EBP-b) may
play important roles in the regulation of placenta-specific
genes and processes.

Keywords CCAAT/enhancer-binding proteins ·
Trophoblast · Extravillous trophoblast · Placenta ·
Maternal–fetal interface

Introduction

The trophoblast is the first cell type to differentiate in the
mammalian conceptus, and its normal development and
specific properties are crucial for both implantation and
further survival of the embryo. Furthermore, the tropho-
blast is unique in its ability to proliferate and invade
another tissue in a controlled fashion and is, thus, a very
interesting model for the study of molecular mechanisms
involved in these processes and for differentiating them
from those implicated in tumor progression [2].

The CCAAT/enhancer-binding proteins (C/EBP) are a
family of transcription factors acting as basic region/
leucine zipper DNA-binding proteins [9]. So far, six
members of the C/EBP family of transcription factors
have been described: C/EBP-a, -b, -d, -e, -g and -z [10].
C/EBP-a, -b, -d and -z are found in liver, adipose tissue,
intestine, lung, reproductive tissues and cells of the
inflammatory system, while C/EBP-e is mostly restricted
to myeloid lineages [6, 8, 10, 11, 12].

The transcription factors belonging to the C/EBP
family are important regulators of intracellular processes
and mediators of hormone action, and binding sites for
these factors have been described in the promoters of
several placenta-expressed target genes. However, their
specific expression pattern in the human placenta has not
been studied thus far. In the present study, we, therefore,
used immunohistochemistry, employing isoform-specific
antibodies, to investigate the expression pattern of the
three most important members of this family, i.e., C/EBP-
a, -b and -d, in cellular populations of the normal human
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placenta throughout gestation. Furthermore, Western-blot
analysis was performed to analyze their expression in
isolated populations of trophoblast cells in primary
culture.

Materials and methods

Tissue collection

The tissue material was selected following histological review from
the files of the Department of Gynecopathology, University
Hospital Hamburg-Eppendorf. For immunohistochemistry, speci-
mens that had been routinely fixed in 4% buffered formalin and
embedded in paraffin were used. A total of 45 samples were
analyzed, including 22 first trimester, 12 second trimester and 11
third trimester placentas.

Immunohistochemistry

Serial sections of 4–6 �m were cut from paraffin blocks and
mounted on 3-aminopropyltriethoxysilane-coated slides, deparaf-
finized in xylene and rehydrated in graded alcohol to TBS (50 mM
Tris, 150 mM NaCl, pH 7.4). The slides were microwaved for
4�5 min in 10 mM citrate, pH 6.0. After cooling down for 20 min,
the slides were washed in TBS, blocked for 30 min at room
temperature with normal serum (rabbit IgG, ABC Kit, Vector
Laboratories), diluted 1:20 in TBS and then incubated overnight at
4�C with specific C/EBP antibodies (C/EBP-a 1:400, C/EBP-b and
-d 1:200; all antibodies from Santa Cruz). For immunohistochem-
ical characterization of intermediate trophoblast, slides were
additionally incubated, when necessary, with anti-cytokeratin
monoclonal antibody (Dako) diluted 1:50 in TBS. Slides were
then reacted with biotin-labeled anti-mouse or anti-rabbit immu-
noglobulin, incubated with preformed avidin-biotin complex
(Vectastain, Vector Laboratories, Burlingame, CA) and detected
with 3,3’diaminobenzidine-substrate kit (Vectastain). The slides
were counterstained with hemalaun and mounted with glycerine/
gelatine.

Isolation of invasive and non-invasive trophoblast populations

Cultures of first trimester invasive and non-invasive trophoblast
populations were established and characterized as previously
described by Aboagye-Mathiesen [1]. Briefly, eight to ten placentae
(5–12 weeks) obtained after legal termination of pregnancy were
washed in sterile phosphate buffered saline (s-PBS), and areas rich
in chorionic villi were selected, minced between scalpel blades and
subjected to three sequential 10 min treatments with 0.125% trypsin
and 0.2 mg/ml DNAse I (Boehringer Mannheim, Germany) in s-
PBS containing 5 mM MgCl2. Cells released from each 10-min step
were pooled and filtered through two layers of muslin, re-
suspended in 70% percoll (Pharmacia, Uppsala, Sweden) at a
density of 2�105 cells/ml and put under 20 ml of 25% percoll. Ten
milliliters of s-PBS were put on top of the 25%-percoll, and a
gradient was established by centrifugation for 20 min at 800�g.
Cells from the middle band (density 1.048–1.062 g/ml) of the
gradient were pooled, washed in s-PBS and seeded at a density of
1�106 cells/ml of keratinocyte growth medium (KGM) supple-
mented with 10% fetal calf serum. Cells were identified as
trophoblast using immunocytochemical staining with monoclonal
antibodies to cytokeratin (Dako-CK, MNF 116 and 35BH11,
1:100). Their functional ability to produce hormones and the 92-
and 72-kDa gelatinases has been described [1]. Cytotrophoblast
(CT) was discriminated from syncytiotrophoblast (ST) by morpho-
logical criteria (multiple nuclei), with almost complete syncytial-
ization after 72 h in culture. The invasive characteristics of the
extravillous trophoblast (EVT) cells were determined using an in

vitro matrigel invasion assay as described [1, 7], using transwells
with a polycarbonate filter of 2.5 cm diameter and 8-�m pore size.
The upper surface of the filter was coated with Matrigel (Collab-
orative Research, Bedford, MA; dilution 1:20 with KGM). The
bottom chamber was filled with 3 ml of KGM containing 10% fetal
calf serum. After 72 h of incubation, the cells from the lower wells
were harvested and used for Western-blot analysis.

Western-blot analysis

Extraction of proteins from villous and EVT cells was carried out in
PBS in the presence of 1 % NP40 and protease inhibitors as
previously described [3]. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis was performed in a 7.5% polyacrylamide gel
under reducing conditions, applying 50 �g of each sample of the
concentrated protein extract. After electrophoretic transfer to
nitrocellulose and blocking in TBS containing 5% bovine serum
albumin for 2 h, C/EBP specific antibodies (same as used for
immunohistochemistry) were added (dilution 1:1000) and incubat-
ed overnight at 4 C. Detection was carried out with peroxidase.

Results

C/EBP-a

As shown in Fig. 1, C/EBP-a is expressed in the ST (A)
and EVT (B), but not the CT. This is confirmed by
Western-blot analysis on isolated primary trophoblast
cells (Fig. 2A), showing bands for C/EBP-a in ST and
EVT, but not CT. Two isoforms are present, the full-
length 42 kDa and the truncated 30-kDa protein.

C/EBP-b

Of all three investigated factors, C/EBP-b showed the
highest expression levels. As shown in Fig. 1, C/EBP-b is
strongly expressed in villous ST and negative in CT (C).
It is also strongly expressed in EVT (D, E). As shown in
panel F, strong expression of C/EBP-b can be observed in
samples of third trimester placenta (this was not the case
with C/EBP-a and -d, which were negative in third
trimester). Western-blot analysis of isolated trophoblast
cell populations confirmed the very strong expression
levels in the EVT (two different samples shown) and ST,
while CT cells were negative (two different samples
shown). In both EVT and ST, two isoforms were present,
a larger band (approximately 36 kDa) corresponding to
the activating molecule liver-enriched activatory protein
(LAP) and a smaller band (approximately 20 kDa)
corresponding to the dominant inhibitory truncated
liver-enriched inhibitory protein (LIP) (Fig. 2B).

C/EBP-d

As shown in Fig. 1, panels G and H, C/EBP-d had low
expression levels and was barely detectable in villous CT/
ST. Somewhat stronger expression could only be ob-

150



Fig. 1 Immunohistochemical localization of CCAAT/enhancer-binding proteins (C/EBPs) in the human placenta. A, B C/EBP-a. C, D, E,
F C/EBP-b. G, H C/EBP-d

Fig. 2 Western-blot analysis of CCAAT/enhancer-binding protein
(C/EBP) expression in isolated trophoblast cell populations. A C/
EBP-a. B C/EBP-b. C C/EBP-d. EVT extravillous trophoblast,

SYNC syncytiotrophoblast, CYTO cytotrophoblast, ENDO endome-
trium, J JEG-3 trophoblast cell line
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served in EVT. This result was confirmed by the Western-
blot analysis performed on isolated cells (Fig. 2C).

Discussion

In this study, we investigated for the first time the exact
cellular expression pattern of the three most important
members of the C/EBP family, i.e., C/EBP-a, -b and –d,
in the different cell types of the human placenta, both in
vivo and in vitro, using immunohistochemistry on paraf-
fin sections and Western-blot analysis of isolated tropho-
blast cell populations in primary culture, respectively. We
demonstrated that all three factors are expressed in the
EVT, which has the capacity to proliferate and invade the
maternal tissue in a tightly controlled manner. Thus, C/
EBP factors, most importantly C/EBP-b, which had the
highest expression levels, are probably implicated in
regulating these processes. In addition, C/EBP-a and -b
are expressed in the villous ST, which is an important
source of placental hormones.

C/EBP proteins harbor an activation domain, a DNA-
binding basic region and a leucine-rich dimerization
domain. The dimerization domain is termed “leucine
zipper” and contains a heptad of leucine repeats that
intercalate with repeats of the dimer partner [10]. C/EBP
proteins can dimerize with other C/EBP family members
as well as with transcription factors of the NF-kB and Fos/
Jun families, and dimerization is a prerequisite to DNA
binding [10]. Furthermore, at least two isoforms have
been described for both C/EBP-a and C/EBP-b. For C/
EBP-a, the full-length protein has 42 kDa and contains
three transactivation domains; the shorter 30-kDa protein
(starting 351 nucleotides downstream of the first AUG)
retains the dimerization and DNA-binding domains, but
possesses an altered transactivation potential [10]. C/
EBP-b has two isoforms as well, a full-length protein
termed LAP (32 kDa) and a truncated form, LIP (20 kDa),
which lacks the transactivation domain and can act as a
dominant inhibitor [10]. Thus, specificity of gene control
by C/EBP transcription factors depends both on the
homo- or heterodimerization partner, as well as the
specific cellular expression pattern of each factor and its
isoforms.

One of the potential target genes for C/EBP factors in
the human placenta is the human aromatase cytochrome P

450 gene (CYP19), for which binding of C/EBP-b (LAP)
has been described [13]. Furthermore, C/EBP factors (and
especially C/EBP-b) have been shown to stimulate
promoter activity of pregnancy-specific glycoproteins,
proteins primarily expressed in the placenta, which
become the major glycoproteins at term [4]. This
stimulation was later shown by Notch to be enhanced [5].

Thus, the C/EBP factors, and especially C/EBPb, are
expressed in the human placenta and participate in the
regulation of placental-specific genes.
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Abstract The spread of tumor cells via lymphatic vessels
to the lymph nodes is an important indicator of malig-
nancy. However, previous markers used to identify
lymphatic endothelium gave ambiguous results in immu-
nohistochemical analyses with paraffin-embedded tissues.
In this study, we attempted to prepare a polyclonal
antibody against human lymphatic vessel endothelial
hyaluronan receptor-1 (LYVE-1) for detecting lymphatic
vessels using immunohistochemistry. The antibody was
raised against a region near the transmembrane anchor of
LYVE-1 in New Zealand white rabbits. Immunostainings
with anti-LYVE-1 and von Willebrand factor antibodies
were performed in various normal and pathological
tissues. LYVE-1 expression was confined to the endo-
thelial surface of lymphatic vessels but was not found in
the endothelium of blood vessels, which were positive for
von Willebrand factor. Our LYVE-1 polyclonal antibody
was useful for the identification of small lymphatic
vessels in normal human tissues. In addition, the immu-
nostaining enabled us to distinguish lymphatic invasion
by malignant tumor cells from blood vessel invasion

using paraffin-embedded sections. In conclusion, our
polyclonal antibody against the transmembrane anchor of
the peptide can be used to detect human lymphatic vessels
under various conditions.

Keywords LYVE-1 · von Willebrand factor · Lymphatic
endothelial cell · Hyaluronan receptor ·
Immunohistochemistry

Introduction

The lymphatics are a significant element of the immune
system, which form a network of specialized depots
(lymph nodes) and are an important conduit for tumor
cells. Indeed, the invasion of peritumor lymphatics is
considered an indication of a poor prognosis in patients
with malignant tumors [10]. However, it is difficult to
identify small lymphatics invaded by malignant cells
using immunohistochemistry due to a lack of histological,
ultrastructural, or immunohistochemical markers for the
accurate differentiation of vascular endothelial cells from
lymphatic endothelial cells [1, 3, 9, 16, 18]. In 1998, it
was reported that human vascular endothelial growth
factor receptor-3 (VEGFR-3) was specifically expressed
at the surface of lymphatic endothelial cells [11], though
subsequent studies have found that VEGFR-3 also reacted
with the endothelial cells of vascular capillaries [15, 20,
23]. In recent reports, other specific proteins of lymphatic
endothelial cells have been identified, including lymphat-
ic vessel endothelial hyaluronan receptor-1 (LYVE-1) [1],
podoplanin [2], prox-1 [21], desmoplakin [5], D6 [14], the
mannose receptor [7], and D2–40 [12]. Immunohisto-
chemical detection of the lymphatic vessels using
antibodies against these peptides was possible in some
tissues, but difficult in most of the normal or pathological
tissues.

Of these specific proteins existing in the lymphatic
endothelial cells, we noted that LYVE-1 is a powerful
marker of lymphatic structure and function. LYVE-1 is a
322-amino acid type-I integral membrane glycoprotein,
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which has 41% similarity to the CD44 hyaluronan
receptor [1]. The lymphatics play a vital role in hyaluro-
nan homeostasis; thus, LYVE-1 is specifically expressed
in the lymphatic capillaries and small lymphatic vessels in
various tissues [8]. LYVE-1 is also present in the
sinusoidal endothelium of liver and spleen and in the
other cells where hyaluronan is incorporated and degrad-
ed; however, it has not been detected in blood vascular
endothelium [8]. In this study, we attempted to prepare a
polyclonal antibody (pAb) against part of the LYVE-1
peptide to immunohistochemically detect lymphatic ves-
sels and applied it to the identification of small lymphatic
vessels in various normal tissues as well as lymphatic
invasion by malignant tumors using immunohistochem-
istry.

Materials and methods

Preparation of affinity purified anti-LYVE-1 antibody

Using New Zealand White rabbits, antisera were raised against the
13-mer peptide (SKKTDKNPEESKC) corresponding to amino
acids 297–308 of the LYVE-1 sequence, the area of which has a
cytoplasmic tail, near the transmembrane anchor, and a hydrophilic
area [1]. The peptide was then coupled with a combination of
keyhole limpet hemocyanin and m-maleimidobenzoyl-N-hydroxy-
succinimide ester. For the production of polyclonal antisera, the
peptide conjugate (0.5 mg) was mixed with an equal volume of
Freund’s complete adjuvant and injected into two rabbits at several
subcutaneous sites, with three subsequent boosts in incomplete
adjuvant at intervals of 2 weeks. Sera were then tested for reactivity
with dot-blotting methods.

Antibodies reactive with the human IgG portion of the
immunizing antigen were depleted by preabsorption on an affinity
column. For affinity purification of the antibody, the peptide was
coupled to Affi-Gel 10 (BioRad, Hercules, CA, USA) following the
manufacturer’s instructions with a slight modification. The anti-
body was eluted with 0.1 M glycine/HCl, pH 1.7.

The specificity of the anti-LYVE-1 antibody was ascertained as
follows. Full-length LYVE-1 cDNA was prepared using reverse-
transcription polymerase chain reaction (RT-PCR). Conventional
PCR was performed using the cDNA of normal spleen tissue
together with the PCR mix and the following primers: LYVE-1f
(sense: GGATCCTGGGTAGGCACGATGGCCAGGTGCTTCA-
GCCTGGTG; codon 79–111) and LYVE-1r (anti-sense: GCGGC-
CGCCTAAACTTCAGCTTCCAGGCATCG; codon 1037–1059).
A 50-cycle reaction was carried out as follows: 94�C for 30 s; 58�C
for 30 s; 72�C for 30 s. The amplified PCR product was cloned into
pGEM-T vector (Promega, Madison, WI). The identity of the
cDNA fragment was confirmed by sequencing. cDNA of LYVE-1
was subcloned into the expression vector pDON-AI DNA (Takara,
Kyoto, Japan). The pDON-AI-LYVE-1 construct and wild-type
vector were transiently transfected with COS 7 cells using
Lipofectamin 2000 reagent (Invitrogen, Groningen, Netherlands).
After 24 h of transfection, the cells were lysed in sodium dodecyl
sulfate (SDS)-sample buffer. The lysates were separated by SDS-
polyacrylamide gel electrophoresis and transferred to a polyvinyl
difluoride filter. Western blotting was used to check the specificity.
Furthermore, an inhibition experiment was conducted in which
2 mg of rabbit antibody was added to 10 mg of 13-mer LYVE-1
polypeptide. The transfer filter was incubated with antibodies and
visualized with horseradish peroxidase-linked anti-rabbit immuno-
globulins using a chemiluminescence system (Amersham Bio-
science UK, Little Chalfont, UK).

Immunohistochemistry

For immunohistochemistry, normal and pathological human tissues
were obtained from autopsy and surgical cases at Omori Hospital,
School of Medicine, Toho University, Tokyo. Written informed
consent to use the tissues was provided by the patients’ relatives.
The tissues were fixed with 10% neutral-buffered formalin
(pH 7.2). The fixed tissues were embedded in paraffin, and serial
sections were made to compare the localization of LYVE-1
expression with that of von Willebrand factor (vWF) expression.

Sections were dewaxed, dehydrated, and pretreated with Target
Retrieval Solution (Dako) at 95�C for 20 min. After a wash in Tris-
buffered saline (TBS), they were treated with 3% H2O2 for 10 min
and then 3% non-fat dry milk in TBS with Tween20 for 30 min.
They were incubated with LYVE-1pAb (diluted; 1:200) for 60 min
at room temperature. The methods of immunostaining for vWF
were the same as above.

For the conventional formalin-fixed paraffin-embedded tissue,
prior to the immunostaining procedures, we treated the dehydrated
slides with 40 mg/ml of proteinase K (Dako, CA, USA) per
milliliters for 5 min at room temperature and a 10 mM citrate buffer
solution (pH 6.0) for 10 min at 95�C. After a wash in TBS, they
were treated with 3% H2O2 and then 3% non-fat dry milk and
incubated with LYVE-1pAb (1:400) for one night at 4�C.

For all slides, a wash in TBS was followed by treatment with
peroxidase-labeled polymer conjugated to goat anti-rabbit or anti-
mouse immunoglobulins (Envision+ kit; Dako) for 30 min at room
temperature. The immunostaining was visualized with diamino-
benzidine tetrahydrochloride and then counterstained with hema-
toxylin.

Results

Western blotting for LYVE-1was performed using the
protein extracted from full-length LYVE-1-transfected
COS 7 cells as the respective antigen. An approximate
45 kDa band was detected, which was absent from mock-
transfected cells. Absorption tests showed that LYVE-1
was recognized by the antiserum, and the reaction was
completely abolished by preabsorption procedures
(Fig. 1). These results demonstrated the strict specificity
of our anti-LYVE-1 rabbit pAb for LYVE-1 protein.

To confirm the identification of the LYVE-1 molecule,
COS 7 cells were transfected with full-length LYVE-1

Fig. 1 Full-length lymphatic vessel endothelial hyaluronan recep-
tor-1 (LYVE-1)-transfected COS 7 cells and mock-transfected cells
were electrophoresed and Western blotted with antipeptide LYVE-
1 polyclonal antibody. An approximate 45-kDa band was detected
in LYVE-1-transfected cells, but not mock-transfected cells. It was
absent in absorption tests
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Fig. 2 Immunohistochemistry of lymphatic vessel endothelial
hyaluronan receptor-1 (LYVE-1) polyclonal antibody (pAb). Black
arrows indicate the lymphatic vessels positive for LYVE-1 and
green arrowheads the blood vessels positive for von Willebrand
factor (vWF). LYVE-1 is expressed extensively at the surface and
mildly in the cytoplasm of full-length LYVE-1-transfected COS 7
cell (a). b–d Serial sections of gastric tissue (b hematoxylin and
eosin stain, c LYVE-1, d vWf). A lymphatic vessel is positive for
LYVE-1 (c), and blood vessels are positive for vWF (d). In the
esophagus (e), colon (f, g), heart (h), lung (i), kidney (j), prostate
(k), ovary (l), and pancreas (m), lymphatic endothelial cells are
positive for LYVE-1. LYVE-1 is also found at the endothelial

surface of the hepatic sinusoid (n, o), splenic sinusoid (p) and
lymphatic sinus as well as in reticular cells (q). In serial sections of
the esophageal lymphatic invaded by squamous cell carcinoma (r–
t) and lung invaded by adenocarcinoma (u, v), the tumor is
recognized in a LYVE-1-positive vessel (r, s, u LYVE-1, t, v
vWF). In serial sections of cardiac angiosarcoma, immunostaining
for LYVE-1 and vWF demonstrates the invasion by vWF-positive
tumor cells of the LYVE-1-positive vessels (w) and vWF-positive
vessels (x), respectively. Brown granules in the stroma are
hemosiderin deposits degraded by tumor hemorrhage (w, x).
Magnification: a �550; g, s �350; o �300; j, u, v �250; w, x
�225; k, p �185; b–d, f, l, m, q �130; h, i, n, r, t �110, e �50
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cDNA and immunostained with polyclonal LYVE-1
antibody. LYVE-1 was expressed intensely on the cell
surface and mildly in the cytoplasm (Fig. 2a).

The results of immunohistochemistry using our
LYVE-1 pAb in normal human tissues are shown in
Fig. 2b, c, d, e, f, g, h, i, j, k, l, m, n , o, p, q). In the
gastrointestinal walls, esophagus, and colon, LYVE-1 was
detected at the endothelial surface of the small vessels
(Fig. 2b, c, d, e, f, g). The small vessels constituted with
LYVE-1-positive endothelial cells were of irregular shape
without a thick walled structure and had no red blood
cells in their lumens. These vessels were distributed in all
layers of the gastrointestinal and esophageal walls. From
the morphological characteristics and the distribution
patterns of the LYVE-1-positive vessels, our LYVE-1
pAb consistently marked the endothelial cells of the
lymphatic vessels. Vessels with LYVE-1-positive endo-
thelium were also detected in the stroma of the heart
(Fig. 2h), lung (Fig. 2i), kidney (Fig. 2j), prostate
(Fig. 2k), testis, ovary (Fig. 2l), skin, tongue, urinary
bladder, thyroid gland, and pancreas (Fig. 2m). In these
organs, LYVE-1-positive vessels were abundant in the
connective tissues around the arteries, arterioles, veins,
and veinlets. In contrast, vWF immunostaining was
positive in the endothelium of the vessels having a
distinct and thick walled structure, which were morpho-
logically consistent with small arteries or veins. However,
vWF was only sporadically or weakly positive in the
endothelium of LYVE-1-positive vessels, indicating
lymphatic vessels. In the liver, spleen, and adrenal gland,
LYVE-1 was expressed on the endothelial surface of the
hepatic sinusoid (Fig. 2n, o), splenic sinus (Fig. 2p), and
intraglandular capillaries of the adrenal gland, and the
stromal area also had LYVE-1-positive vessels. In the
lymph nodes, LYVE-1 was found on the endothelial cells
of the lymphatic sinus and in reticular cells (Fig. 2q). In
all organs examined, LYVE-1 was not seen in endothelial
cells of the vessels having a distinct and thick walled
structure.

LYVE-1 expression patterns in carcinoma of the
esophagus and lung and cardiac angiosarcoma are shown
in Fig. 2r, s, t, u, v, w, x. There were only a few LYVE-1-
positive endothelial cells in the malignant tissues, but
many in the interstitium around the tumors. Vessels
encircled by a LYVE-1-positive-endothelium containing
tumor emboli in their lumens were observed around the
tumor, but the intensity of LYVE-1 expression was weak
compared with that in the endothelium without tumor
invasion. In the cardiac angiosarcoma, vWF-positive
tumor cells invaded the LYVE-1-positive vessels.

As for the conventional formalin-fixed paraffin-em-
bedded tissue, staining results for LYVE-1 in all the
organs examined were similar to those in tissue fixed in
10% neutral-buffered formalin. The specificity of the
staining was enhanced, and the non-specific reaction was
much suppressed by the pretreatment with Pronase K and
citrate buffer solution.

Discussion

It has, thus far, been difficult to distinguish between small
lymphatic vessels and blood capillaries using light
microscopy, as there has been no useful marker specif-
ically identifying the lymphatic vessels in various organs
using immunohistochemistry [1, 3, 9, 16, 18]. Therefore,
the identification of lymphatic vessels has depended
exclusively on two morphological findings; no or little
basement membrane and a lack of erythrocytes in lumens.
In 1999, Banerji et al. identified the human LYVE-1
molecule as a major receptor of hyaluronan at the surface
of the lymphatic endothelium [1]. In the present study, we
prepared a pAb against part of the cytoplasmic tail of the
LYVE-1 peptide [1]. Immunohistochemistry showed that
affinity-purified antipeptide LYVE-1 pAb is a useful
antibody for the immunohistochemical identification of
the lymphatic endothelium in normal and pathological
human tissues. Lymphatic capillaries consist of thin
endothelial cells, the nuclei of which bulge into the
lumen, and have a partial external basal lamina. In our
study, the LYVE-1 molecule was identified as an integral
membrane glycoprotein, thus, the expression of LYVE-1
pAb is intense at the endothelial surface in lymphatic
capillaries and small lymphatic vessels.

VWF was intensely expressed in the endothelial cells
of small arteries and veins. However, in serial sections,
LYVE-1 was not detected at the endothelial surface of
these vWF-positive vessels. vWF is present in Weibel-
Palade bodies, which are abundant in the endothelial cells
of blood vessels and may be present in the endothelial
cells of lymphatic capillaries [17, 18]. Our immunohis-
tochemical results indicate that antipeptide LYVE-1 pAb
does not react with the endothelial cells of small blood
vessels. In addition, the distribution of LYVE-1-positive
capillaries was consistently different from that of vWF-
positive capillaries in human organs, except for the liver,
spleen, and adrenal gland, as previously reported for the
liver and spleen [6, 13]. These findings suggest that the
LYVE-1 pAb specifically reacts only with endothelial
cells of the lymphatic vessels in human tissues other than
organs with a sinus or sinusoidal structure. LYVE-1 is
expressed in the sinusoidal endothelium at the sites where
high molecular weight hyaluronan is incorporated and
degraded [8, 13].

The cells immunopositive for our LYVE-1 antiserum
were partly different from those positive for the polyclo-
nal antiserum against human full-length LYVE-1 Fc
fusion protein reported by Banerji et al. [1]. They
described that zona reticularis cells in the adrenal gland,
exocrine cells/islets of Langerhans in the pancreas, and
tubular cuboidal epithelium in the kidney were positive
for the full-length LYVE-1 antiserum. In addition, their
LYVE-1 antiserum did not react with the stromal vessels,
including lymphatic vessels in the prostate, ovary, testis,
lung, and heart. In contrast, our LYVE-1 pAb could
identify the stromal lymphatic vessels in the heart and
urogenital tissues, but did not react with the parenchymal
cells of the adrenal gland, pancreas, and kidney. It is
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considered that our affinity-purified pAb against the
hydrophilic area in the cytoplasmic tail of LYVE-1 has a
higher specificity for lymphatic endothelial cells than the
LYVE-1 pAb against full-length LYVE-1 Fc fusion
protein.

In the malignant tissues examined, the intensity of
LYVE-1 expression was partly weaker in the lymphatic
vessels invaded by the malignant cells than those not
invaded. It is suggested that the LYVE-1 expression at the
endothelial surface of the lymphatic vessels is disturbed
by the contact with malignant cells. Recently, lymphatic
invasion and lymphangiogenesis were demonstrated in
malignant tissues by immunostaining for full-length-
LYVE-1 antiserum [4, 19, 22]. However, the LYVE-1
pAb raised in the present study consistently gave much
better staining results for identifying human small lym-
phatic vessels under various conditions.
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Abstract Fascin, a 55-kDa actin-bundling protein, and a-
smooth muscle actin (ASMA) were immunohistochemi-
cally examined in murine normal and stimulated lymph
nodes. In specific pathogen-free young female mice, a
few fascin-positive cells (FPCs) were located in the sinus
and surrounding tissues, but ASMA-positive cells were
undetectable. Following a subcutaneous injection of sheep
red blood cells, the numbers of FPCs and their dendrites
increased in the paracortex, with the accumulation of
activated lymphocytes. Fibroblastic reticulum cells
(FRCs), endothelial cells, histiocytic cells and lympho-
cytes in various stages of maturation were all fascin
negative. These results indicated that fascin could be a
reliable marker of paracortical dendritic cells in murine
lymph nodes. However, FRCs became ASMA positive.
Immunoelectron microscopy showed that the FPCs were
interdigitating cells and that they closely contacted with
FRCs. These two types of cells and reticular fiber formed
a network in the paracortex and contacted with each other.
In active paracortical response, both FPCs and FRCs are
also stimulated and might play a significant role in the
maturation of the lymphocytes.

Keywords Dendritic cells · Fascin · Fibroblastic
reticulum cells · a-Smooth muscle actin · Murine lymph
node

Introduction

Interdigitating cells (IDCs) are one of typical elements of
paracortex and a subset of dendritic cells (DCs). DCs are
professional antigen-presenting cells that are involved in
initiating primary immunoresponses [21]. They are het-
erogeneous with regard to their origin and maturation
states and are variously termed according to the organ,
surface markers and morphology. Consensus states that
DCs originate from a hematopoietic progenitor and have
myeloid and lymphoid pathways of differentiation [3].
DCs distributed throughout the body (except for the brain)
are also called Langerhans cells, dermal dendritic cells,
interstitial dendritic cells and veiled cells. Lymphoid
organs contain interdigitating cells, germinal center
dendritic cells and follicular dendritic cells (FDCs) [5,
9]. However, FDCs differ from ordinary DCs, as they can
trap antigen, their origin is controversial, they lack the
leukocyte marker CD45, and a unique set of molecules is
displayed at their surface [12]. Peripheral tissue DCs
capture and process antigens and display antigen peptides
with major histocompatibility complex (MHC)-peptide
complexes and co-stimulatory molecules at their surface
[6, 10]. They simultaneously migrate to regional lymph
nodes, where they contact and activate antigen-specific T
cells [4, 11, 16]. Although IDCs are so described from the
results of electron microscopy and remain unclear, all
mature DCs in the T-cell area of lymph nodes are thought
to be interdigitating cells [5].

Fascin, a novel marker of DCs [2], is a 55-kDa, actin-
bundling protein that regulates the rearrangement of
cytoskeletal elements, as well as the interaction between
the cytoskeleton and the cell membrane in response to
extra- or intracellular signals [22, 27]. The expression of
fascin might be associated with dendrite formation [26].
Furthermore, the paracortex has other structural elements,
namely post-capillary venules and reticular framework.
Fibroblastic reticulum cells (FRCs) produce reticular
fibers and build a reticular framework in the lymph nodes.
The activity of FRCs, producing these extracellular
matrices, was revealed by immunoreactivity for a-smooth
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muscle actin (ASMA) [25]. We investigated changes in
fascin- and ASMA-positive cells in murine lymph nodes
stimulated by an injection of sheep red blood cells.

Materials and methods

Mice

Specific pathogen-free BALB/c female mice (4–5 weeks old)
(Japan SLC, Hamamatsu, Japan) were separately housed with free
access to food and water in an atmosphere of high-efficiency
particulate air-filtered air. All experiments proceeded according to
the ethics guidelines of our institution.

Stimulation

Sheep red blood cells (0.1 ml) were injected into the subcutaneous
tissue of the upper part of the front paw, and, then, regional axillary
lymph nodes were resected 1, 2, 3, 5 and 7 days later.

Light microscopy

Formalin-fixed paraffin-embedded lymph node tissue sections,
4 mm in thickness, were stained with hematoxylin and eosin for
immunohistochemistry. Fascin was immunohistochemically stained
using the streptavidin-biotin peroxidase complex (Histofine SAB-
PO kit, Nichirei Inc., Tokyo, Japan). A monoclonal antibody to
fascin (Clone 55K-2 Dako, Glostrup, Denmark) diluted 1:50 was
the primary antibody. Antigen was retrieved from the sections by
microwave heating in citrate buffer (pH 6.0). We immunohisto-
chemically stained ASMA using enhanced polymer one-step
ASMA (clone 1A4, Dako, Glostrup, Denmark).

We double stained frozen sections of stimulated lymph nodes
for MHC class II/fascin. We analyzed MHC class-II expression
using an unlabeled anti-MHC II antibody (clone IBL-5/22,
Neomarkers, Westinghouse, USA), anti-rat IgG antibody labeled
with biotin (Dako, Glostrup, Denmark) and Texas red streptavidin
(Vector Lab Inc., Burlingame, USA). Anti-fascin antibody was
labeled with Alexa fluor 488 using Zenon antibody labeling kit
(Molecular probe, Eugene, OR, USA), following the instructions.

Fig. 1 Immunohistochemical staining for fascin (a, b and c) and a-
smooth muscle actin (ASMA) (d). a Non-stimulated lymph node
has incomplete structure. A few fascin-positive cells (FPCs) are
located in peripheral sinus (arrowhead). b Lymphoid follicle (F)
and paracortex (P) are differentiated 1 day after injection. Number
of FPCs has increased, and they are distributed mainly adjacent to

the sinus (S). c FPCs are distributed throughout the paracortex
2 days after injection. Large lymphocytes are seen between FPCs
and their dendrites. d ASMA-positive stains, indicating myofibrob-
lastic-transformed fibroblastic reticulum cells, are scattered in
paracortex 5 days after injection. PCV post capillary venule
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Electron microscopy

Tissues were fixed in 2.5% glutaraldehyde, post-fixed in 1%
osmium tetroxide and embedded in epoxy resin for electron
microscopy. We examined enlarged regional lymph nodes using
immunoelectron microscopy 7 days after injection. Primary anti-
bodies for fascin and ASMA were the same as those described
above and applied as described [8]. Briefly, microslices fixed with
periodate-lysine-paraformaldehyde were incubated with antibodies
for fascin and ASMA and then stained using avidin-biotin-
peroxidase complex and visualized using 3,30-diaminobenzidine
tetrahydrochloride. Ultrathin sections were examined using an
electron microscope (JEOL 100S and 1200EX, JEOL Ltd., Japan).

Results

Light microscopy

Small axillary lymph nodes of control mice contained
only primary follicles, immature paracortical areas and
sinuses. Germinal centers were absent and the reticular
framework was indistinct. A few fascin-positive cells
(FPCs) populated the peripheral sinus and interfollicular
areas (Fig. 1a). The paracortex became evident and some
FPCs with dendritic processes appeared around the
sinuses 1 day after injection (Fig. 1b). FPCs became
scattered in a gradually expanded paracortex, and fascin-
positive cell processes extended between lymphocytes.
The numbers of large lymphocytes increased between
FPCs and their dendrites (Fig. 1c). Germinal centers
containing no FPCs were formed after 5 days, although
the number of FPCs and their fascin-positive dendrites
increased throughout the paracortex. After 7 days, lymph
nodes were more enlarged, but were not significantly
larger than those after 5 days. Lymphocytes, histiocytes
and endothelial cells were negative for fascin. Fibroblas-
tic cells, including FRCs, are difficult to differentiate
from DCs using light microscopy. Follicular dendritic

cells and tingible body macrophages were also negative
for fascin.

Cells were ASMA-positive only in the subcapsular and
perivascular areas of control lymph nodes, but not
identified in the lymphoid tissue. However, a few
ASMA-positive spindle cells appeared in the paracortex
and medulla 2 days after injection, and they gradually
increased in number (Fig. 1d).

Fluorescence microscopy showed that MHC II-posi-
tive cells had numerous dendrites, most of which were
also positive for fascin. However, some dendrites were
positive only for fascin or MHC II (Fig. 2).

Fig. 2 Fluorescence micrograph of paracortex of lymph node.
Major histocompatibility complex II-positive (red fluorescence)
cells are also stained for fascin (green fluorescence) 5 days after
injection

Fig. 3 Electron micrograph of
non-stimulated lymph nodes.
Indistinct framework of fibro-
blastic cells and reticular fibers.
DC dendritic cell, FRC fibro-
blastic reticulum cell, PCV
post-capillary venule (�2000)
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Electron microscopy

The paracortex was recognized with the post-capillary
venules. The DCs had irregularly shaped nuclei. The
chromatin pattern was delicate, and nucleoli were incon-
spicuous. The cytoplasm had few organelles and indis-
tinct dendrites. The FRCs of control mice were short and
spindle shaped. Their nuclei were oval or spindle shaped,
and nuclear contour was comparatively smooth. Although
the cytoplasm contained rough endoplasmic reticulum
and microfilaments, they were not distinct. The frame-
work of the collagen fibers was obscure (Fig. 3). After
stimulation, the reticular framework of collagen fibers
increased, and FRCs became spindle shaped or stellate.

Some FRCs had parallel microfilaments with a dense
body, indicating that they had undergone myofibroblastic
transformation (Fig. 4). DCs also became prominent,
frequently with irregular dendrites.

Immunoelectron microscopy identified fascin-positive
cells and their dendrites located between lymphocytes.
Because FPCs had large irregular-shaped nuclei and
dendrites, they morphologically resembled interdigitating
cells. Some lymphocytes were in close contact with the
FPCs. Spindle-shaped FRCs were negative for fascin and
associated with collagen fibers, although FPCs and FRCs
were frequently in contact. Lymphocytes, histiocytes and
endothelial cells were negative for fascin (Fig. 5).

Fig. 4 Electron micrograph of
lymph node of 5 days after
injection. Fibroblastic reticulum
cells are spindle shaped and, in
the periphery of cytoplasm,
contain bundled filaments with
dense bodies (arrowhead) as-
sociated with collagen fibers.
FRC fibroblastic reticulum cell
(�15,000)

Fig. 5 Immunoelectron micro-
photograph for fascin of lymph
node of 7 days after injection.
Obvious electron-dense struc-
tures are fascin-positive cells
(FPCs) and dendrites with
slightly convoluted nuclei.
Lymphocytes and fibroblastic
reticulum cells (FRCs) are neg-
ative for fascin. FPCs and FRCs
are in contact and some lym-
phocytes have protruded into
FPCs (�6000)
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Discussion

In this study, axillary lymph nodes in untreated young
mice had an incomplete reticular network and contained
few FPCs. After stimulation by a subcutaneous injection
of sheep red blood cells, numbers of FPCs and their
dendrites increased. In human tissue, fascin is expressed
not only in dendritic cells, but also in various types of
cells, such as fibroblasts, neurons, glial cells, endothelial
cells and Epstein-Barr virus-transfected B cells and
Hodgkin’s cells [14, 15, 18, 19]. The present study of
murine lymph nodes found that follicular dendritic cells,
endothelial cells and lymphocytes were negative for
fascin. The morphology and distribution pattern of FPCs
suggested that FPCs are interdigitating cells. Double
immunofluorescence staining for MHC II and fascin
revealed that almost all MHC II-positive cells were also
fascin positive, but some dendritic structures were
positive only for fascin or MHC II. Fascin is related to
dendritic process and exists in various cells as described
above. In frozen sections, because the antigenicity is well
retained, the other cells, such as fibroblastic cells and
endothelial cells, might be positive for fascin. MHC II is
also expressed in monocytes/macrophages and B lym-
phocytes. Immunoelectron microscopy confirmed that
FRCs and endothelial cells were negative for fascin and
that fascin positivity was restricted to cells with dendritic
shape and dendrites, namely dendritic cells in the
paracortex. Because the staining procedures were not
the same, the findings of some cells might be quite
different. Considering all the variables, these results
suggested that the presence of paracortical FPCs, which
appeared to be classified as IDCs, and fascin is a useful
immunohistochemical marker of DCs of formalin-fixed
and paraffin-embedded murine lymph nodes. Matured
DCs in culture have already undergone morphological
changes, including the formation of numerous dendrites
[13, 24] and the upregulation of fascin expression [2, 17].
In this study, after the stimulation, FPCs and their fascin-
positive cell processes gradually increased in the para-
cortex. The migration and maturation of DCs were
demonstrated using immunohistochemistry with a mono-
clonal antibody against fascin. At the same time, FRCs
became ASMA positive. The phenotypes of fibroblastic
stromal cells in various organs transform into myofibrob-
lasts or myofibroblast-like cells and produce various
components of extracellular matrices. Cytokines, such as
transforming growth factor-beta and granulocyte-macro-
phage colony-stimulating factor, are involved in this
transformation, and the stromal cells became positive or
more intensely positive for AMSA. These cytokines are
involved in DC maturation. In addition, FRCs that are
positive for ASMA seem to produce various extracellular
matrices, including adhesion molecules [20]. The expres-
sion of fascin is regulated by various extracellular
matrices [1, 7, 23]. These two types of cells and reticular
fiber build a network in the paracortex, where they are all
in contact. In active paracortical response, both FPCs and

FRCs are also stimulated and might play a significant role
in the maturation of the lymphocytes.
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Abstract To clarify the role of apoptosis in oncogenesis
and cytodifferentiation of odontogenic epithelium, ex-
pression of survivin and X chromosome-linked inhibitor
of apoptosis protein (XIAP), inhibitor of apoptosis protein
(IAP) family proteins, was examined in tooth germs and
in benign and malignant ameloblastomas by means of
immunohistochemistry and reverse-transcription poly-
merase chain reaction. Immunoreactivity for survivin
and XIAP was detected in developing and neoplastic
odontogenic epithelium. In tooth germs, survivin expres-
sion was evident in inner enamel epithelium. Follicular,
plexiform and metastasizing ameloblastomas showed
survivin reactivity chiefly in neoplastic cells neighboring
the basement membrane, and most neoplastic cells in
basal cell and desmoplastic ameloblastomas and
ameloblastic carcinomas were positive for survivin.
Survivin mRNA levels were slightly higher in ameloblas-
tomas than in tooth germs, suggesting that elevation of
survivin expression might be involved in oncogenesis of
odontogenic epithelium. Immunoreactivity for XIAP was
detected in most odontogenic epithelial cells in tooth
germs and in benign and malignant ameloblastomas, and
XIAP mRNA levels were significantly higher in follicular
ameloblastomas than in plexiform ameloblastomas. The
expression of survivin and XIAP in odontogenic tissues
suggests that these IAP family proteins contribute to the
biological properties of ameloblastomas, such as cell
survival, proliferation, differentiation and tissue structur-
ing, as well as to cellular regulation during tooth
development.

Keywords Ameloblastoma · Apoptosis · IAP · Survivin ·
XIAP

Introduction

Tumors arising from epithelium of the odontogenic
apparatus or from its derivatives or remnants exhibit
considerable histological variation and are classified into
several benign and malignant entities [6, 16, 26, 30].
Ameloblastoma is the most frequently encountered tumor
arising from odontogenic epithelium and is characterized
by a benign but locally invasive behavior, with a high risk
of recurrence [16, 26, 30]. Histologically, ameloblastoma
shows considerable variation, including follicular, plex-
iform, acanthomatous, granular cell, basal cell and
desmoplastic types [16]. Malignant ameloblastoma is
defined as a neoplasm in which the pattern of an
ameloblastoma and cytological features of malignancy
are shown by the primary growth in the jaws and/or by
any metastatic growth [16]. Recently, malignant amelo-
blastoma has been subclassified into metastasizing ame-
loblastoma and ameloblastic carcinoma on the basis of
metastatic spread and cytological malignant features [6].
Several recent studies have detected genetic and cytoge-
netic alterations in these epithelial odontogenic tumors [9,
12]; however, the detailed mechanisms of oncogenesis,
cytodifferentiation and tumor progression remain un-
known.

Apoptosis, also known as programmed or physiolog-
ical cell death, plays diverse roles in embryogenesis and
normal homeostasis, as well as in oncogenesis [14, 32,
35]. Apoptotic processes are modulated by various
factors, which have inhibitory or stimulatory effects [27,
32, 35]. The inhibitor of apoptosis protein (IAP) family
proteins, first described as a baculovirus gene product, are
characterized by a novel domain of approximately 70
amino acids, termed the baculovural IAP repeat (BIR),
and this domain is capable of inhibiting caspases and,
thus, suppressing apoptosis [2, 3, 33]. Proteins containing
BIR domains have been recognized in a wide range of
eukaryotic species, and eight IAP relatives have been
identified in humans [3]. Survivin is an IAP member,
whose gene is located on chromosome 17q25, and is a
unique bifunctional protein which suppresses apoptosis by
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inhibiting caspase-3 and -7 and regulates the G2/M phase
of the cell cycle by associating with mitotic spindle
microtubules [38]. Expression of survivin is largely
absent from normal adult tissues, but is highly identified
in developing fetal tissues and many common types of
neoplasms [1, 11, 13]. X chromosome-linked IAP (XIAP)
is another IAP family protein, whose gene is assigned to
chromosomal location Xq25, and strongly suppresses
apoptosis by binding distinct caspases, namely caspases-
3, -7 and -9 [4, 5, 24]. Expression of XIAP mRNA has
been observed in most fetal and adult tissues [24] and is
associated with a poor prognosis in some malignancies [7,
34].

Our previous studies confirmed apoptotic cells and
several apoptosis-related factors, such as the bcl-2 family
proteins, p53, Fas, Fas ligand and heat shock proteins, in
tooth germs and ameloblastomas, suggesting that apop-
totic cell death has an important role in oncogenesis or
cytodifferentiation of odontogenic epithelium [17, 18, 19,
21, 23]. In the present study, expression of survivin and
XIAP in benign and malignant ameloblastomas as well as
in tooth germs was examined using immunohistochemis-
try and reverse-transcription polymerase chain reaction
(RT-PCR) to clarify the possible role of these IAP family
proteins in epithelial odontogenic tumors.

Materials and methods

Tissue preparation

Specimens were surgically removed from 52 patients with epithe-
lial odontogenic tumors at the Department of Oral and Maxillo-
facial Surgery, Tohoku University Dental Hospital, and affiliated
hospitals. The specimens were fixed in 10% buffered formalin for
one to several days and were embedded in paraffin. The tissue
blocks were sliced into 3-mm-thick sections for routine histological
and subsequent immunohistochemical examinations. Tissue sec-
tions were stained with hematoxylin and eosin for histological
diagnosis according to the World Health Organization histological
typing of odontogenic tumors [16]. The tumors comprised 46
ameloblastomas and 6 malignant ameloblastomas. Ameloblastomas
were divided into 30 follicular and 16 plexiform types, including 15
acanthomatous, 5 granular cell, 3 basal cell and 4 desmoplastic
subtypes. Malignant ameloblastomas were classified into 2 metas-
tasizing ameloblastomas and 4 ameloblastic carcinomas, according
to the criteria of Eversole [6]. For semi-quantitative RT-PCR
analysis, tumor tissues were immediately frozen on dry ice and
stored at �80�C. Specimens of 11 tooth germs of the mandibular
third molars, enucleated for orthodontic reasons at the initial stage
of crown mineralization, were similarly prepared and compared
with the epithelial odontogenic tumors.

Immunohistochemistry

The tissue sections were deparaffinized, immersed in methanol
with 0.3% hydrogen peroxide and heated in 0.01 M citrate buffer
(pH 6.0) for 10 min by autoclave (121�C, 2 atm). After treatment
with normal serum for 30 min, the sections were incubated with
primary antibodies at 4�C overnight. The applied antibodies were
rabbit anti-survivin polyclonal antibody (Nobus Biologicals, Lit-
tleton, CO, USA; diluted at 1:200) and goat anti-XIAP polyclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA; diluted
at 1:50). The standard streptavidin-biotin-peroxidase complex

method was performed to bind the primary antibodies with the
use of Histofine SAB-PO Kits (Nichirei, Tokyo, Japan). Reaction
products were visualized by immersing the sections in 0.03%
diaminobenzidine solution containing 2 mM hydrogen peroxide for
1–3 min. Nuclei were lightly counterstained with methylgreen. For
control studies of the antibodies, the serial sections were treated
with phosphate-buffered saline, normal rabbit IgG and normal goat
IgG instead of the primary antibodies and were confirmed to be
unstained. Immunohistochemical reactivity for survivin and XIAP
was evaluated and classified into three groups: (+) weak, (++)
moderate and (+++) strong.

Semi-quantitative RT-PCR analysis

Total RNA was extracted from frozen tissue samples of 8 tooth
germs, 32 ameloblastomas and 1 malignant ameloblastoma using
an RNeasy Mini Kit (Qiagen, Hilden, Germany), according to the
manufacturer’s protocol. First-stranded complementary DNA
(cDNA) was synthesized from 1 mg of RNA using an Omniscript
RT Kit (Qiagen) with oligo-(dT)15 primer (Roche Diagnostics,
Mannheim, Germany), as outlined by the manufacturer. The cDNA
samples were amplified using a HotstarTaq Master Mix Kit
(Qiagen) with specific primers in a DNA thermal cycler (Eppen-
dorf, Hamburg, Germany). Primers used in this study were as
follows: 50-AGCCCTTTCTCAAGGACCAC-30 (forward) and 50-
GCACTTTCTTCGCAGTTTCC-30 (reverse) for survivin, yielding
a 363-bp product, and 50-GAAGACCCTTGGGAACAACA-30

(forward) and 50-CGCCTTAGCTGCTCTTCAGT-30 (reverse) for
XIAP, yielding a 389-bp product. A housekeeping gene, glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH), was used as an
internal control for the examination of human gene expression, and
the primer sequences were 50-GGAGTCAACGGATTTGGT-30

(forward) and 50-GTGATGGGATTTCCATTGAT-30 (reverse),
yielding a 206-bp product. PCR was performed in a total volume
of 50 ml, containing 0.5 mg of template cDNA and 0.5 mM of each
specific primer set. The procedure for amplification included 35
cycles of denaturation at 94�C for 45 s, annealing at 55�C for 45 s
and elongation at 72�C for 60 s with heat starting at 95�C for
15 min and final elongation at 72�C for 10 min. The PCR products
were electrophoresed on 2% agarose gel at 100 V for 30 min and
visualized with ethidium bromide.

Densitometric values of the PCR products were determined
using the software package Scion Image (Scion Corporation,
Frederick, MD, USA), and relative mRNA levels (GAPDH-
normalized mRNA levels) were obtained by dividing the densito-
metric values of the PCR products by those of GAPDH.

Statistical analysis

The statistical significance of differences in the percentages of
cases with different immunohistochemical reactivity levels and in
mean relative mRNA levels was analyzed by means of the Mann-
Whitney U test for differences between two groups or the Kruskal-
Wallis test for differences among three or more groups. P values of
less than 0.05 were considered to indicate statistical significance.

Results

Immunohistochemical reactivity for survivin and XIAP

Immunohistochemical reactivity for survivin and XIAP
was detected in the cytoplasm of normal and neoplastic
odontogenic epithelial cells (Fig. 1, Fig. 2, Table 1). In
tooth germs, expression of survivin was more evident in
inner enamel epithelium than in outer enamel epithelium
and dental lamina (Fig. 1A). Ameloblastomas showed
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survivin reactivity in many peripheral columnar or
cuboidal cells and some central polyhedral cells
(Fig. 1B). Keratinizing cells and granular cells showed
no reactivity for survivin in acanthomatous and granular
cell ameloblastomas. Basal cell ameloblastomas and
desmoplastic ameloblastomas showed survivin reactivity
in most neoplastic cells (Fig. 1C). Metastasizing
ameloblastomas showed a survivin expression pattern
similar to that of the benign ameloblastomas, while
ameloblastic carcinomas demonstrated weak to moderate
survivin reactivity in most neoplastic cells (Fig. 1D).

Expression of XIAP was detected in most epithelial
cells in tooth germs, and some samples showed slightly
stronger reactivity in inner enamel epithelium than that in
other epithelial components (Fig. 2A). Benign and
malignant ameloblastomas showed XIAP reactivity in
most neoplastic cells (Fig. 2B, D). In some benign
ameloblastomas, peripheral columnar or cuboidal cells
exhibited slightly stronger reactivity for XIAP than
central polyhedral cells. Keratinizing cells and granular

cells in acanthomatous and granular cell ameloblastomas
demonstrated markedly decreased reactivity for XIAP
(Fig. 2C). Differences in the immunohistochemical
detection of survivin and XIAP did not reach statistical
significance.

Semi-quantitative RT-PCR profiles of survivin
and XIAP mRNA expression

RT-PCR analysis identified expression of mRNA tran-
scripts for survivin and XIAP in all 32 ameloblastomas
and the 1 malignant ameloblastoma as well as in the 8
tooth germ tissues, and the PCR products of survivin and
XIAP were 363 bp and 389 bp, respectively (Fig. 3).
Relative (GAPDH-normalized) mRNA levels of survivin
and XIAP expression were quantified as the survivin/
GAPDH and XIAP/GAPDH ratios (Table 1). Some
ameloblastomas showed higher survivin expression than
tooth germ samples, and the mean level of survivin

Fig. 1 Immunohistochemical reactivity for survivin. A Tooth germ
showing strong reactivity in inner enamel epithelium and weak
reactivity in outer enamel epithelium �125. B Follicular amelo-
blastoma showing reactivity in many peripheral columnar cells and

some central polyhedral cells �115. C Basal cell ameloblastoma
showing strong reactivity in most neoplastic cells �100. D
Ameloblastic carcinoma showing reactivity in most neoplastic
cells �125
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expression in ameloblastomas tended to be higher than
that in tooth germs (P=0.0502). Follicular ameloblas-
tomas showed significantly higher levels of XIAP
expression than did plexiform ameloblastomas (P<0.05).

Discussion

The IAP family consists of evolutionarily conserved
proteins that function to regulate apoptotic cell death [3].
Survivin is highly expressed during embryonic and fetal
development, but is not detected in terminally differen-
tiated adult tissues, except for placenta and thymus [1].
Homozygous survivin mutant mice have failed to survive
beyond 4.5 days post-coitum [36]. XIAP mRNA is
detected in all fetal and adult tissues except for peripheral
blood lymphocytes [24]. Mice deficient in XIAP have
shown upregulation of other IAP members [8]. These
features suggest that expression of survivin and XIAP
during embryonic and fetal development may contribute

Fig. 2 Immunohistochemical reactivity for X chromosome-linked
inhibitor of apoptosis protein. A Tooth germ showing reactivity in
epithelial components �120. B Plexiform ameloblastoma showing
reactivity in most neoplastic cells �125. C Acanthomatous

ameloblastoma showing decreased reactivity in keratinizing cells
�95. D Ameloblastic carcinoma showing reactivity in most
neoplastic cells �105

Fig. 3 Reverse-transcription polymerase chain reaction (RT-PCR)
analysis of survivin and X chromosome-linked inhibitor of
apoptosis protein (XIAP) mRNA expression in tooth germs and
ameloblastomas (M molecular-weight standard, 1, 2 tooth germs,
3–6 ameloblastomas, 7 malignant ameloblastoma). Survivin and
XIAP mRNA expression was seen in all samples. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was run as a control to
ascertain the integrity of mRNA/cDNA. The sizes of survivin,
XIAP and GAPDH PCR products were 363, 389 and 206 bp,
respectively
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to tissue homeostasis and differentiation. Apoptotic cell
death is known to play an important role in tooth
development [15, 37], and some apoptosis-related factors,
such as bcl-2 family proteins and Fas/Fas ligand system,
have been identified in tooth germ tissues [18, 21, 31]. In
the present study, expression of survivin and XIAP was
detected at both protein and mRNA levels in tooth germs
at the initial stage of crown mineralization, suggesting
that these IAP family proteins play a role in cell survival
and differentiation during tooth development.

Survivin functions as a suppressor of apoptotic cell
death and is also involved in regulation of cell division
[38]. Although expression of survivin is very restricted in
normal adult tissues, high expression of survivin is found
in many common human malignancies, including pulmo-
nary, colorectal, prostate and breast carcinomas, malig-
nant lymphoma, neuroblastoma and glioblastoma [1, 11,
13]. Increased survivin expression is considered an
important indicator of a poor prognosis in some malig-
nancies, such as neuroblastoma and glioblastoma [11, 13].
In the present study, ameloblastomas expressed survivin
protein chiefly in neoplastic cells neighboring the base-
ment membrane, and most neoplastic cells in basal cell
and desmoplastic ameloblastomas reacted with anti-
survivin antibody. Our previous studies detected prolif-
erating cells neighboring the basement membrane and
apoptotic cells detached from the basement membrane in
ameloblastomas [17, 21]. These features suggest that
survivin expression is associated with cell proliferation
and differentiation of ameloblastoma cells. Basal cell and
desmoplastic ameloblastomas are considered to possess a
high potential for cell survival. The expression pattern of
survivin was similar to those of the apoptosis inhibitory

proteins bcl-2 and bcl-x in ameloblastomas [18, 28], and
these apoptosis suppressor proteins of the bcl-2 and IAP
families are considered to affect the biological profiles of
ameloblastomas. Expression levels of survivin mRNA
were slightly higher in ameloblastomas than in tooth
germs, suggesting that elevated survivin expression might
be involved in oncogenesis of odontogenic epithelium.
Survivin expression in malignant ameloblastomas did not
distinctively differ from that in tooth germs or benign
ameloblastomas.

XIAP binds to and inhibits caspases-3, -7 and -9 but
not caspases-1, -6, -8 and -10, and the specificity of
caspase inhibition may have therapeutic potential [4, 5].
Expression of XIAP has been observed in human
neoplasms, including acute myelogenous leukemia and
pulmonary, oral and ovarian carcinomas, as well as in
fetal developing and normal adult tissues, and the direct
role of XIAP in the resistance of cancer cells to radiation
and chemotherapeutic intervention has been demonstrated
in these tumors [10, 25, 29, 34]. In the present study,
expression of XIAP protein was detected in most
neoplastic cells of benign and malignant ameloblastomas,
as well as in epithelial cells of tooth germs. Our previous
study confirmed caspase-3 expression in tooth germs and
ameloblastomas [21]. Based on these features, XIAP was
considered to specifically and strongly block caspase-3
activity, thereby allowing normal developing and neo-
plastic odontogenic epithelial cells to avoid apoptotic cell
death. Expression levels of XIAP mRNA did not differ
distinctively between normal and neoplastic odontogenic
tissues. This finding did not clearly support a specific role
of XIAP in oncogenesis of odontogenic epithelium. In our
previous studies, increased apoptotic cell death was found

Table 1 Expression of survivin and XIAP in tooth germs and
ameloblastomas. Immunohistochemical reactivity: (+) weak, (++)
moderate and (+++) strong. RT-PCR reverse-transcription poly-

merase chain reaction, GAPDH glyceraldehyde-3-phosphate dehy-
drogenase, XIAP X chromosome-linked inhibitor of apoptosis
protein

Immunohistochemical reactivity RT-PCR profile (relative
(GAPDH-normalized) mRNA level)

n Survivin XIAP n Survivin XIAP

(+) (++) (+++) (+) (++) (+++)

Tooth germ 11 8 0.21€0.10 0.97€0.17
Enamel organ 6 4 (36%) 4 (36%) 3 (27%) 1 (9%) 7 (64%) 3 (27%)
Dental lamina 6 2 (33%) 2 (33%) 2 (33%) 1 (17%) 3 (50%) 2 (33%)

Ameloblastoma 46 14 (30%) 17 (37%) 15 (33%) 8 (17%) 21 (46%) 17 (37%) 32 0.39€0.22 1.08€0.27
Follocular type 30 10 (33%) 8 (27%) 12 (40%) 6 (20%) 13 (43%) 11 (37%) 20 0.40€0.22 1.17€0.22*
Plexiform type 16 4 (25%) 9 (56%) 3 (19%) 2 (13) 8 (50%) 6 (37%) 12 0.38€0.23 0.93€0.30*
Acanthomatous

subtype
15 7 (47%) 4 (27%) 4 (27%) 4 (27%) 7 (47%) 4 (27%) 12 0.43€0.24 1.05€0.27

Granular subtype 5 1 (20%) 2 (40%) 2 (40%) 1 (20%) 2 (40%) 2 (40%) 3 0.25€0.16 1.29€0.19
Basal cell subtype 3 0 (0%) 1 (33%) 2 (67%) 0 (0%) 2 (67%) 1 (33%) 1 0.33 0.81
Desmoplastic sub-

type
4 1 (25%) 1 (25%) 2 (50%) 0 (0%) 2 (50%) 2 (50%) 1 0.46 1.21

Malignant amelo-
blastoma

6 3 (50%) 3 (50%) 0 (0%) 2 (33%) 3 (50%) 1 (17%) 1 0.20 0.97

Metastasizing
ameloblastoma

2 1 (50%) 1 (50%) 0 (0%) 1 (50%) 1 (50%) 0 (0%) 1 0.20 0.97

Ameloblastic carci-
noma

4 2 (50%) 2 (50%) 0 (0%) 1 (25%) 2 (50%) 1 (25%) 0 – –

*P<0.05
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in keratinizing cells and granular cells in acanthomatous
and granular cell ameloblastomas [17, 19, 21]. The
present study showed markedly decreased expression of
XIAP and survivin in keratinizing cells and granular cells
in the ameloblastoma subtypes. These features suggest
that these IAP family proteins might have a role in
terminal differentiation of these neoplastic cells in
ameloblastoma variants. We reported that some osteolytic
cytokines and stromal microvessel densities clearly
differed between follicular and plexiform patterns of
ameloblastomas [20, 22]. In the present study, XIAP
mRNA levels were significantly greater in follicular
ameloblastomas than in plexiform ameloblastomas, and
expression of survivin protein tended to be higher in
follicular ameloblastomas than in plexiform ameloblas-
tomas. These results suggest that these IAP members may
be involved in tissue structuring of ameloblastomas.

In conclusion, expression of survivin and XIAP in
tooth germ and benign and malignant ameloblastomas
suggests that these IAP family proteins contribute to
biological properties of epithelial odontogenic tumors as
well as to cellular regulation during tooth development. In
addition, the specific expression of survivin suggests that
this protein is a potential therapeutic target for epithelial
odontogenic tumors.
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Abstract The diagnosis of pulmonary Langerhans cell
histiocytosis might be refined by demonstrating reliability
of a new cell marker, i.e., Langerin (CD207), used on
bronchoalveolar lavage fluid. For this purpose, we
collected material from patients with this disease and
also with sarcoidosis and idiopathic pulmonary fibrosis as
controls. In addition to the immunocytochemical detec-
tion of Langerin, we examined the expression profiles of
CD1a and the macrophage tandem-repeat mannose
receptor (CD206). To test accessibility of Langerin, a
C-type lectin, for mannosides, we employed reverse lectin
histochemistry using mannose-containing neoglycopro-
teins. The analysis revealed a significantly increased
percentage of CD1a- and Langerin-positive cells in
pulmonary Langerhans cell histiocytosis in comparison
with both other studied diseases. No expression of the
175-kDa mannose-binding lectin (CD206) in Langerhans
cells was observed. Evidently, binding sites on the cells
were not accessible for the mannose-containing neogly-

coligand. These results provide evidence for the useful-
ness of Langerin-directed immuno- and glyco-
histochemical monitoring of bronchoalveolar lavage fluid
in the diagnosis of pulmonary Langerhans cell histiocy-
tosis.

Keywords Fibrosis · Histiocytosis ·
Immunohistochemistry · Langerin (CD207) · Lectin ·
Neoglycoprotein · Sarcoidosis

Introduction

The definition of new cell markers by the development of
monoclonal antibodies provides a means to refine current
diagnostic procedures. Following this first step on the way
to proving diagnostic usefulness, the tool under study
should next be tested with clinical material. In this study,
we have focused on pulmonary Langerhans cell histiocy-
tosis (PLCH). This disease belongs to the Langerhans cell
histiocytosis family. The patient ratio between males and
females is approximately equal [8, 18]. The etiology of
the disease is not fully known, but it is notable that the
majority of patients have a tobacco smoking history [2, 3,
12]. The clonal character of Langerhans cells (LC) in
PLCH suggests a manifestation of the disease with
tumorous character [8]. However, a reactive nature of
PLCH is also documented [8, 18]. No characteristic
clinical symptoms are attributed to the disease, and its
diagnosis is, thus, based on the combination of clinical,
radiological and laboratory investigations [18]. Among
them, the cytological analysis of bronchoalveolar lavage
(BAL) is recommended, with the percentage of Langer-
hans cells higher than 5% being an important factor for
PLCH detection [1, 13]. At present, the apparent quantity
of reports employing immunocytochemical monitoring of
cells in BAL underscores that it is warranted to develop a
reliable screening for this purpose. In this study, we
introduce a recently described cell marker for this purpose
and validate the application of the procedure by demon-
strating marked differences in LC presence in PLCH,
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sarcoidosis and idiopathic pulmonary fibrosis (IPF). In
addition to monitoring CD1a detection, an antibody
against Langerin (CD207), a protein specific for LC in
skin and in epithelia, such as lung bronchiolae, with
properties of a mannose-reactive C-type lectin, was tested
in this study [16, 17]. To address the further question
whether the carbohydrate recognition domain of Langerin
is accessible for ligand, we selected an a-mannoside-
presenting neoglycoprotein as a probe. By concomitantly
monitoring the presence of the 175-kDa macrophage
mannose receptor (MR; CD206), an internal quality
control of cell-type specificity was established.

Materials and methods

Three groups of patients with PLCH (three females, five males,
mean age 36€17 years), sarcoidosis (five females, three males,
mean age 42€10 years) and IPF (four females, six males, mean age
49€17 years) were included in this study. All patients with PLCH
were characterized with tobacco smoking history. The percentage
of cell types in BAL fluid collected from patients was evaluated
after conventional cytological staining [mean€SD (%), macro-
phages: 71€10, neutrophils: 4€3, eosinophils: 2€2, lymphocytes:
24€12] to prove usual interstitial pneumonia pattern in combination
with clinical criteria of the American Thoracic and European
Respiration Societies (2000). The diagnosis was verified histopath-
ologically from biopsy in all cases. BAL was performed according
to a standard procedure. Cytospin specimens were prepared, and the
cells were fixed with paraformaldehyde. Any antigen-independent
binding of antibody, for example, via Fc fragments, was blocked
using non-immune swine serum (Dako, Brno, Czech Republic).
CD1a was detected using the monoclonal antibody obtained from
Immunotech (Prague, Czech Republic) and Langerin using the
DCGM4 monoclonal antibody [16]. MR was detected using a goat
polyclonal antibody (TNO-PG, Leiden, The Netherlands). Swine
anti-mouse antiserum labeled with fluorescein isothiocyanate
(ALSEVA, Prague, Czech Republic) and tetramethylrhodamine
isothiocyanate (TRITC)-labeled donkey anti-goat antiserum (Santa
Cruz, Santa Cruz, CA, USA) were used as second-step antibodies.
Accessibility of the carbohydrate-binding site for exogenous
ligands was probed using biotinylated neoglycoprotein with
covalently attached a-d-mannopyranoside derivatives [5, 6].
TRITC-labeled ExtrAvidin (Sigma-Aldrich, Prague, Czech Repub-
lic) was used as the second-step reagent. Non-immune goat serum
and mice monoclonal antibodies of the same isotype without
reactivity for LC were used as controls of the specificity of the
immunohistochemical reaction. Competitive inhibition of neogly-
coprotein binding by d-mannose (Sigma-Aldrich, Prague, Czech
Republic) was used to ascertain the specificity of the reverse lectin
histochemical reaction. The double-labeling reaction at the single-
cell level was performed in several specimens according to an
optimized protocol [4]. Several specimens were also subject to
counterstaining with 40-60-diamidino-2-phenylindole (DAPI) (Sig-
ma-Aldrich, Prague, Czech Republic).

A fluorescence microscope Optiphot-2 (Nikon, Prague, Czech
Republic) equipped with suitable filterblocks, CCD camera and
computer-assisted image analysis system (LUCIA, Laboratory
Imaging, Prague, Czech Republic) were used for data collection,
storage and analysis. The individual data sets (minimally 500 cells/
patient) were statistically analyzed. In detail, with respect to the
number of cases, the Shapiro-Wilk’s test was used for testing of
distribution. Where a derivation from a monitored distribution was
detected, the Mann-Whitney test was used for comparison. For
calculating of the correlation between two variables, the Spearman
correlation coefficient (r), which determines the extent to which
values of two variables are “proportional” to each other, was
instrumental.

Results and discussion

When performing the immunocytochemical protocol, any
antigen-independent staining reaction, for example, using
kit reagents, was first excluded. Under these conditions,
Langerin (CD207) detection was consistent, reliable and
reproducible (Fig. 1). Likewise, CD1a expression was
visible. To address the question on the diagnostic value of
this procedure, we monitored cell populations originating
from patients with PLCH, sarcoidosis and IPF. BAL of
patients suffering with PLCH contained a significantly
higher number of CD1a- and Langerin-positive cells than
BAL of patients with sarcoidosis and IPF (Fig. 2). No
apparent differences between the number of CD1a- and
Langerin-positive cells in patients with sarcoidosis or IPF
were observed. As shown in detail in Fig. 2, Langerin
detection improved the P value to 0.000533 for distin-
guishing between PLCH and sarcoidosis. Interestingly,
the numbers of CD1a- and Langerin-positive cells in all
tested cases were almost identical (P<0.0001, r=0.976), as
shown in Fig. 3. This result indicates the high specificity
of Langerin detection. Regarding diagnostic assessment,
literature data defined a level of more than 5% of LC in
BAL as borderline for the diagnosis of PLCH [1, 13].
Two PLCH patients of our group had a percentage of LC
of 4%. The clearly increased LC level warrants extending

Fig. 1 Representative figures illustrating detection of Langerin
(CD207) (green, A, B, E, F), CD1a (green, C, D), the 175-kDa
tandem-repeat C-type mannose receptor (CD206) (red, MR, E) and
mannose-binding sites (red, Man-BS, F) in cells of bronchoalveolar
lavage (BAL) obtained from patients with pulmonary Langerhans
cell histiocytosis (PLCH) (A, B, E, F) and sarcoidosis (C, D).
Nuclei in F are counterstained with 40-60-diamidino-2-phenylin-
dole; bar is 20 mm
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diagnostic procedures to clarify clinical manifestations.
As required for a valid control, no cells expressing CD1a
and Langerin were positive for the presence of the MR.
This observation is in complete accord with the fact that,
in contrast to macrophages and dendritic cells of the non-
Langerhans type, Langerhans cells do not express this
lectin [10, 14]. Similar to Langerin, a protein that controls
formation of Birbeck granules and is assumed to be
important for antigen uptake and presentation, this
molecule has lectin properties for mannosides [11, 16,
17]. Using a synthetic class of probe (neoglycoprotein),
we, thus, examined whether the CD207-positive cells
harbored accessible receptor sites (that is, sites not

blocked by endogenous ligands). As a positive control,
Langerin- and CD1a-negative cells (predominantly mac-
rophages) specifically bond this glycohistochemical
marker, whereas no reactivity was observed for the
Langerin- and CD1a-positive cell population (Fig. 1). In
this context, it is interesting to refer to previous data that
LC infiltrating malignant tumors also expressed Langerin
and did not bind the mannose-containing neoglycoprotein
in contrast to LC present in normal epithelia, which were
reactive with the marker [11]. LC expressing Langerin in
Langerhans cell histiocytosis lesions from sites other than
the lung are described as having properties of immature
LC [7], being able to recognize antigen in contrast to the

Fig. 2 Difference of the percentage of the number of Langerin- or
CD1a-positive Langerhans cells in patients suffering from pulmo-
nary Langerhans cell histiocytosis (PLCH), sarcoidosis and idio-
pathic pulmonary fibrosis (IPF). The data are statistically evaluated
using the Mann-Whitney test. Each value gives the median.
Minimal and maximal values are shown by bars and 75% of the
data lie within the boundaries of the box. In the case of Langerin
expression, the difference between pulmonary Langerhans cell
histiocytosis and sarcoidosis is significant at the level of

P=0.000533 and between pulmonary Langerhans cell histiocytosis
and idiopathic pulmonary fibrosis at the level of P=0.016. In the
case of CD1a expression, the difference between pulmonary
Langerhans cell histiocytosis and sarcoidosis is significant at the
level of P=0.002145 and between pulmonary Langerhans cell
histiocytosis and idiopathic pulmonary fibrosis at the level of
P=0.0147. No significant differences between sarcoidosis and
idiopathic pulmonary fibrosis were detected

Fig. 3 The percentage of
CD1a- and Langerin-positive
cells in pulmonary Langerhans
cell histiocytosis were almost
identical, as was shown by
regression analysis using the
two data sets yielding a linear
relationship at P=0.0001. Since
values obtained from two pa-
tients were the same, the num-
ber of individual observations
shown here is 14
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PLCH LC that were characterized as mature [15], and,
therefore, the uptake of antigen by these cells could be
limited. Changes related to the maturation of LC [9], thus,
can be relevant for explaining this difference in binding-
site accessibility. In conclusion, the immunocytochemical
monitoring of BAL focusing on Langerin as new LC
marker has proven its usefulness for the diagnosis of
patients suffering from PLCH.
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Abstract Urokinase plasminogen activator (uPA), its
cell-bound receptor (uPAR) and its main inhibitor plas-
minogen activator type 1 (PAI-1) are present primarily in
stromal cells in invasive breast carcinoma. The purpose of
this study was to investigate the regulation by 1,25
dihydroxyvitamin-D3 (VD3) of these invasion-associated
markers expressed in breast cancer tumors under organ
culture, which preserves the interacting network of tumor
and stromal cells. Breast carcinoma slices (30 cases),
obtained using the Krumdieck tissue slicer, cultured for
48 h in the presence or absence of 100 nM vitamin D3,
were embedded in formalin-fixed paraffin. uPA, uPAR,
PAI-1 and VD3 receptor (VDR) were analyzed by
immunohistochemistry, and their expression, detected in
tumor cells and fibroblasts of the specimens, was not
statistically changed by culture conditions. The propor-
tion of cases expressing uPA, uPAR and PAI-1 was not
affected by VD3 in epithelial cells, but the fraction of
cases displaying strong PAI-1 reactivity in fibroblasts was
reduced (P=0.016) compared with control slices. Fibro-
blasts isolated from invasive ductal carcinomas and from
normal breast tissues expressed higher VDR mRNA

levels than epithelial cells. In cultured tumor fibroblasts,
PAI-1 immunostaining and mRNA levels were reduced
by VD3-limiting fibroblast contribution to invasion.

Keywords Breast cancer · Calcitriol · Fibroblasts ·
PAI-1 · Organ culture

Introduction

The physiologically active form of vitamin D3, 1 alpha,25
dihydroxyvitamin D3 (VD3), not only plays a central role
in bone and calcium metabolism, but also has potent anti-
proliferative effects on several malignant cells, including
breast carcinoma cells [27]. VD3 exerts its effects via
binding to an intracellular receptor (VDR) present in
target tissues. There is accumulating evidence that
neoplastic as well as normal breast cells in culture and
biopsy specimens express the VDR [15, 17]. The
prognosis of breast and other cancers is ultimately
determined by the tumor ability to invade and metasta-
size. Although the modulatory effects of VD3 or its
analogous on the invasive process have been shown in a
variety of human cancer cell types, relatively little is
known regarding the molecular basis for the anti-invasive
activity of VD3 in breast carcinomas [21, 29, 32, 37, 41,
46].

Degradation of extracellular matrix barriers is a key
step in tumor cell invasion. The plasminogen activator
system (PA) plays a key role in cancer progression,
presumably via mediating extracellular matrix degrada-
tion and tumor cell migration. Urokinase-type plasmino-
gen activator (uPA), a serine protease that catalyzes the
conversion of plasminogen to plasmin, which in turn
catalyzes the degradation of major extracellular matrix
components, is of particular importance. uPA, initially
secreted as an enzymatically inactive proenzyme, exerts
its proteolytic function after binding to a specific high-
affinity cell surface receptor (uPAr). The complexed uPA
can be inactivated by the plasminogen activator inhibitor
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(PAI-1) [2]. However, there is evidence that PAI-1
promotes tumor invasion by potentiating tumor cell
detachment from the matrix [12]. High levels of uPA,
uPAr and PAI-1, mostly determined by enzyme-linked
immunosorbent assay methods, have been found to be
informative markers of poor prognosis in breast cancer
[34]. The components of the uPA system are present
mainly in stromal cells in invasive breast carcinomas [7,
8, 11, 28, 39, 45], and recent results suggest that strong
expression of uPA, uPAr and PAI-1 in fibroblasts, as
determined using immunohistochemistry, have the most
impact on the clinical behavior of breast cancer [13].

The effects of VD3 on the uPA system have been
reported in keratinocytes, osteoblasts, leukemic and breast
tumor cells in culture [20, 29, 30, 32]. Our approach to
examine a possible regulation of the PA system by VD3
in fibroblasts and epithelial cells of the same tumor was to
use organ culture, which preserves the interacting
network of tumor cells, stromal fibroblasts, endothelial
cells and extracellular matrix, representing, therefore, a
good model for this evaluation. It has been shown that
surgically obtained human breast cancer tissue can be
maintained in culture as intact tissue slices, and previous
reports attested to the feasibility of this model for the
evaluation of retinoids and estradiol effects in pre-clinical
tests [26, 35]. Using immunohistochemistry, we described
in the present communication the distribution of VD3
receptor, uPA, PAI-1 and uPAr protein expression in
breast tumor slices cultured for 48 h in the presence or
absence of VD3.

Materials and methods

Patients

Samples from 33 primary breast cancers were sequentially obtained
from Instituto Brasileiro do Controle do C�ncer (IBCC), S¼o Paulo,
Brasil. Of the tumors, 30 (90.9%) were histologically infiltrating
ductal carcinomas, and the remaining, lobular or medullar carci-
nomas, were excluded from this study. In addition to conventional
gross and histological analyses of the surgical specimen, another
fragment from each tumor was immediately dissected to remove
residual normal tissue and divided into two pieces. One was
immersed in RPMI medium, brought to the laboratory for organ
culture and immediately processed. The other sample was frozen
and stored in liquid nitrogen until required. The ethics committee of
IBCC approved the study proposal.

Northern analysis

Total RNA was extracted and analyzed by Northern blot technique
as previously described [40]. The PAI-1 cDNA fragment [1] was
provided by Dr. R. Mira y Lopes of Mount Sinai School of
Medicine (New York, NY). The VDR probe was a 2.1-kb pGEM,
provided by Dr J. Shine, California Biotechnology Inc., Mountain
View, CA [16]. The ribosomic RNA 18S probe [3] was obtained
from Dr N. Arnhein, Biochemistry Department, State University of
New York, Stony Brook, NY.

Organ culture

All procedures were carried out as previously described [26]. Once
in the laboratory, a small piece from each specimen, immersed in
RPMI medium, was fixed in 10% buffered formalin and used for
confirmation of histopathological diagnosis of invasive breast
ductal carcinoma. The remaining tissue was cut in consecutive 0.5-
mm-thick slices using the Krumdieck tissue slicer (Alabama
Research and Development Corporation, Birmingham, AL). Se-
quential slices were then cultured or fixed in buffered formalin (the
pre-culture samples). Slices to be cultured were transferred to
siliconized lens paper squares, which were floated on 5 ml organ
culture medium in 35-mm dishes. The medium was RPMI
supplemented with 10% bovine fetal serum, 100 U/ml penicillin,
100 mg/ml streptomycin and 5 mg/ml insulin. Cultures were
maintained at 37�C in a humidified atmosphere of 95% air/5%
CO2, in the presence or absence of 100 nM 1,25(OH)2D3.
Normally, three or four slices were included per group. After
48 h of culture, the slices were fixed in buffered formalin for 18 h.
After fixation, both pre-culture and post-culture slices were
processed in a histoprocessor Autotechnicon Model 2A and
embedded in paraffin. Sequential sections of 3 mm were placed in
slides previously treated with 3-aminopropyltriethoxy-silane (Sig-
ma, A3648, USA) and submitted to immunohistochemistry.

Immunohistochemical staining

After deparaffinization in xylene and rehydration in alcohol,
antigen retrieval was performed with 10 mM citric acid pH 6.0 in
a pressure cooker. Endogenous peroxidase activity was blocked
with 6% H2O2 followed by incubation with the following mono-
clonal antibodies in 1% bovine serum albumin in phosphate-
buffered saline (PBS) pH 7.4, overnight at 5�C: anti-uPA (ref 3689)
and PAI-1 (ref 3785) from American Diagnostic, USA and anti-
VDR, clone MA1–710 (ref MA1–710) from Affinity Bioreagents,
Golden, CO, USA. Anti uPAR (mAbR2) was kindly provided by
Dr. Keld Dano (Finsen Institute, Copenhagen, Denmark).

The slides were then incubated for 30 min at 37�C with
biotinylated goat anti-mouse/rabbit Ig, followed by incubation for
30 min at 37�C with the streptavidin-biotin peroxidase (Duet, Dako,
k0492, USA). Sections were developed by 3,30 diaminobenzidine
tetrahydrochloride (Sigma, D5637, USA), 6% H2O2 and dimethyl
sulphoxide. Positive and negative controls were included in each
run. The samples were observed at light microscope by two
observers (SN and VAFA). Each one of the slides was first semi-
quantified for the presence of viable cells, and then, the neoplastic
epithelial cells and stromal cells were independently semi-quanti-
fied for immunohistochemical expression of each antigen as
follows: score 0 (negative), less than 10% of reactive cells; score
1, 1–50% of reactive cells; score 2, more than 50% of reactive cells.

Fibroblast short-term culture

Specimens from normal or neoplastic breast tissues freed of adipose
tissue were collected in PBS and finely minced. The micro-
fragments were suspended in Dulbecco’s Modified Eagle medium
with 20% of fetal bovine serum and supplemented with ampicillin
and streptomycin (100 mg/ml). Fibroblasts spread out from virtually
every tissue fragment, and, after confluency, cells were subcultured
using trypsin/ethylene diamine tetraacetic acid. Homogeneous cell
cultures were obtained after the third replating. Fibroblasts were
characterized using standard immunocytochemical procedures with
the following antibodies: pan-cytokeratin (AE1/AE3, MxH), a-
smooth muscle actin (HHF35, MxHx) both from Dako Corporation,
Denmark, USA and anti-vimentin (clone LN-6) from Sigma-
Aldrich Corporation, Saint Louis, MO.
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Cell culture

Normal breast luminal cells (HB4a) were donated by Dr. M.J.
O’Hare (Ludwig Institute for Cancer Research, London UCL
Branch, London W1 W 7BS, United Kingdom) [44]. Breast cancer
cell lines (MCF-7 and MDA-MB-231) were purchased from
American Type Culture Collection. Cells were grown and main-
tained in RPMI medium plus 10% fetal bovine serum.

Statistical analysis

To probe for statistically significant associations between variables,
chi-square analysis was performed, and a P value of less than 0.05
was considered statistically significant.

Results

Specimens of breast cancer and non-neoplastic tissue
samples from 30 patients were analyzed for the expres-
sion of VDR mRNA by Northern blotting. Representative
Northern signals from paired tumors and the adjacent
normal breast tissues are displayed in Fig. 1. The VDR
mRNA (4.6 kb) was detected in all tissue samples, albeit
with a wide spectrum of relative levels. Quantification of
Northern signals after normalization with 18S revealed
that VDR mRNA expression levels ranged from 0.3 to
3.6, median 2.3. Normal adjacent tissues expressed VDR
within similar ranges (median 1.39). Tissue slices,
obtained from pre-culture samples or from organ culture
as described in the Materials and Methods section, were
fixed in 10% buffered formalin and evaluated using
immunohistochemistry. VDR, uPA, uPAr and PAI-1 were
assessed in the malignant epithelial cells and in tumor-
associated fibroblasts within each section.

Results are summarized in Table 1, Table 2 and
Table 3 and are presented as proportion of cases of breast
cancer explants in each category of reactivity/total
numbers of cases. The difference in the number of cases
for each of the antibodies resulted from the absence of
“viable cells” present in a particular slide, and all the
cases where “viable cells” were not spotted were excluded
from this study.

Figure 2A illustrates the expression of VDR in one of
the control tumor slices subjected to culture. Staining was
seen in the cell nuclei and cytoplasm. VDR immunore-
activity was present in the tumor cells in 70% of cases and
in fibroblasts in 66% of cases. Slices maintained in
culture for 48 h did not show a decline in scores of VDR
staining. Treatment with VD3 slightly increased the

Fig. 1 Expression of vitamin
D3 receptor mRNA in breast
carcinoma (T) and its adjacent
normal breast tissue (N).
Northern blot was performed as
described in methods

Table 1 Immunohistochemical evaluation of vitamin D3 (VD3)
receptor (VDR) in epithelial cells and fibroblast (cases in each
category/total cases). Breast cancer slices treated or not with VD3
were immunostained with specific antibody against VDR as
described in Materials and methods. Results were graded as: 0
(<10% of stained cells), 1 (10–50% of stained cells) and 2 (>50% of
stained cells). n.s. not significant

Staining
score

Preculture 48 h 48 h plus
VD3

P (x2)

Epithelial cells

(n=27)

0 8 (30%) 6 (22%) 4 (15%) n.s.
1 7 (26%) 8 (30%) 8 (30%)
2 12 (44%) 13 (48%) 15 (55%)

Fibroblasts
(n=29)

0 10 (34.5%) 6 (21%) 4 (14%) n.s.
1 12 (41.5%) 12 (41.5%) 10 (34%)
2 7 (24%) 11 (37.5%) 15 (52%)

Table 2 Proportion of tumor cells staining for urokinase plasmi-
nogen activator (uPA), its cell-bound receptor (uPAR) and its main
inhibitor plasminogen activator type 1 (PAI-1) (cases in each
category/total cases). Breast cancer slices treated or not with
vitamin D3 (VD3) were immunostained with specific antibodies
against uPA, uPAr and PAI-1 as described in Materials and
methods. Results were graded as: 0 (<10% of stained cells), 1 (10–
50% of stained cells) and 2 (>50% of stained cells). n.s. not
significant

Staining
score

Preculture 48 h 48 h plus
VD3

P (x2)

uPA

(n=25)

0 1 (4%) 1 (4%) 2 (8%) n.s.
1 12 (48%) 14 (56%) 13 (52%)
2 12 (48%) 10 (40%) 10 (40%)

uPAr

(n=27)

0 3 (11%) 2 (7%) 2 (7%) n.s.
1 17 (63%) 15 (56%) 17 (63%)
2 7 (26%) 10 (37%) 8 (30%)

PAI-1

(n=28)

0 0 (0%) 0 (0%) 0 (0%) n.s.
1 0 (0%) 2 (7%) 2 (7%)
2 28 (100%) 26 (93%) 26 (93%)
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number of tumor cells and fibroblasts classified as
presenting a highly positive VDR score (Table 1).

Figure 2B shows that uPA is localized in the cancer
cells and, in general, a predominantly cytoplasmic
staining was found, sometimes localized in the nucleus.
uPA is also evident in fibroblasts (Fig. 2C). Of the cases,
96% had expression of uPA in their tumor cells, and, in
100% of cases, it was present in fibroblasts. After a 48-h
culture period, in the absence or presence of VD3, no
significant differences were seen in the distribution of
positivity in either stromal or epithelial cancer cells. Of
the cases, 89% revealed immunoreactivity for uPAr in
fibroblasts and in epithelial cells. In these cells, a
cytoplasm-associated immunostaining was observed
(Fig. 2D). VD3 treatment did not affect uPAr expression,
independently of cell type (Table 2 and Table 3).

PAI-1 expression was present in cancer cells in
cytoplasm and eventually in nuclei in 100% of the
specimens (Fig. 3A), and this proportion remained
constant throughout the 48-h culture period or after VD
treatment. Positive staining was found in the fibroblasts of
96% of the specimens (Fig. 3B). Significantly fewer
samples expressed strongly stained PAI-1 (i.e., score 2) in
fibroblasts upon VD3 treatment (60% versus 21%,
P=0.016) compared with control slices after 48 h in
culture (Table 3).

PAI-1 mRNA expression was studied in control slices
in culture. PAI-1 mRNA (3.3 kb and 2.4 kb) expression
was detected in all cases analyzed (Fig. 4).

As Northern blot analysis does not distinguish among
functionally different cell types of the tumor, in a final set
of studies, fibroblasts isolated from one area near an

invasive ductal breast carcinoma (T) and from normal
breast tissue (N) were treated with VD3. Both fibroblast
populations were characterized as myofibroblasts and
expressed higher VDR mRNA levels (approximately
twofold more than the values expressed by the breast
epithelial cells analyzed concomitantly: a normal human

Fig. 2 A Nuclear and cytoplasmic vitamin D receptor immunoex-
pression indicated by arrows in breast tumor cells and fibroblasts.
Original magnification �400. B Urokinase plasminogen activator
(uPA) immunoexpression located in neoplastic cells (arrow).
Original magnification �400. C uPA immunoexpression in fibro-
blasts (arrow). Original magnification �600. D The cytoplasmic
immunoexpression of the cell-bound receptor of urokinase plasmi-
nogen activator (uPAR) was seen in breast tumor cells (arrow) and
fibroblasts (arrow). Original magnification �600

Table 3 Proportion of fibroblasts staining for urokinase plasmino-
gen activator (uPA), its cell-bound receptor (uPAR) and its main
inhibitor plasminogen activator type 1 (PAI-1) (cases in each
category/total cases). Breast cancer slices treated or not with
vitamin D3 (VD3) were immunostained with specific antibodies
against uPA, uPAr and PAI-1 as described in Materials and
methods. Results were graded as: 0 (<10% of stained cells), 1 (10–
50% of stained cells) and 2 (>50% of stained cells). n.s. not
significant

Staining
score

Hours 48 h 48 h plus
VD3

P (x2)

uPA

(n=25)

0 0 (0%) 1 (4%) 3 (12%) n.s.
1 12 (48%) 13 (52%) 11 (44%)
2 13 (52%) 11 (44%) 11 (44%)

uPAr

(n=27)

1 3 (11%) 4 (15%) 3 (11%) n.s
2 4 (15%) 7 (25%) 7 (25%)
3 20 (74%) 16 (59%) 17 (63%)

PAI-1

(n=28)

0 1 (4%) 3 (11%) 14 (50%) 0.016
1 5 (18%) 8 (29%) 8 (29%)
2 22 (78%) 17 (60%) 6 (21%)
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epithelial cell (HB4a) and two breast cancer cell lines
(MDA-MB-231 and MCF-7) (Fig. 5). Peritumoral fibro-
blasts in culture responded to the addition of VD3 to the
medium, showing a 34% reduction in PAI-1 mRNA
expression measured after 48 h of treatment (Fig. 6). In
normal fibroblasts, a decrease of 15% was observed. In
contrast, in normal human mammary luminal cells and

breast cancer cells, PAI-1 mRNA levels were not
modified by VD3. All of the tumor fibroblasts in culture
were reactive to the anti-PAI-1 antibody. After VD3
treatment, fibroblasts were stained less intensively,
showing decreased PAI-1 expression as compared with
control tumor fibroblasts (Fig. 7).

Discussion

Our results showed that organ culture of human carcino-
ma tissues maintained for 48 h preserved the expression
profile of VDR, PAI-1, uPA and uPAr similar to that
existing in vivo, thus, suggesting cell viability. Each
component of the PA system was found both in
fibroblasts and epithelial cells, in keeping with several

Fig. 4 Expression of plasmino-
gen activator type-1 mRNA in
breast carcinoma slices in cul-
ture. Total RNA was extracted
and submitted to Northern blot
as described in methods. Band
intensities in autoradiograms
were quantified by densitomet-
ric scanning and correspondent
data expressed as the ratio of
the specific mRNA to 18S
ribosomal RNA. C Control, D
Vitamin D3 treated

Fig. 5 Expression of vitamin D3 receptor mRNA in human
mammary fibroblasts obtained from normal breast tissue (FN);
tumor-associated fibroblasts (FT), normal human mammary lumi-
nal (HB4a) and breast carcinoma cell lines (MDA-MB-231 and
MCF-7). RNA total were extracted, and submitted to Northern blot
as described in methods. Band intensities in autoradiograms were
quantified by densitometric scanning and data expressed as the ratio
of the specific mRNA to 18S ribosomal RNA

Fig. 3 Plasminogen activator type-1 immunoexpression. Strong
immunostaining is depicted in breast carcinoma cells (A) and in
fibroblasts (B). Original magnification �600
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published studies [7, 8, 11, 28, 39, 45]. Although uPA and
PAI-1 have been described as localized in the cytoplasm
of cancer cells, we found immunostaining of uPA and
PAI-1 to also be present in the nucleus in some samples,
as previously published by Jankun et al. [24], using the
same antibodies. Those authors suggested that rapid
removal of uPA/uPAR/PAI-1 complexes by endocytosis
exposes protein to acid proteases of lysosomes, producing
different protein fragments, which are able to move to the
nucleus. We examined other tissues for uPA so as to
ascertain if the tissue preparation caused the unexpected
localization of uPA and PAI-1 proteins, but normal tissues
never displayed a nuclear localization, thus, suggesting
that the nuclear staining of uPA was not due to faulty
specimen preparation.

uPAR is attached to the cell membrane by a glyco-
sylphosphatidylinositol anchor, and its expression should
be found at the cellular membrane. As demonstrated in
our results, some studies also reported a cytoplasmic
staining [7, 11, 13]. One possible reason is that the
antibody uPAR2 recognizes the cytoplasmic domain or
uPAR present in the cytosol. Other possibilities already
suggested by Dublin et al. [13] included either inhibition
of antibody binding by uPAR binding to its ligand or that
the epitope recognized by the antibody at the membrane
was hidden by conformational changes in the uPAR
molecule [23, 36, 42].

According to Friedrich et al. [18], no visible differ-
ences in the expression of VDR at the mRNA level were

found compared with normal breast tissue. VDR nuclear
staining localization was previously demonstrated in
breast cancer [6, 17, 18, 19]. Treatment of slices with
vitamin D induced a slight increase in VDR protein
expression, due, perhaps, to the fact that VDR half-life
was prolonged by vitamin D [33]. Upregulation of VDR
immunoreactivity in fibroblasts was previously reported
[9].

Vitamin D3 treatment reduced uPA activity in MDA-
MB-231 breast carcinoma cells in cultured keratinocytes
and in fibroblasts [30, 31]. We did not detect a similar
decrease in abundance of uPA protein in our slices in
culture. It is possible that uPA protein levels determined
using immunohistochemistry might not have been equiv-
alent to PA activity.

In the present study, we have demonstrated a de-
creased PAI-1 protein content in fibroblasts in either
tumor slices or in primary cultured fibroblasts obtained
from breast tumors when exposed to VD3. In accordance
with our results, it has been previously demonstrated that

Fig. 7 Cytoplasmic plasminogen activator type-1 immunoexpres-
sion in human mammary fibroblasts obtained from tumor-associ-
ated fibroblasts. Cultures were maintained at 37�C in a humidified
atmosphere of 95% air 5% CO2, in absence (A) or in presence of
100 nM vitamin D (B) for 48 h, and then the cells were formalin
fixed for 18 h. The immunocytochemical procedure was performed
as described in Materials and methods

Fig. 6 Expression of plasminogen activator type-1 mRNA in
human mammary fibroblasts obtained from normal breast tissue
(FN); tumor-associated fibroblasts (FT) and normal human mam-
mary luminal (HB4a), mammary carcinoma cell lines (MDA MB-
231 and MCF-7). Cells lines were exposed or not to vitamin D3
(VD3) and total RNA was extracted, and submitted to Northern blot
analysis as described in Materials and methods (two independent
assays were performed and mean values were presented). Band
intensities in autoradiograms were quantified by densitometric
scanning and data expressed as the ratio of the specific mRNA to
18S ribosomal RNA. C Control. D VD3 treated
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VD3 decreases PAI-1 mRNA in osteoblasts [20], and, in
cultured keratinocytes, PAI-1 secretion and deposition
was similarly inhibited [30]. However, we have not
observed PAI-1 modulation in epithelial breast cancer
cells, suggesting that VD3 displays divergent effects,
which might be cell specific. It is possible to speculate
that the differential responsiveness of the epithelial and
stromal cells to 1,25(OH)2D3 observed in the present
work may reflect the VDR content of each cell or take
place at a post-receptor site. A VDR was not demonstra-
ted in the promoter of PAI-1 gene, suggesting that VD3
may not directly affect PAI-1 transcription, but may
instead act through alternative pathways, which counter-
act induction effects by growth factors already described
in breast tumor fibroblasts [43].

Our observation of PAI-1 reduction by VD3 treatment
is of potential therapeutic interest, given the relevant role
proposed for PAI-1 in fibroblasts in promoting cell
invasion [4, 13]. Studies in rodent models reported the
importance of vitamin D to prevent breast cancer
metastasis in vivo and promising results of treatment
with vitamin D of metastatic androgen-independent
prostate cancer patients were published [5, 14, 22]. The
possibility that vitamin D may have attenuated the
contribution of breast tumor associated-fibroblasts to
invasion adds to the body of evidence described in recent
reviews that vitamin D analogues, exerting few calcemic
side effects, may be effective in the treatment of breast
cancer [10, 25, 38].
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Abstract We studied the histo- and immunopathology of
the endocrine and exocrine pancreas and a number of
other organs in a new insulin-dependent diabetes mellitus
(IDDM) rat model (LEW.1AR1/Ztm-iddm rat). The
pancreas of the acutely diabetic animals showed an
inflammatory infiltrate, involving all islets and ducts. The
islet infiltrate was composed mainly of ED1-positive
macrophages and T lymphocytes, comprising a large
number of CD8+ lymphocytes and a few CD4+ lympho-
cytes. In addition, the islets displayed apoptotic cells,
characterized by condensation and fragmentation of
nuclear chromatin. These cells were identified as beta
cells by insulin immunostaining. Other endocrine and
exocrine glands, including adrenals and thyroid, as well as
salivary and submandibular glands, were unaffected.
Organs from the digestive tract or systemic circulatory
system, including small intestine, liver, heart, and lung
also showed no involvement. The kidney was intact in
acutely diabetic rats. However, 6 months after diabetes

manifestation, pathological changes compatible with a
diabetic nephropathy had developed, affecting both the
glomerula and the proximal tubular segments. It was
concluded that the autoimmune process in this new IDDM
rat model is restricted to the endocrine pancreas and leads
to apoptotic beta cell destruction.

Keywords Type-1 diabetes mellitus · Animal model ·
Rat · Autoimmune disease · Beta cell apoptosis · Renal
damage

Introduction

Animal models of type-1 diabetes mellitus (T1DM) play
an important role in the elucidation of the autoimmune
mechanisms leading to beta cell death [6, 18].The Bio-
Breeding (BB) rat and the non-obese diabetic (NOD)
mouse, as the most popular rodent models, typically differ
from human T1DM with respect to inherited defects of
the immune system and a sex preference of diabetes
manifestation [6, 18]. The LEW.1AR1/Ztm-iddm rat
is a new animal model of T1DM, which developed
through a spontaneous mutation within an Mhc-congenic
LEW.1AR1 colony [19]. The LEW.1AR1/Ztm-iddm rat
closely resembles the diabetic syndrome in humans, as
the animals show a fully developed cellular immune
system and no sex bias in the diabetes incidence [19].
Furthermore, this recently described T1DM animal model
has a well-characterized genetic background. It may,
therefore, be useful for the elucidation of the mechanisms
underlying immune-mediated pancreatic beta cell death.

We already reported the main islet changes that occur
during the development of diabetes in the LEW.1AR1/
Ztm-iddm rat. In this study, we focused on the detailed
histopathology and immunopathology of the endocrine
and exocrine pancreas and a number of other organs, such
as the thyroid and the adrenals, which may potentially be
involved in the autoimmune process. This systematic
investigation allows a comparison with other animal
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models of human T1DM, such as the diabetes of the BB
rat and the NOD mouse [3, 18] and may help to clarify the
specificity of the immune-mediated attack on the beta
cells.

Materials and methods

Animals

The LEW.1AR1/Ztm-iddm rat is a new model of insulin-dependent
diabetes mellitus, which originated in 1997 from the coisogenic
LEW.1AR1 strain with a defined Mhc recombinant haplotype
(RT1r2: RT1 Aa B/Du Cu), kept in the Institute for Laboratory
Animal Science of Hannover Medical School, as described
previously [19]. Briefly, the animals were maintained in a separated
minimal barrier sustained facility at 21�C under a 12-h/12-h light/
dark cycle and a complete diet for rats (Ssniff V 1324–727,
Germany). The animals (fed) used in the present study are from a
breeding colony, which is maintained through mating of pheno-
typically inapparent healthy female and diabetic male LEW.1AR1/
Ztm-iddm rats [19]. Seven animals, which showed a fulminant
development of hyperglycemia (>20 mmol/l blood glucose) at
2 months of age, were sacrificed 1 week after diabetes manifes-
tation. In addition, four animals with moderate hyperglycemia
(8–15 mmol/l) were examined for renal changes 6 months after the
onset of diabetes. Non-diabetic LEW.1AR1/Ztm-iddm rats of
2 months (n=6) and 6 months of age (n=6) were used as controls.
On the day of sacrifice, tissue samples were collected for
morphological examination of the pancreas and other organs. The
different analyses were always performed on the same set of
animals. The glucose concentration was determined in blood from
the tail vein with the glucose oxidase method using the Glucometer
Elite (Bayer, Leverkusen, Germany).

Tissue processing and examination

For light microscopy, tissue specimens of the pancreas and other
organs were fixed in 4% paraformaldehyde in 0.15 M phosphate
buffered saline (PBS), pH 7.3, or rapidly frozen in liquid nitrogen.
The extrapancreatic organs included the thyroid, parathyroid,
adrenal, and salivary glands, stomach, heart, lung, liver, small
intestine, and kidney, as well as regional pancreatic lymph nodes.
Fixed tissue was embedded in paraffin, and frozen tissue was stored
at �70�C for cryostat histology. The serial paraffin sections of all
organs were conventionally stained with hematoxylin and eosin.
Additionally, small pancreatic tissue and renal specimens were
fixed in 2% paraformaldehyde and 2% glutaraldehyde in 0.1 M
cacodylate buffer, pH 7.3, postfixed in 1% OsO4, and, finally,
embedded in Epon. Semi-thin sections of the pancreatic and renal
tissue were stained with toluidine blue [14, 19].

For immunohistochemistry, serial paraffin and cryostat sections
were stained by the avidin-biotin-complex method [10]. After
overnight incubation with the first antibody, biotinylated goat anti-
rabbit IgG (1:100, 30 min) or biotinylated rabbit anti-mouse IgG
(1:100, 30 min) (both obtained from Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was used as the second antibody and a
mixture of streptavidin (1:100) and biotin-peroxidase (1:1000)
(Jackson Immuno Research, West Grove, IL, USA) as the third
antibody. The peroxidase reaction was visualized using 0.7 mM
diaminobenzidine and 0.002% hydrogen peroxidase in PBS,
pH 7.3. The following primary antibodies were used: polyclonal
antibodies against insulin (A565, Dako, Hamburg, Germany),
diluted 1:500, and against rat GLUT2 glucose transporter (WAK
Chemie, Homburg, Germany), diluted 1:2000, were used on
paraffin sections. The monoclonal antibodies (Serotec, Oxford,
England) against macrophages (ED1), B lymphocytes (IgD) and
pan-T lymphocytes (R 73), CD4+ T lymphocytes, CD8+ T
lymphocytes (b-chain) and NK cells (3.2.3), all diluted 1:500,

were used on cryostat sections. All antibodies were tested for
method specificity and showed specific immunostaining in control
and infiltrated islets in the LEW.1AR1/Ztm-iddm rat.

Analysis of sections

Apoptotic cells in the specific parenchyma of the analyzed organs
were identified light microscopically by the typical signs, such as
cell rounding and nuclear fragmentation, and quantified after TdT-
mediated dUTP-biotin nick end labelling (TUNEL) staining [21]. In
addition, the features of apoptosis were confirmed by electron
microscopy [15]. Immunohistochemically, the remaining pancreat-
ic beta cells in the pancreas sections of all diabetic animals were
identified by two specific markers, the GLUT2 glucose transporter
in the plasma membrane and insulin in the cytoplasm [7, 13, 14].
The cellular composition of the different subsets of infiltrating
immune cells was analyzed with specific antibodies on cryostat
sections. In these studies, 15–20 islets were analyzed in each
pancreas. The immunostained sections were viewed using bright
field illumination with a Zeiss Photomicroscope II (Zeiss, Ober-
kochen, Germany).

Results

Pancreas

The development of diabetes (blood glucose >20 mmol/l)
was accompanied by an inflammatory infiltration of all
islets of the pancreas. The islets were surrounded and
completely infiltrated by mononuclear immune cells and
had lost the majority (>90%) of their beta cells (Fig. 1A).
Between the immune cells, there were a few isolated
apoptotic pancreatic beta cells with condensation and
fragmentation of nuclear chromatin. These cells had lost
their contact to the other endocrine cell types that
accounted for the residual endocrine cell mass of the
islets (Fig. 1B). A quantitative TUNEL analysis in the
pancreatic islets of pancreases from seven acutely
diabetic rats revealed a rate of 3.9€0.4% apoptotic cells
compared with 0.2€0.1% in non-diabetic controls. The
still surviving beta cells showed faint insulin immunore-
activity in the cytoplasm and dense GLUT2 immuno-
staining at the plasma membrane. The residual endocrine
cells were mainly glucagon cells and some somatostatin
cells. These cells did not show any signs of apoptosis
(Fig. 1B).

The pancreatic ducts with epithelium of more than
eight to ten cells were surrounded by mononuclear
immune cells, which occasionally also infiltrated the
epithelial layer (Fig. 2A). In contrast to the beta cells of
the pancreatic islets, the duct cells showed no signs of
apoptosis (Fig. 2B). Signs of neogenesis were also not
observed. The acinar tissue between islets and duct cells
remained unaffected, without any signs of infiltration or
degenerative lesions. Pancreases of normoglycemic con-
trol LEW.1AR1/Ztm rats (blood glucose <5 mmol/l) of
the same age always showed well-preserved islets without
any infiltration by immune cells.
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Immune cell composition of the islet infiltrates

The islet infiltrates in the diabetic LEW.1AR1/Ztm-iddm
rats were composed mainly of ED1-positive macrophages
(34€3%; n=6) (Fig. 3A) and T lymphocytes (Fig. 3B),
comprising a small number of CD4+ lymphocytes (4€1%;
n=6) (Fig. 3C) and a large number of CD8+ lymphocytes
(62€5%; n=6) (Fig. 3D). B-lymphocytes and natural killer

(NK) cells accounted for less than 1% of the immune cells
in infiltrated islets with maximally five cells per islet
section.

In diabetic rats, ED1-positive macrophages, as well as
many T-lymphocytes and some B-lymphocytes and NK
cells, were also present in lymph nodes draining the
pancreas (not shown). At variance from the situation in
the diabetic animals, mesenteric lymph nodes from non-

Fig. 2 Infiltration of the ducts of the exocrine pancreas parenchy-
ma in a severely diabetic (blood glucose >20 mmol/l) LEW.1AR1/
Ztm-iddm rat. The ducts are markedly surrounded and moderately

infiltrated by mononuclear immune cells (arrows) (A). The duct
cells show no signs of apoptosis (arrowheads) (B). Hematoxylin/
eosin �300 (A), �700 (B)

Fig. 1 Infiltration of the islets of Langerhans in the pancreas
parenchyma in a severely diabetic (blood glucose >20 mmol/l)
LEW.1AR1/Ztm-iddm rat. The islet of Langerhans is markedly
infiltrated by mononuclear immune cells (A). Apoptotic beta cells

with a chromatin condensation and fragmentation in the nucleus
(arrows) lose the contact to the other endocrine cells (B).
Hematoxylin/eosin �300 (A) �700 (B)
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diabetic rats contained two to three times less macro-
phages and T-lymphocytes (not shown).

Involvement of other organs

To investigate whether other organs besides the pancreas
were also affected by the autoimmune process, endocrine
glands [such as thyroid (Fig. 4A), parathyroid, and
adrenals], exocrine glands [such as submandibular
(Fig. 4B), lacrimal, and salivary glands], organs of the
digestive tract (such as stomach, small intestine, and
liver), and organs of the systemic circulatory system (such
as heart and lung) were examined. None of the listed
organs revealed any signs of immune cell infiltration.

Morphological alterations in renal tissue from acutely
and chronically diabetic rats

The cortical and medullary regions of the kidney of
severely diabetic LEW.1AR1/Ztm-iddm rats in the acute
stage (less than 7 days after diabetes manifestation) were
free of any signs of immune cell infiltration. Occasion-
ally, neutrophil granulocytes were observed in loops of
glomerular capillaries. Apoptotic events were not detect-
ed in the specific cells forming the glomerula or the
different tubular segments. Only isolated cells in the
proximal tubular segment expressed a large amount of
dense bodies, representing intracellular protein aggregates
within the cytoplasm (Fig. 5B), in comparison with those
of the non-diabetic control LEW.1AR1/Ztm-iddm rats
(Fig. 5A).

The different regions of the kidney also revealed no
signs of infiltration or apoptosis 6 months after manifes-
tation of the diabetic state (Fig. 5C). However, the

Fig. 3 Immunohistochemical staining of the immune cells in an
infiltrated islet of a severely diabetic (blood glucose >20 mmol/l)
LEW.1AR1/Ztm-iddm rat. Infiltrating macrophages as well as T
lymphocytes (RTCa, b T-cells) are the main immune cell
subpopulations (A, B). The T lymphocytes are composed by both

CD4+ and CD8+ lymphocytes (C, D). Immunostaining for ED1
(infiltrating macrophages) (A), TCR alpha, beta (pan T lympho-
cytes) (B), CD4+ alpha (CD4+ T lymphocytes) (C), and CD8+ beta
(CD8+ T lymphocytes) (D) �400
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glomerula showed morphological lesions due to mesan-
gium expansion, resulting from proliferation and hyper-
trophy of the mesangial cells in the chronically diabetic
LEW.1AR1/Ztm-iddm rats. The cells of the proximal
tubular segment showed a larger amount of dense bodies
(Fig. 5C) than those of the acutely diabetic animals
(Fig. 5B).

Discussion

In the present investigation, we studied the morphology of
the endocrine and exocrine pancreas and of a number of
other organs, with respect to a potential involvement in
the autoimmune process, which causes the diabetic
syndrome in this new T1DM animal model [19]. We
found that all islets in the pancreas of the acutely diabetic
LEW.1AR1/Ztm-iddm rat revealed two significant chang-

es, an immune cell infiltration of the islets of Langerhans,
i.e., insulitis, and numerous apoptotic beta cells. In
contrast to the situation in BB rats and NOD mice [9],
an infiltration of the pancreas was never observed in any
of the non-diabetic control animals.

An additional observation was the involvement of the
pancreatic ducts in the immune process. This is in
agreement with comparable observations in diabetic BB
rats and NOD mice [9]. The periductular infiltration by
lymphocytes raises the question whether this might be an
indication for the presence of a common antigen shared
by beta cells and duct cells. This assumption is supported
by the finding that duct cells obviously comprise endo-
crine cells and, in particular, beta cell progenitor cells
[23]. However, the fact that the lymphocytic periductal
infiltration is not accompanied by any duct cell apoptosis
might be interpreted as an indication that the infiltrate is
unspecific rather than a specific immune cell response.

Fig. 4 Involvement of thyroid and salivary glands in the autoim-
mune process in a severely diabetic (blood glucose >20 mmol/l)
LEW.1AR1/Ztm-iddm rat. Thyroid and parathyroid gland (A) as

well as the salivary gland (B) show no signs of immune cell
infiltration in the parenchyma. Hematoxylin/eosin �300 (A, B)

Fig. 5 Alterations in renal tissue of a severely diabetic (blood
glucose >20 mmol/l) LEW.1AR1/Ztm-iddm rat in the acute and
chronic phase. A higher amount of dense bodies in the cells of the
proximal tubular segments is visible in the renal tissue of
chronically (C) than of acutely (B) diabetic LEW.1AR1/Ztm-iddm

rats. In comparison with the renal tissue of a normoglycemic
control LEW.1AR1/Ztm-iddm rat (A), the mesangial cells in the
glomerula are increased in the chronically diabetic phase (C).
Toluidine blue staining �400 (A–C)
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The immune cell composition in infiltrated islets in the
LEW.1AR1/Ztm-iddm rat was comparable with that
observed in the diabetic BB rat and the NOD mouse [9,
12, 20, 22]. Macrophages and T lymphocytes were the
predominant immune cell types in the islet infiltrate,
while other immune cells were rarely found. Qualitative-
ly, this composition also corresponded to the infiltrate that
has been described in the pancreas of patients with human
T1DM [11, 16].

The most significant observation in this new T1DM
animal model was the high frequency of apoptotic beta
cells in the infiltrated islets [19]. Due to the fulminant
development of diabetes, the maximal rates of beta-cell
apoptosis observed were higher than in the BB rat and
NOD mouse models [19]. In contrast to the situation in
the diabetic BB rat and the diabetic NOD mouse [1, 17,
18], there was no increased rate of immune cell apoptosis
in the islet infiltrate. Beta cell apoptosis was always
recognized in the vicinity of immune cells, such as T-
lymphocytes.

Other organs of the LEW.1AR1/Ztm-iddm rat, includ-
ing the thyroid and adrenal glands, as well as exocrine
glands and organs of the intestinal tract and the circula-
tory system, were not affected by the autoimmune process
and showed neither immune cell infiltration nor an
increase of apoptotic events. In the diabetic BB rat,
infiltration of the endocrine pancreas is typically accom-
panied by immune cell thyroiditis [2]. In the diabetic
NOD mouse, a focal mononuclear infiltration of the
thyroid gland was also observed in up to 20% of the
animals [4]. Exocrine glands are apparently unaffected in
the diabetic BB rat [2]. In contrast, concomitant infiltra-
tion of the mandibular, parotid, and lacrimal glands has
been observed frequently in diabetic NOD mice [8].
Actually, an infiltration rate of more than 80% has been
reported for the salivary gland in this diabetes mouse
model [4]. From this comparison, it can be concluded that
the immune process in our new T1DM animal model is
restricted to the endocrine pancreas and does not involve
extrapancreatic tissues as well.

The kidney in acutely diabetic LEW.1AR1/Ztm-iddm
rats showed no pathological alterations, neither an
immune cell infiltration nor an increased rate of apopto-
sis. This observation is at variance with the situation in
the diabetic NOD mouse, where such findings have been
reported [22]. Pathological changes compatible with a
diabetic nephropathy, such as an increase of mesangial
cells in the glomerula or the high number of dense bodies
as resorption vacuoles in the tubular segments, developed
only in the chronic phase of diabetes in LEW.1AR1/Ztm
iddm rats several months after manifestation of the
disease. Comparable glomerular and tubular changes as
typical signs of a diabetic nephropathy have been
registered during the chronic phase of the disease also
in the kidney of BB rats and NOD mice [5]. Thus, the
chronically diabetic LEW.1AR1/Ztm-iddm rat may re-
present an interesting model for the study of late
secondary diabetic lesions.

To summarize, the results of this morphological study
show that the autoimmune process in the diabetic
LEW.1AR1/Ztm-iddm rat affects only the beta cells of
the islets of Langerhans and, in addition, the ducts in the
pancreatic parenchyma. Signs of infiltration as the
correlate of an autoimmune process could be detected in
none of the other organs of this insulin-dependent
diabetes mellitus rat.
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Abstract Non-epithelial tumors only rarely affect the
pancreas. In this report, we describe a malignant non-
epithelial tumor with combined characteristics of malig-
nant peripheral nerve sheath tumor (MPNST) and malig-
nant melanoma. To more closely define the differential
diagnosis of MPNST with focal pigmentation versus
metastatic melanoma resembling MPNST, the tumor was
investigated using histomorphology, immunohistochem-
istry, electron microscopy, and comparative genomic
hybridization. As a result, from these analyses and from
clinical findings, the diagnosis of a pancreatic MPNST
with focal pigmentation was favored. However, the
diagnosis of a malignant melanoma or a composite tumor
could not be definitely ruled out, due to the considerable
morphological and genotypical overlap between both
entities, which can be explained by the close histogenetic
relationship between both tumor entities.

Keywords Pancreas · Malignant peripheral nerve sheath
tumor · Malignant melanoma

Introduction

Malignant non-epithelial tumors only rarely affect the
pancreas, occurring with a relative frequency of approx-
imately 0.6% [9]. Recurrently reported tumors include,

among few other entities, malignant peripheral nerve
sheath tumors (MPNST) [7, 8, 9, 10, 14, 19]. In general,
MPNST may arise either sporadically or in association
with hereditary neurofibromatosis (types 1 and 2).
Originating from cells of the peripheral nerve sheath,
MPNST display varying degrees of Schwann cell differ-
entiation. Furthermore, melanin pigmentation has been
reported in a number of extrapancreatic MPNST [5, 12],
reflecting the close histogenetic relationship to malignant
melanomas. In addition, malignant melanomas may, as
well, resemble MPNST histomorphologically [6], making
the distinction between both entities difficult in some
cases. Although, to date, there are no reports of malignant
melanomas primarily arising within the pancreas, meta-
static spread into this organ is commonly observed [15].
We report the rare case of a malignant non-epithelial
pancreatic tumor with focal melanin pigmentation and
discuss the differential diagnosis.

Clinical history

The 46-year-old male patient was referred to our hospital for re-
evaluation of a pancreatic tumor identified at another institution
6 months prior to admission. There, explorative laparotomy with
biopsy of the pancreatic mass had led to the diagnosis of an
irresectable neurogenic or melanotic tumor. Consecutively, the
patient had undergone chemotherapeutic treatment with adriamycin
and ifosfamid, which was interrupted after four cycles due to lack
of response. The patient did not suffer from any other relevant
diseases and did not present any features of hereditary neurofibro-
matosis. Upon referral to our hospital, computed tomography and
magnetic resonance imaging confirmed the pancreatic tumor,
depicted as a well-circumscribed mass located in the head of the
pancreas without affection of large blood vessels. No primary
malignant melanoma or other extrapancreatic manifestations of the
tumor were found. Thus, the mass was resected during radical
duodeno-pancreatectomy. The patient, again, underwent surgery for
a solitary brain metastasis 4 months after being discharged. In the
postoperative course, the patient did not recover from bad general
condition and died.
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Materials and methods

The surgical specimen was fixed in 8% buffered formaldehyde and
embedded in paraffin. For histological evaluation, sections were
stained with hematoxylin and eosin, as well as with Prussian blue
for iron. Immunohistochemical analyses were performed with
primary antibodies against vimentin, (1:1000, Dako), S100 (undi-
luted, Dako), HMB-45 (undiluted, Enzo Diagnostics), CD34 (1:25,
Dako), desmin (1:2, Histoprime), chromogranin (undiluted, Dako),
and cytokeratins (AE1+3; 1:5, Histoprime and KL1; 1:20,
Immunotech), using the avidin-biotin-complex-method.

Small tissue samples were fixed in 3% glutaraldehyde and
processed for ultrastructural investigation. Semi-thin sections were
stained with toluidine blue. Ultra-thin sections were contrasted with
lead and examined using a Zeiss electron microscope.

For cytogenetic analysis, comparative genomic hybridization
(CGH) was performed, as described elsewhere [4]. Briefly, tumor
DNA was extracted from paraffin-embedded material. In a nick
translation, tumor DNA was biotinylated, and normal human DNA
was labeled with digoxigenin. Hybridization of the labeled probes
onto metaphase spreads was followed by several washing steps.
Detection of the probes was performed using avidin conjugated
fluorescein for biotinylated tumor DNA and anti-digoxigenin-
rhodamin conjugate for digoxigenin-labeled reference DNA. Hy-
bridized metaphases (n=20) were then captured and analyzed using
an inverted microscope (Zeiss Axiovert S 100), a charge-coupled
device camera and CGH software (MetaSystems, Germany). As
CGH frequently yielded false-positive results in the centromeric
and telomeric regions as well as for the entire chromosome 19,
these chromosomal areas were excluded from the investigation.
Chromosomal gains were presumed if the ratio of tumor to normal
signals reached or exceeded 1.25. The respective ratio for
chromosomal losses was 0.80.

Results

Grossly, the pancreatic tumor presented as a sharply
demarcated mass, measuring 7.5 cm in largest diameter.
On cut surface, the lobulated, glassy tumor was of white
and brownish color, containing areas of microcystic
degeneration (Fig. 1).

The tumor consisted of spindle-shaped cells, plump,
polygonal cells with epithelioid appearance, and multi-
nucleated giant cells, presenting a rather heterogeneous
picture microscopically. In some areas, the cells were
arranged in fascicles or whorls; in others, they showed
nodular patterns, no recognizable growth pattern, or were
of myxoid–cystic appearance. Focally, the tumor showed
melanin pigmentation, staining negative with Prussian
blue for iron (Fig. 2).

The expansively growing tumor was surrounded by a
pseudocapsule, which was only focally infiltrated toward
the pancreatic tissue. Intravascular neoplastic emboli
were not observed. There were no regional lymph-node
metastases.

Immunohistochemical analyses revealed a diffuse pos-
itive staining for vimentin and focal positive staining for
S100. Expression of HMB-45 was observed within
pigmented areas of the tumor. The tumor cells showed
no reactivity toward desmin, cytokeratins, chromogranin,
and CD34.

Ultrastructural findings comprised cells with large,
multi-segmented nuclei, relatively broad and sometimes
intertwining cell processes, as well as rudimentary cell

junctions. Within pigmented areas of the tumor, the
cytoplasm contained melanosomes (Fig. 2D).

Chromosomal imbalances obtained by comparative
genomic hybridization included gains of the chromosomal
regions 1q, 6p, 13q, and the whole chromosome 8, as well
as chromosomal losses of 6q (Fig. 3).

For differential diagnosis of the pancreatic tumor, a
malignant peripheral nerve sheath tumor with focal
pigmentation and a malignant melanoma were considered.
As the brownish cerebral mass displayed histomorpholog-
ical and immunohistochemical features comparable with
the pancreatic tumor, it was classified as a metastasis.

Discussion

In the present study, we describe the rare case of a
malignant non-epithelial tumor of the pancreas, showing
focal pigmentation and combined morphological features
of MPNST and malignant melanoma.

MPNST are most commonly located in the proximal
portions of the upper and lower extremities and the trunk,
as well as in the head and neck regions [20]. Visceral
locations are very rare. Within the pancreas, however,
MPNST represent the second most frequent non-epithelial
malignant neoplasms, following leiomyosarcomas [9, 10].

To our knowledge, there have been no reports of
malignant melanomas primarily arising in the pancreas.
However, the pancreas is commonly affected by metastatic
spread of melanoma, as demonstrated by autopsy series in
up to 37% of cases [15]. Metastatic melanoma in the
pancreas usually occurs as part of disseminated metastatic
disease. Less frequently, singularly pancreatic metastases
were observed as well, with occult primary tumors in
some cases [2]. This latter phenomenon has been

Fig. 1 Grossly, the pancreatic tumor presented as a sharply
demarcated mass with lobulated, glassy, white and brownish cut
surface, containing areas of microcystic degeneration
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explained by spontaneous regression of the primary tumor
and is commonly observed in malignant melanomas [1].

Both MPNST and malignant melanomas originate
from neural crest-derived cells [6, 18, 20]. This close
histogenetic relationship is reflected by a considerable
histomorphological overlap between both entities. Thus,
some cases of MPNST (formerly also known as “malig-
nant schwannomas”) have been found to show melanin
pigmentation, especially when originating from spinal or
autonomic nerves near the midline [5, 12, 20]. However,
malignant melanomas may display the morphological
features of MPNST. This has primarily been observed in
melanoma metastases, with primary tumors displaying
either the classical morphological features of malignant
melanoma or remaining occult [6]. However, primary
malignant melanomas resembling MPNST were reported
as well [3].

Considerable overlap between features characteristic
of MPNST and malignant melanoma was also observed

Fig. 2 As demonstrated on semi-thin sections, the pancreatic tumor
presented a histomorphologically heterogeneous picture, including
spindle-shaped cells and plump polygonal cells with epitheloid
appearance (A, B, C, �200; D, �630), as well as multinucleated

giant cells (B). Focally, the tumor cells displayed intracytoplas-
matic pigmentation (D), ultrastructurally corresponding to melano-
somes (D, inset, �16,000)

Fig. 3 Comparative genomic hybridization revealed gains of
chromosomal regions 1q, 6p, 13q, and the whole chromosome 8,
as well as chromosomal losses of 6q
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for the pigmented pancreatic tumor of the present study.
Thus, despite extensive histomorphological, immunohis-
tochemical, and ultrastructural examinations, the diagno-
sis of either MPNST or malignant melanoma could not be
definitely clarified.

Beyond morphologically based diagnostic criteria,
chromosomal analyses have been frequently recommend-
ed as additional tools for the establishment of the
diagnosis in soft tissue tumors [16]. In the present study,
comparative genomic hybridization was used to detect
chromosomal imbalances. These included chromosomal
gains on 1q, 6p, 8, and 13q and chromosomal losses on
6q. However, none of the observed chromosomal abnor-
malities was confined to either only MPNST or malignant
melanoma, as considerable overlap between both entities
also seems to exist on the chromosomal level [11, 17, 18].

Criteria recommended for the differential diagnosis
between MPNST and malignant melanoma [6] were
applied to the present study, with the following features
favoring the diagnosis of a MPNST: the tumor was
located within the nerve-rich pancreas and, therefore, in
close anatomic relationship with major nerves. A direct
relationship to a nerve was not detected in the present
case; however, microscopically, numerous smaller nerves
were found to intersperse the tumor. Immunohistochem-
ically, the tumor showed only focal expression of S100 as
opposed to diffuse staining, the latter characteristic for
malignant melanoma. Positive staining with the melanotic
marker HMB-45 was only found in pigmented areas of
the tumor, whereas the vast majority of tumor cells did
not express HMB-45. Finally, clinical examination failed
to detect previous or concomitant primary malignant
melanoma.

However, solitary metastatic spread of a pancreatic
MPNST into the brain seems rather unusual. Therefore,
the diagnosis of an occult malignant melanoma with
metastatic spread into the pancreas and the brain should
not be definitively ruled out. Beyond this, the diagnosis of
a composite tumor consisting of MPNST and malignant
melanoma should be considered as well. Comparable
cases have been described for angiosarcomas arising
within MPNST [13].

In summary, extensive histomorphological, immuno-
histochemical, ultrastructural, and chromosomal analyses
were not sufficient to clearly define the diagnosis of either
MPNST with focal pigmentation or malignant melanoma
resembling MPNST, due to their close histogenetic
relationship. Considering subtle morphological differ-
ences between both entities and recognizing a rather
unusual pattern of metastatic spread, we favor the
diagnosis of a pancreatic MPNST with focal melanin
pigmentation.
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Abstract Metaplastic mammary carcinoma with osteo-
clast-like giant cells is a rare neoplasm, and the
histogenesis of this tumor remains controversial. A case
of metaplastic mammary carcinoma with osteoclast-like
giant cells in a 72-year-old woman is reported with p53
mutational analysis. Microscopically, the tumor was
composed of a dominant sarcomatous stromal component
containing osteoclast-like giant cells and a minor com-
ponent of intraductal carcinoma. Immunostaining for p53
revealed strong positivity in both intraductal and sarco-
matous components, but not in osteoclast-like giant cells.
Mutational analysis of the p53 gene disclosed an identical
point mutation in both intraductal and sarcomatous
components, but not in osteoclast-like giant cells, indi-
cating that both components share the same progenitor
cells, and osteoclast-like giant cells represent a reactive
infiltrate.

Keywords Breast neoplasm · Metaplastic carcinoma ·
Osteoclast-like giant cells · p53 mutation

Introduction

Metaplastic mammary carcinoma with osteoclast-like
giant cells is a rare tumor [4, 12]. This tumor is

characterized by an admixture of intraductal or infiltrating
carcinoma with areas of bland spindle cell or sarcomatous
stroma containing osteoclast-like giant cells.

The histogenesis of this tumor remains controversial
and centers around the possibilities of the same progenitor
cells giving rise to three different cell lines or each
deriving from different progenitor cells. If three histolog-
ical components of metaplastic carcinoma with osteo-
clast-like giant cells originated from the same progenitor
cells, they are more likely to have identical genetic
alterations [1]. Mutation of p53 gene is most commonly
observed in various human neoplasms, including breast
carcinoma [3, 5].

We report a case of metaplastic carcinoma with
osteoclast-like giant cells in which a mutational analysis
of p53 gene was carried out in three different components,
using microdissection techniques to determine histogen-
esis.

Clinical history

A 72-year-old woman was admitted to the hospital for diagnosis
and treatment of a palpable mass in the upper outer quadrant of the
right breast. The mass was hard but focally soft. She had no past or
family history of breast disease. An excisional biopsy of the right
breast revealed a metaplastic carcinoma with osteoclast-like giant
cells. Modified radical mastectomy with axillary lymph-node
dissection was performed. The 18 lymph nodes sampled showed
no evidence of metastatic disease. After 25 months of follow-up,
the patient remains free of disease.

Materials and methods

Immunohistochemistry

Immunohistochemical staining of formalin-fixed, paraffin-embed-
ded sections was performed using the avidin-biotin immunoperox-
idase method. The antibodies used are listed in Table 1. The pattern
of intensity of cellular immunoreactivity was graded as positive
(>30%), intermediate (10–30%), focal (a single focus or multiple
discrete foci), or negative.
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Microdissection and p53 mutation analysis

Several 7-mm-thick sections were stained with hematoxylin and
eosin and dried for 20 min at room temperature. Intraductal
carcinoma, sarcomatous component, osteoclast-like giant cells, and
normal breast tissues were respectively microdissected, using a
PixCell II Laser Capture Microdissection System (Arcturus Engi-
neering, Mountain View, California, USA). Dissected tissues were
placed in a 30-ml lytic solution (0.5% Tween 20, 1 mM ethylene-
diaminetetraacetate, pH 8.0, and 50 mM Tris-HCl, pH 8.5),
proteinase K (2 mg/ml of lytic solution) was added, and the
mixture was incubated for 48 h at 37�C. Exons 5 to 8 of the p53
gene were amplified by the polymerase chain reaction. The primers
for exons 5 to 8 and the cycle conditions were described previously
[2]. The amplified DNA was confirmed by electrophoresis on 2%
agarose. DNA was subjected to direct sequencing using an ABI
Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit
(Perkin-Elmer, Norwalk, Connecticut, USA).

Results

Pathological findings

Gross pathological examination of the excisional speci-
men revealed an ill-defined, nodular mass of 5.3�
4�3.5 cm in dimension. It appeared firm and solid with
foci of visible hemorrhage. Microscopically, the majority
of the tumor consisted of sheets of large, round, and
polygonal cells with markedly pleomorphic nuclei and
numerous abnormal mitoses (Fig. 1A). A deeply eosino-
philic osteoid-like substance was present, frequently
surrounding individual tumor cells. Multinucleated os-
teoclast-like giant cells were observed scattered among
the pleomorphic tumor cells. The resulting appearance
was typical of osteogenic sarcoma. The osteoclast-like
giant cells had deeply eosinophilic finely vacuolated
cytoplasms and multiple round to oval nuclei aggregating
centrally within the cytoplasm. Occasional mononuclear
and binuclear forms were also noted. In addition, the
tumor presented a minor component composed of intra-
ductal carcinoma exhibiting micropapillary or cribriform
growth pattern. Tumor cells in the intraductal component
were typical of moderately to poorly differentiated ductal
carcinoma. The areas of intraductal carcinoma were
admixed or contiguous with the sarcomatous component
(Fig. 1B). Osteoclast-like giant cells were not found in the
area of intraductal locations. There were also areas of
prominent hemorrhage and focal myxoid change.

Immunohistochemistry

The immunohistochemical results are shown on Table 1.
The intraductal component showed positive reactivity for
cytokeratin, epithelial membrane antigen (EMA), and
focally for vimentin. The tumor cells in the sarcomatous

Fig. 1 A The predominant microscopic pattern shows osteoclast-
like giant cells scattered in a background of variably pleomorphic
cells (hematoxylin-eosin, original magnification �200). B The
intraductal carcinoma is contiguous with sarcomatous component
(hematoxylin-eosin, original magnification �200)

Table 1 Description of anti-
bodies and immunohistochemi-
cal findings. OGC osteoclast-
like giant cells, EMA epithelial
membrane antigen

Antibodies Components

Name Source Pretreatment Intraductal Sarcomatous OGC
Cytokeratin (AE1/AE3) Dako Pepsin Positive Negative Negative
EMA Dako None Positive Negative Negative
Vimetin Dako None Focal Positive Intermediate
Actin Dako None Negative Focal Negative
Desmin Zymed None Negative Negative Negative
a-1-Antitrypsin Dako None Negative Negative Intermediate
CD68 Dako Microwave Negative Negative Positive
c-erbB-2 Dako Microwave Negative Negative Negative
Estrogen receptor Dako Microwave Negative Negative Negative
Progesterone receptor Dako Microwave Negative Negative Negative
p53 Dako Microwave Positive Positive Negative

195



component were positive for vimentin and actin and were
negative for cytokeratin and EMA. The osteoclast-like
giant cells were only positive for vimentin, a-1-anti-
trypsin, and CD68. Stains for estrogen receptor, proges-
terone receptor, and c-erb-B2 were negative in all three
components. Immunoreactivity of p53 was detected in
both intraductal and sarcomatous components, but not in
osteoclast-like giant cells (Fig. 2A, B).

p53 Mutation analysis

In the PCR and sequencing analyses, the same point
mutation was identified at codon 185 of exon 5 (transition
G!A) in both intraductal and sarcomatous components
(Fig. 3). The same point mutation was not observed in the
samples from osteoclast-like giant cells and normal breast
tissues.

Discussion

Metaplastic carcinomas of the breast are uncommon and
have been classified morphologically into five distinct
subtypes: matrix-producing carcinoma, spindle-cell car-
cinoma, carcinosarcoma, pure squamous cell carcinoma
of ductal origin, and metaplastic carcinoma with osteo-
clast-like giant cells [11, 12]. Metaplastic carcinoma with
osteoclast-like giant cells is distinguished from carcino-
sarcoma by the presence of osteoclast-like giant cells
within cellular stroma [12]. Osteoclast-like giant cells
have also been observed in other breast carcinomas [8].
When the osteoclast-like giant cells are present in
carcinomas, they are usually found abutting nests of
epithelial tumor cells, and are also identified within
lumens formed by the cancer cells. However, the
osteoclast-like giant cells in metaplastic carcinoma are
found within cellular stroma between tumor cells of the
sarcomatous component, but are not admixed with tumor
cells in carcinomatous areas. In the present case, osteo-
clast-like giant cells were present in the areas showing
characteristic osteosarcomatous differentiation.

To elucidate the histogenetic relationship between
epithelial and heterologous elements in metaplastic car-
cinoma, many investigators applied immunohistochemi-
cal analysis, and reported results have been inconsistent.
Studies by some authors found coexpression of epithelial
and mesenchymal markers in the stromal component of
metaplastic carcinomas with osteoclast-like giant cells
[12], while other studies failed to find coexpression of
vimentin in both elements of metaplastic carcinoma [6,
7]. Cytokeratin expression was only found in the carci-
nomatous component [6, 7]. In the present case, immu-
noreactivity for epithelial markers, such as cytokeratin
and EMA, was not detected in the sarcomatous compo-
nent, while vimentin was positive in both sarcomatous
and intraductal components. The findings in these reports
suggest that tumor cells in metaplastic carcinoma with
osteoclast-like giant cells undergo divergent differentia-
tion. Similar findings have also been reported [4].

Recent investigators utilized molecular techniques to
characterize clonality of the epithelial and stromal
components of these tumors. These investigators took
advantage of the fact that p53 gene is one of the most
frequent sites of mutation in breast and mutations
involving p53 gene are considered to be a relatively late

Fig. 2 Immunohistochemical staining of p53. A Sarcomatous
component displays strong nuclear immunoreactivity with p53,
but osteoclast-like giant cells are completely non-immunoreactive
(original magnification �200). B Intraductal component shows
strong p53 staining (original magnification �100)

Fig. 3 p53 sequence data of exon 5. G!A transposition mutations
are detected in both intraductal and sarcomatous components.
Arrows indicate site of mutation (A Osteoclast-like giant cells. B
Intraductal component. C Sarcomatous component)
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event in the pathway of malignant transformation cancers
[3, 5]. If the three components of metaplastic carcinoma
with osteoclast-like giant cells are derived from entirely
separate clones, then disparities in p53 mutational change
in the three components should be present. However, if
the three components of metaplastic carcinoma with
osteoclast-like giant cells are derived from the same
progenitor cells, the disparities would not be expected.
Our immunohistochemical studies demonstrated a strong
p53 expression among the intraductal as well as sarco-
matous components, whereas the osteoclast-like giant
cells were negative for p53. We have employed a
microdissection technique to ensure the purity of each
component of the tumor. The result of p53 mutation
analysis showed the same point mutation in the intraduc-
tal and sarcomatous components, whereas the normal
tissue and osteoclast-like giant cells were negative for p53
mutation. The results support the concept that the same
progenitor cells produce the intraductal and sarcomatous
components, although they expressed divergent histolog-
ical phenotypes. They also indicate that osteoclast-like
giant cells are not derived from the same progenitor cells
and are most likely a reactive infiltrate. Osteoclast-like
giant cells in our case were only immunoreactive for
vimentin, a-1-antitrypsin, and CD68, indicating that they
belong to the monocyte–histiocyte–macrophage system.

Identical single point mutation of p53 gene in both
intraductal and sarcomatous components in our patient
and in patients reported by previous investigators render
strong support for the concept that the same progenitor
cell gives rise to both components [9, 10]. To the best of
our knowledge, no previous series included a case of
metaplastic carcinoma with osteoclast-like giant cells
containing osteogenic sarcoma. We believe that the
present case represents the first such example.

In conclusion, the intraductal and sarcomatous com-
ponents of metaplastic carcinoma with osteoclast-like
giant cells might originate from the same progenitor cells,

and osteoclast-like giant cells represent a reactive infil-
trate.

References

1. Chhieng C, Cranor M, Lesser ME, Rosen PP (1998) Metaplas-
tic carcinoma of the breast with osteocartilaginous heterologous
elements. Am J Surg Pathol 22:188–194

2. Dalbagni G, Ren ZP, Herr H, Cordon-Cardo C, Reuter V (2001)
Genetic alterations in TP 53 in recurrent urothelial cancer: a
longitudinal study. Clin Cancer Res 7:2797–2801

3. Harris AL (1990) Mutant p53: the commonest genetic abnor-
mality human cancer? J Pathol 162:5–6

4. Herrington CS, Tarin D, Buley I, Athanasou N (1994)
Osteosarcomatous differentiation in carcinoma of the breast: a
case of “metaplastic” carcinoma with osteoclasts and osteo-
clast-like giant cells. Histopathology 24:282–285

5. Marks JR, Humphrey PA, Wu K, Berry D, Bandarenko N,
Kerns BJ, Iglehart JD (1994) Overexpression of p53 and HER-
2/neu proteins as prognostic markers in early stage breast
cancer. Ann Surg 219:332–341

6. Meis JM, Ordonez NG, Gallager HS (1987) Sarcomatoid
carcinoma of the breast: an immunohistochemical study of six
cases. Virchows Arch 410:415–421

7. Oberman HA (1987) Metaplastic carcinoma of the breast. A
clinicopathologic study of 29 patients. Am J Surg Pathol
11:918–929

8. Tavassoli FA, Norris HJ (1986) Breast carcinoma with
osteoclastlike giant cells. Arch Pathol Lab Med 110:636–639

9. Wada H, Enomoto T, Tsujimoto M, Nomura T, Murata Y,
Shroyer KR (1998) Carcinosarcoma of the breast: molecular-
biological study for analysis of histogenesis. Hum Pathol
29:1324–1328

10. Wang X, Mori I, Tang W, Yang Q, Nakamura M, Nakamura Y,
Sato M, Sakurai T, Kennichi K (2001) Metaplastic carcinoma
of the breast: p53 analysis identified the same point mutation in
the three histologic components. Mod Pathol 14:1183–1186

11. Wargotz ES, Norris HJ (1989) Metaplastic carcinoma of the
breast: III. Carcinosarcoma. Cancer 64:1490–1499

12. Wargotz ES, Norris HJ (1990) Metaplastic carcinomas of the
breast: V. Metaplastic carcinoma with osteoclastic giant cells.
Hum Pathol 21:1142–1150

197



Virchows Arch (2004) 444:198–201
DOI 10.1007/s00428-003-0919-7

C A S E R E P O R T

Markus Tiemann · Steffi H�ring ·
Marcus Heidemann · Jan Reichelt · Alexander Claviez

Mucosa-associated lymphoid tissue lymphoma
in the conjunctiva of a child

Received: 15 July 2003 / Accepted: 23 September 2003 / Published online: 6 December 2003
� Springer-Verlag 2003

Abstract Marginal zone lymphoma of the mucosa-asso-
ciated lymphoid tissue (MALT) occurring in the con-
junctiva has yet not been described in pediatric patients.
We present a case of a 10-year-old girl with a MALT
lymphoma involving the conjunctiva. The tumor consist-
ed of plasma cells and marginal zone cells with discrete
epitheliotropism. Immunohistochemical studies revealed
positivity for CD20 and cytoplasmic immunoglobulin l
light chain restriction. Polymerase chain reaction-based
molecular analysis of the infiltrate showed a monoclonal
rearrangement for the hypervariable complimentary de-
termining region III immunoglobulin region; whereas, a
polyclonal pattern was seen for the T-cell receptor g
chain. Extensive further examination, including molecular
techniques, revealed that the lymphoma was restricted to
the conjunctiva (stage IA) and was not associated with
any specific infection. The patient was treated with
surgery and additional local cryotherapy. After 15 months
of follow-up, the patient remains in complete remission.

Keywords MALT lymphoma · Conjunctiva · Child

Introduction

Marginal zone B cell lymphoma has become a well-
defined entity since the concept of non-Hodgkin’s
lymphoma (NHL) arising from the mucosa-associated
lymphatic tissue (MALT) was established by Isaacson et
al. [5]. More recently, the new World Health Organization
(WHO) classification of malignant lymphomas included
marginal zone lymphoma of the MALT and listed several
extranodal as well as nodal variants with a unique
immunophenotype [6]. There is a growing body of
evidence that MALT lymphomas are characterized by
specific chromosomal aberrations, such as trisomy 3 and
translocations involving the MALT1 gene [3, 10, 13, 19].
In the last decade, it has been shown that this tumor may
occur in various extraintestinal localizations, sometimes
even in a region without a preexisting mucosa. MALT
lymphomas mainly occur in the sixth and seventh decades
of life. In the pediatric age group, this lymphoma is very
rare and has been associated with human immunodefi-
ciency virus, but has been also described in immunocom-
petent children [1]. Here, to the best of our knowledge, we
describe for the first time a conjunctival MALT lympho-
ma in a child.

Clinical history

A 10-year-old girl presented with a painless swelling of the left
nasal conjunctiva of a 4-week duration. Symptomatic therapy with
corticosteroid eye drops was unsuccessful. Therefore, an excisional
conjunctival biopsy was performed under local anesthesia. Unex-
pectedly, a MALT lymphoma was diagnosed, and a thorough
clinical staging was performed. Normal values were obtained for
blood and complete serum chemistry. On serum electrophoresis, no
paraprotein was detectable. Ultrasonography of peripheral lymph
nodes, thyroid gland and abdomen, as well as chest radiography,
were normal. Magnetic resonance tomography revealed no cervical,
thoracic or cerebral lymphoma manifestations. Esophagogastro-
duodenoscopy was normal; H. pylori was not detectable. Serolog-
ically, there was no evidence of any specific viral infection. No
lymphoma cells were found in the bone marrow or cerebrospinal
fluid. Control examination of both eyes under general anesthesia
ruled out residual and contralateral tumor. Therefore, the diagnosis
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of a conjunctival MALT lymphoma without systemic involvement
(stage IEA) was made, and no cytostatic drugs or radiotherapy were
given. To enhance the effect of local surgical treatment and to
avoid late effects from percutaneous radiotherapy, the patient was
treated with additional cryotherapy [4]. The girl remains in
complete remission 15 months after diagnosis.

Materials and methods

Sections from the formalin-fixed, paraffin-embedded conjunctival
biopsy specimen were stained with hematoxylin & eosin (H&E),
Giemsa and periodic acid-Schiff (PAS). The immunohistochemical
staining employed the alkaline phosphatase-anti-alkaline phospha-
tase (APAAP) method for monoclonal antibodies and the strepta-
vidin-biotin-complex method for the polyclonal antibodies. The
monoclonal antibodies applied included L26 (CD20), anti-CD5
(CD5), Ki-B3 (pan B-cell antigen) and DBA44 (B-cell antigen).
The polyclonal antibodies used were anti-CD3 (CD3), anti-� (IgM),
anti-k (immunoglobulin light chain) and anti-l (immunoglobulin
light chain). Rearrangement analyses of the hypervariable compli-
mentary determining region (CDR) III region of the immunoglob-
ulin heavy chain (IgH) and g chain of the T-cell receptor (TCR g)
were performed on the conjunctival specimen, bone marrow
aspirate and peripheral blood. T-cell receptor rearrangement was
demonstrated using a standard multiplex polymerase chain reaction
(PCR) system according to Trainor et al. [16]. IgH rearrangement
was analyzed using a semi-nested PCR system according to Wan et

al. [17]. PCR products were subjected to capillary electrophoresis
with an automated analyzer (ABI 310).

Results

Histology of the conjunctival specimen revealed sheets of
lymphoid cells with slightly indented nuclei and a sparse
cytoplasm, reflecting the typical morphology of marginal
zone cells. In addition, there were a considerable number
of tumor cells with plasmacytic differentiation. The
infiltrate showed discrete epitheliotropism caused by
marginal zone cells, resulting in lymphoepithelial lesions
of the conjunctival epithelium. The marginal zone cells
stained for CD5�, CD20+, Ki-B3� and DBA44�. Plasma
cells and marginal zone cells showed immunoglobulin
restriction for � and k (Fig. 1A, B, C, D). Molecular
analysis by PCR revealed an immunoglobulin rearrange-
ment of the hypervariable CDR III region with a
predominant clone of 77 base pair length and a polyclonal
rearrangement pattern for TCR g chain (Fig. 2A, B).
Molecular analyses of the bone marrow and peripheral
blood showed polyclonal rearrangement patterns.

Fig. 1 A Conjunctival tumor cell infiltrate showing discrete
epitheliotropism. Giemsa, �100. B Immunohistochemical CD20
expression of tumor cells. Partial CD20 antigen loss of plasma
cells. Alkaline phosphatase-anti-alkaline phosphatase, �100. C

Immunostaining for k light chain revealing only few reactive
plasma cells. Streptavidin-biotin complex, �200. D Immunostain-
ing for l light chain restricted to tumor plasma cells. Streptavidin-
biotin complex, �200
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Discussion

Primary extranodal B-cell lymphoma is a distinct entity,
arising in preformed lymphoid tissues (e.g., in Peyer’s
plaques) or in newly formed lymphoid compartments.
The latter may be acquired during inflammatory process-
es, such as H. pylori gastritis or autoimmune diseases,
e.g., Hashimoto’s thyroiditis or myoepithelial sialadenitis,
associated with Sj�gren’s syndrome. In adults, Sj�gren’s
syndrome has been observed as a prodromal stage of
conjunctival or lacrimal MALT lymphoma. No associa-
tion with infectious agents (H. pylori, Borrelia burgdor-
feri) has been observed in conjunctival lymphoma thus
far.

Eye involvement in NHL is estimated to occur with a
frequency of less than 1%. Among these NHL, MALT
lymphomas that usually occur in the gastrointestinal tract
account for half of the cases and originate from the
conjunctiva and lacrimal glands. Recently, a series of 48
children, adolescents and young adults suffering from
marginal zone lymphoma has been published [14]. One-
third of their patients had extranodal lymphomas. In this
subgroup, only one child with a MALT lymphoma
involving the lacrimal gland, but with inconclusive
immunohistochemistry, was included.

A review of the literature revealed that all patients with
a MALT lymphoma in the conjunctiva reported thus far
were adults. This appears, therefore, to be the first report
of a conjunctival MALT lymphoma occurring in a child.

Medeiros and Harris described several distinct histo-
logical subtypes in a large series of orbital and conjunc-
tival lymphomas. Only a subset of the tumors displayed
the typical histological features of marginal zone lym-

phomas: small lymphocytic lymphoma with plasmacytoid
differentiation, dense infiltrates of centrocytoid cells, and
benign-appearing lymphoid follicles with reactive germi-
nal centers and a variable interfollicular mixture of
lymphocytes, plasma cells and histiocytes [8]. However,
the infiltrate in our patient consisted of small lymphoid
cells and monotypic plasma cells. As with other MALT
lymphomas, the tumor showed a distinct epitheliotropism.
The classification of conjunctival lymphoma, however,
remains problematic using morphology alone or only
pan-B cell or pan-T cell immunohistochemical markers.
An exact immunophenotyping of B cell subpopulations
(CD5�, CD10�, CD20+, CD21�, CD23�, Ki-B3�) is,
therefore, mandatory to classify the tumor according to
the WHO criteria [18]. Therefore, it is likely that even in
large published series on conjunctival tumors, MALT
lymphomas comprise only a smaller portion [7, 8]. In
addition, monoclonality of tumor cells was demonstrated
immunohistochemically and by using molecular methods.

Systemic disease at presentation or during the course
can be found in up to one-third of patients with MALT
lymphoma [9, 11, 15]. In a large retrospective single-
center analysis on a variety of conjunctival benign and
malignant lymphoid tumors, 11 of 64 patients with
unilateral tumors developed systemic lymphoma, in
contrast with 25 of 53 with bilateral involvement [11].
In the multicenter analysis of the International Extranodal
Lymphoma Study Group, 124 of 188 (73%) patients with
extra-gastric MALT lymphoma presented with localized
disease [21]. That series revealed a favorable prognosis
for patients with MALT lymphomas with high rates for
overall (90%) and cause-specific survival (94%). None of
the 18 patients with conjunctival involvement in this
survey progressed [21]. Knowles and colleagues found a
lower incidence of systemic lymphoma in patients with
conjunctival infiltration than those with tumors of the
orbit and eyelid region [7]. Although different types of
therapy have been employed for patients with MALT
lymphoma, surgery is accepted as treatment of choice in
patients with isolated conjunctival MALT lymphoma.
Combined radiotherapy and chemotherapy has been
applied, as these tumors bear the potential to relapse
locally and, rarely, also in a systemic pattern [2, 20]. Late
complications are, however, seen with radiotherapy doses
exceeding 35 Gy [12].

In conclusion, MALT lymphomas may also occur in
children. Long-term follow-up is extremely important in
this age group, considering the good prognosis in the
context of the potential long-term side effects of multi-
modality treatment.
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Extensive cerebral metastases from neuroendocrine carcinoma
of the prostate
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Sir,
a 78-year-old man was admitted for evaluation of acute
confusional state. He had a history of inoperable prostatic
carcinoma with orchiectomy 6 years prior to admission
and had received chemotherapy with cisplatin for hepatic
metastases the year before (results of histological studies
were not available). A computed tomography scan did not
reveal any relevant pathological findings; notably, no
metastases could be seen. Clinically, the man was
somnolent and could neither give date, time nor location
correctly. There were no pareses or apparent sensory
disturbances. Brainstem reflexes were all normal. The
plantar response on both sides was flexor. The man’s
confusion was attributed to hypovolemia, and the clinical
status gradually improved after administration of fluid
and electrolytes. After 5 days, the man was released to
home. He was admitted again 10 days later, and this time
he was stuporous, and both plantar responses were
extensor. Despite admission of fluids and electrolytes,
the man’s condition rapidly deteriorated, and he died
5 days after the second admission.

An autopsy was performed, which disclosed extensive
carcinoma of the prostate with capsular penetration and
infiltration of surrounding tissues, including the bladder
neck (pT4). Haematogenous metastases were found in the
liver, the vertebral bones and the pleura. There were signs
of former transurethral resection procedures and bilateral
orchiectomy.

Histological examination of the tumor revealed small
cells without glandular differentiation (Fig. 1). Immuno-

histochemistry demonstrated an expression of pan-cyto-
keratin, synaptophysin (Fig. 2) and chromogranin A,
whereas the reaction against prostate-specific antigen
(PSA), prostate-specific acid phosphatase (PSAP), and
neuron-specific enolase (NSE) was negative. A diagnosis
of small-cell neuroendocrine carcinoma of the prostate
was made.

The evaluation of the brain revealed innumerable well-
demarcated nodules, mostly located at the junction of gray
and white matter in cerebrum and cerebellum as well as in
the brainstem. Diameters varied from a few millimeters up
to about 1 centimeter (Fig. 3). Each of the nodules was
surrounded by moderate peritumoral edema, and there
were only slight signs of global brain swelling and
herniation phenomena. Histological analysis showed solid
sheets of atypical epithelial cells that were similar to
the prostatic cancer cells with respect to conventional
morphology as well as immunohistochemistry.

Neuroendocrine (NEC) or small-cell carcinoma of the
prostate is fairly uncommon, accounting for less than 1%
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Fig. 1 Small-cell neuroendocrine carcinoma of the prostate. Lower
left normal prostatic gland. (Haematoxylin & eosin; original
magnification �250)



of all prostatic neoplasms [3, 4, 6]. Contrary to the
common prostatic adenocarcinomas, NECs have a clear
propensity for widespread metastases early in the course
of the disease; thus, clinically resembling small-cell
carcinomas at other locations. Also, NECs are said to be
generally resistant to hormone ablation therapy but are
sensitive to chemotherapeutics used with bronchial small-
cell carcinoma [3, 4, 6]. Given the similarity of prostatic

NECs to small-cell carcinomas at other locations, one
would expect a similar propensity for cerebral metastases
with prostatic NECs. Nevertheless, to the authors’ best
knowledge, there are only four published cases, with one
case showing “multiple metastases” [5], while in the
remaining three cases, two [1] or only one metastasis each
could be detected, respectively [2, 7].

Unfortunately, in our case, the diagnosis of prostatic
NEC was not done during lifetime. Obviously, the rapid
deterioration of the man’s medical and neuropsychiatric
status was due to the rapid development of the multiple
cerebral metastases (the computed tomography scan on
the first admission did not reveal any metastases).
Without relevant signs of brain swelling, death can be
attributed to the numerous metastases lying directly in or
in the vicinity to vital centers of the brainstem (not shown
here). Even with widespread disease, prostatic NEC
shows dramatic responses to combined radiotherapeutic
and chemotherapeutic regimens; after appropriate treat-
ment, the patient of Nutting et al. [5] showed “resolution
of brain metastases” and “did strikingly well”. The patient
presented here did not receive any radio- or chemotherapy
designed for NEC, probably because a neuroendocrine
dedifferentiation of his prostatic carcinoma was not
expected. In conclusion, this case dramatically underlines
the necessity for clearly distinguishing NECs from typical
prostatic adenocarcinoma.

References

1. Blunt DM, Sansom HE, King DM (1996) Imaging of small cell
carcinoma of the male urogenital tract. Clin Radiol 51:724–727

2. Freedy RM, Miller KD (1990) Small-cell carcinoma of the
prostate: metastases to the brain as shown by CT and MR with
pathologic correlation. AJNR 11:947–948

3. Helpap B (2002) Morphology and therapeutic strategies for
neuroendocrine tumors of the genitourinary tract. Cancer
95:1415–1420

4. Helpap B, Kloppel G (2002) Neuroendocrine carcinomas of the
prostate and urinary bladder: a diagnostic and therapeutic
challenge. Virchows Arch 440:241–248

5. Nutting C, Horwich A, Fisher C, Parsons C, Dearnaley DP
(1997) Small-cell carcinoma of the prostate. J R Soc Med
90:340–341

6. Solcia E, Kloppel G, Sobin LH (2000) Histological typing of
neuroendocrine tumors. International histological classification
of tumors. World Health Organization. Springer, Berlin Hei-
delberg New York

7. Zachariah B, Casey L, Zachariah SB, Baekey P, Greenberg HM
(1994) Case report: brain metastasis from primary small cell
carcinoma of the prostate. Am J Med Sci 308:177–179
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Fig. 2 Small-cell neuroendocrine carcinoma of the prostate. Im-
munohistochemical reaction against synaptophysin. Lower left
normal prostatic gland. (Alkaline phosphatase-anti-alkaline phos-
phatase method; original magnification �250)

203



Virchows Arch (2004) 444:204–205
DOI 10.1007/s00428-003-0942-8

L E T T E R T O T H E E D I T O R

J. Briese · D. Hatton · F. Stellmacher · H.-P. Horny

Giant metastatic liver in a patient with small-cell neuroendocrine
carcinoma of the lung
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Sir,
The liver is a very common site for metastases, carcino-
mas of the gut, lung, and breast being among the most
frequent primary tumours. We report the unique case of a
small-cell neuroendocrine carcinoma of the lung produc-
ing multiple metastases in the liver, which led to a
gigantic hepatomegaly with a weight of nearly 20 kg. To
the best of the authors’ knowledge, such an extreme
degree of hepatomegaly has never been reported before,
neither in inflammatory nor in neoplastic disease. The
patient, a 53-year-old male, presented with a 3-month
history of abdominal pain, weight loss of about 10 kg and
generalised jaundice. A computed tomography of the
abdomen revealed multiple disseminated lesions in the
liver, which were interpreted as metastatic disease. A
biopsy specimen was obtained from the liver. Histology
revealed diffuse infiltrates of small pleomorphic tumour
cells coexpressing cytokeratin 7, synaptophysin, chromo-
granin alpha and TTF1 (Fig. 1). The diagnosis of a small-
cell neuroendocrine carcinoma, probably of lung origin,
was made. The patient, therefore, underwent only pallia-
tive treatment. He finally died, with signs of liver failure,
due to progressive neoplastic disease. Autopsy revealed a
greyish-white tumour measuring 2 cm in largest diameter
within the upper lobe of the left lung. There was an
unusually huge hepatomegaly with a liver size of
50�40�18 cm (compared with normal values of
25�18�10 cm). More than 90% of the hepatic tissue
was replaced by disseminated, sometimes merging,
tumour metastases, with a maximum diameter of about
10 cm (Fig. 2). The metastases were relatively sharply
demarcated from the surrounding hepatic tissue and
showed focal haemorrhage and necroses. Altogether, the
total mass of the metastatic tumour within the liver was
estimated to be around 17–18 kg, i.e. about 15% of the
total body weight of 136 kg.
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Fig. 1 Gross appearance of a giant metastatic liver with dissem-
inated infiltrates of a small-cell neuroendocrine lung carcinoma.
More than 70% of the tissue is neoplastic

Fig. 2 Histologically, the tumour consists of closely packed small
pleomorphic cells with hyperchromatic nuclei and scanty cyto-
plasm



To summarise, we here present the case of a 53-year-
old man who died of metastasising neuroendocrine small-
cell carcinoma of the lung. The most impressive feature
was a giant hepatomegaly of nearly 20 kg, more than 90%
of the tissue being neoplastic. This extreme liver weight
seems to be unique, since we found data on liver weights
of “only” up to about 7 kg in the following reported cases:

Hepatocellular carcinoma (6500 g) [1]
MALT lymphoma (6100 g) [3]
Myeloblastic leukaemia (3000 g) [2]
Cirrhosis (4700 g) [4]
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Immunohistochemical staining of protein kinase C isozymes
(bII and d) is helpful to distinguish reactive follicles from follicular
colonization of MALT lymphoma
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Sir,
Protein kinase C (PKC) enzymes play a major role in
signal transduction and contribute to the regulation of
cellular differentiation and proliferation [2]. However,
subtype-specific intracellular expression and distribution
of PKC are not investigated well in human reactive
lymphoid tissues [1]. We tested many antibodies against
11 PKC isozymes (a, bI, bII, g, d, e, z, h, �, q and m), and
only four antibodies against PKC isozymes (a, bII, g and
d) were available for immunostaining with formalin-fixed
paraffin-embedded sections. We investigated the expres-
sion of these four PKC isozymes in five human reactive
lymphoid tissues (two chronic tonsillitis and three reac-
tive lymphadenitis). PKC bII-positive B-cells were found
in the mantle zones and marginal zones, but hardly in the
germinal centers (Fig. 1). PKC d was expressed on
centroblasts and centrocytes in the germinal centers, with
strong positive reaction against PKC d, but on almost no
cells in the mantle zones, marginal zones and interfollic-
ular areas. A small number of cells in interfollicular areas
were positive for PKC a, and almost all cells in the
germinal centers and mantle zones were negative. PKC g-
positive cells were not found in these lymphoid tissues.
Based on the data, we analyzed 17 cases with extranodal
marginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma) to distinguish fol-
licular colonization of MALT lymphoma from reactive
lymphoid follicles. The sites of the obtained specimens
were stomach (14 cases), rectum (1), lung (1) and thyroid
gland (1). Follicular colonization was seen in 13 cases. In
non-neoplastic follicles of MALT lymphoma, PKC bII-
positive cells were found mainly in the mantle zones, and
PKC d-positive cells were found in the centroblasts and
centrocytes in the germinal centers. Neoplastic centro-
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Fig. 1 Immunohistochemistry of protein kinase C (PKC) bII in the
reactive follicle. PKC bII-positive B-cells are seen in the mantle
zone and marginal zone. Original magnification, �100

Fig. 2 Immunohistochemistry of protein kinase C (PKC) bII in the
follicular colonization of MALT lymphoma. Neoplastic cells
showing follicular colonization are positive for PKC bII. Original
magnification, �50



cyte-like cells, which colonize germinal centers of
reactive lymphoid follicles (i.e., follicular colonization)
in MALT lymphoma, were strongly positive for PKC bII
(Fig. 2) and showed weaker reaction to PKC d than
residual germinal center cells (Fig. 3). The weak expres-
sion of PKC d and strong expression of PKC bII were
considered to be characteristic of colonized neoplastic
cells. CD21 reacted with fragmented meshworks of
follicular dendritic cells in colonized follicles, and
centrocyte-like cells were negative for bcl-2 and CD10.
These results indicate that immunostaining for PKC d and
PKC bII, combined with CD21, bcl-2 and CD10, is
helpful to distinguish follicular colonization of MALT
lymphoma from reactive lymphoid follicles.
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Chondroid lipoma is characterized by t(11;16)(q13;p12–13)
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Sir,
Chondroid lipoma is a rare benign tumor of adipose tissue
origin that may mimic myxoid chondrosarcoma and
liposarcoma. Karyotypes from two chondroid lipomas
have been reported so far, both with a t(11;16)(q13;p12–
13) [2, 7]. We report a chondroid lipoma with the same
translocation, including ring chromosomes in a small
fraction of metaphases.

A 72-year-old female presented with diarrhea. Ab-
dominal computed tomography (CT) revealed no intra-
abdominal abnormalities. A left paravertebral intramus-
cular, non-mineralized mass was found. Additional mag-
netic resonance imaging (MRI) was performed. The
sagittal TIR sequence showed a hypo-intense nodule with
a hyper-intense rim, and the T1-weighted images after
gadolinium administration demonstrated a strong homo-
geneous enhancement pattern of the nodule. A tumorec-
tomy was performed. The mass was well defined,
lobulated and yellow, with gelatinous areas, and it
measured 5.0�3.1�2.5 cm. Microscopically, the tumor
was lobulated and surrounded by a thin, fibrous capsule.
One nodule was located outside the capsule. The tumor
cells were arranged in nests and cords. A major part
consisted of small- to medium-sized, slightly eosinophil-
ic, multi-vacuolated cells (Fig. 1a). Some cells presented
with an oval-shaped nucleus, while others showed a

centrally or peripherally located hyperchromatic, scal-
loped nucleus (lipoblast-like) (Fig. 1b). Nucleoli were
inconspicuous. The cytoplasmic vacuoles contained lipid
droplets, confirmed by a positive oil-red-O stain. Mature
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Fig. 1 Hematoxylin and eosin stain, depicting the myxoid to
chondroid matrix (a) and the vacuolated, lipoblast-like appearance
of the tumor cells (b)



adipocytes were present in fewer numbers. Mitoses were
not present. The extracellular matrix was partly composed
of a homogeneous, eosinophilic (chondroid) matrix
(Fig. 1a). Some cells seemed to reside in lacunar spaces.
Myxoid areas were seen as well. Vessels were relatively
frequent, some of which were surrounded by a hyalinized
cuff. Chicken-wire capillaries were absent. Immunohis-
tochemically, the tumor cells showed focal expression of
S-100 protein. No convincing staining for MDM2 was
present. The cells were negative for epithelial markers
(cytokeratin, epithelial membrane antigen).

Metaphases (n=22) were analyzed and showed an
abnormal karyotype: 46,XX,t(11;16)(q13;p13)[20]/47–
48, idem,+2–3 r [cp2] (Fig. 2). Using the combination
of probes specific for MDM2 and CDK4 genes, the
partially overlapping red and green signals were visual-
ized over normal chromosomes 12. The ring chromo-
somes were not labeled.

The histological hallmarks of chondroid lipomas are
nests and cords of uni- and multi-vacuolated adipocytes
within a prominent myxohyaline to chondroid matrix,
resulting in sharply defined cytoplasmic borders [4].
Chondroid lipoma has to be differentiated from myxoid
liposarcoma, due to the presence of myxoid areas and
(pseudo)lipoblasts. However, myxoid liposarcomas have
a delicate plexiform vasculature, do not show a chondroid

matrix and have a typical t(12;16)(q13;p11) translocation,
absent in this case [4, 8]. Other differential diagnostic
possibilities include a mixed/myoepithelial tumor of soft
tissue, extraskeletal myxoid chondrosarcoma and epithe-
lioid schwannoma. A mixed/myoepithelial tumor of soft
tissue should express epithelial markers and shows a
different karyotype [4, 5]. The large number of multi-
vacuolated cells is not characteristic for extraskeletal
myxoid chondrosarcoma [4]. From a cytogenetic point of
view, t(9;22)(q22;q12) and t(9;17)(q22;q11) have been
described in extraskeletal myxoid chondrosarcoma [6].
The tumoral nodule, located outside the capsule, the
pseudolipoblasts and the presence of only focal expres-
sion of S-100 protein exclude an epithelioid schwannoma
[3].

To our knowledge, this is the third case of chondroid
lipoma with reported cytogenetic findings. Our data
confirm the translocations described in the two other
cases. Additional ring chromosomes were seen in a small
fraction of metaphases, a feature that is characteristic for
atypical lipomatous tumors. This could suggest a link
between the presented case and atypical lipomatous
tumors. However, fluorescent in situ hybridization anal-
ysis did not reveal the presence of MDM2 or CDK4 gene
sequences within the rings, the amplification of these
genes being a constant finding in atypical lipomatous

Fig. 2 Gold thioglucose-banded karyotype of chondroid lipoma, showing t(11;16)(q13;p13) as a sole abnormality. Arrows indicate
chromosome breakpoints
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tumors with ring chromosomes [1]. This was corroborated
by the absence of convincing MDM2 staining on
immunohistochemistry. In conclusion, the consistent
presence of a t(12;16)(q13;p13) represents a diagnostic
tool for chondroid lipoma and may, thus, pave the way in
search of the genes involved in the pathogenesis of this
rare tumor.
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1–2 April 2004
Thyroid Pathology for the Practicing Pathologist
15 rue de l’Ecole de Médecine, Paris, France

Join us for a Springtime meeting in Paris!!
A 2-day course will take place in Paris under the auspices of the 
French Division of the I.A.P. This course will be given in English by
Prof. M. Sobrinho-Simoes (Porto) and Prof. R. Heimann (Brussels).
It will consist of lectures alternating with slide reviews and a slide
seminar over a multihead microscope. The slide seminar (on CD)
will be sent before the meeting. The audience will be limited to 22
participants. 
Course fee: 390 euros (320 euros for members of any IAP division).
The fee includes registration, hand-out, CD of the slide seminar
and coffee breaks.

For further information, please contact: 
Mrs. M. Fontanière
Administrative Secretary
French Division of the I.A.P. 32 Cours Albert Thomas
69008, Lyon, France
Fax: 33478754311
E-mail: academie.pathologie@wanadoo.fr

9–12 May 2004
XIV EUROCELLPATH COURSE: The Impact of Proteomics
and Genomics in Pathology
Girona, Spain

The Organising Committee of the next EuroCellPath Course in-
vites you to come to the beautiful city of Girona to enjoy an out-
standing program on a very timely topic, addressed by leading au-
thorities in the field, in an inspiring setting. The subjects covered
in this course will be the following:

● DNA arrays: Methods and Goals
● Tissue Microarrays: A Tool for Rapid, Efficient Translational

Research
● Proteomics: From Genes to Functions
● Tissue Procurement and Handling: Laser Capture Microdissec-

tion and Other Techniques
● Bioinformatic Tools for Array Data Mining
● Application of Array Genomics and Proteomics in Pathology
● Molecular Pathology of Genes and Proteins: What to Look For

and When.
You may also submit your abstracts on these or other related top-
ics, to be presented either as platform or poster during the Course.

For further information, please contact:
Prof. Josep Lloreta-Trull (local organizer) 
Department of Pathology 
Hospital del Mar-IMAS-IMIM 
Universitat Pumpeu Fabra 
Passeig Marítim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es or enter the course website
http://www.tilesa.es/eurocellpath04/

10–14 May 2004 
Diagnostic Histopathology of Breast Disease
Hammersmith Hospital (Imperial College), London, UK

A week-long course designed for pathologists at Consultant and Se-
nior Trainee level. The course provides a comprehensive coverage of
the Histopathology of Breast Disease, with special emphasis on areas
that pose diagnostic difficulties. The participants will be given ample
time to study histological preparations, followed by illustrated dis-
cussion of the cases. There will be special sessions dealing with the
interpretation of core biopsies and fine needle aspirations. There will
also be several daily talks dealing with specific topics, given by emi-
nent breast pathologists and followed by discussion. The topics will
include reporting breast biopsies, immunohistochemistry, receptor
and c-erbB-2 assessment, dealing with the gross specimen, prognos-
tic factors, proliferative lesions/carcinoma in situ, problems in breast
pathology, mucinous lesions of the breast, a practical approach to the
diagnosis of breast lymphomas and molecular pathology including
the morphology of breast cancer associated with BRCA1 & 2 muta-
tion. The faculty will include Ian Ellis, Christopher Elston, Andrew
Hanby, Kristin Henry, Stephen Humphreys, Sunil Lakhani, Andrew
Lee, Naomi Livni, Sarah Pinder and Sami Shousha. 

Further details from:
Wolfson Conference Centre
Hammersmith Hospital
Du Cane Road
London W12 ONN, UK
Tel: (44) 20 8383 3117/3227/3245
Fax: (44) 20 8383 2428
E-mail: wcc@ic.ac.uk

4–5 June 2004
15th Ljudevit Jurak International Symposium 
on Comparative Pathology
(http://www.kbsm.hr/Jurak/symposium.htm), will be held 
in Multimedial center Sestre milosrdnice University Hospital, 
Vinogradska 29, Zagreb, Croatia.

The main symposium topic is head and neck pathology (in-
cluding ophthalmopathology). Symposium includes following
sections: Pathological Morphology of the Human and Animal 
Diseases, Iatrogenic, Environmental and Experimental Pathology,
Herman Jurak Round Table on Rheumatological Pathology, Tele-
pathology on-line conference, Clinical Forensic Pathology, Slide
Seminars in Histopathology and Cytopathology, Quiz on Patho-
logy.

For further information please contact:
Davor Tomas, M.D.
Ljudevit Jurak Clinical Department of Pathology
Sestre milosrdnice University Hospital
Vinogradska 29
10000 Zagreb, Croatia
Phone: 385-1-3787-909
Fax: 385-1-3787-244
e-mail: dtomas@kbsm.hr, juraks@kbsm.hr
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1–11 June 2004
International course on Laboratory Animal Science
Utrecht, The Netherlands

A two week intensive course on laboratory animal science will be
organized at the Department of Laboratory Animal Science – Ut-
recht, The Netherlands in June 2004. This course is organized
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their location. For this purpose, during the
course the acquisition of teaching materials can be discussed with
the course committee.

For information and application forms please contact:
Prof. L.F.M. van Zutphen, PhD or
Mr. Stephan van Meulebrouck, MA
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Tel.: ++31-30-2532033
Fax: ++31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click on “Education and Training”)

11–16 July 2004
ULTRAPATH XII: Conference on Diagnostic Electron 
Microscopy with Surgical, Clinical, and Molecular Pathology
Correlations
Barcelona, Spain

The scientific program will cover diagnostic Electron Microscopy
as well as Diagnostic Pathology – with immunohistochemical and
molecular correlations – and translational research. Renowned ex-
perts in the field from both sides of the Atlantic will present up-
dated comprehensive reviews of significant areas of Pathology. In
addition, a new section of the meeting will be devoted to a Patho-
logy Review Course. Platform and Poster presentations will also
be an important part of the program.

For further information, please contact:
Josep Lloreta-Trull, M.D., Ph.D. (chairman)
Department of Pathology, Hospital del Mar-IMAS-IMIM
Universitat Pompeu Fabra
Passeig Maritim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es.
The Application form and Abstract form can be found on the
meeting website, http://www.tilesa.es/ultrapath04/

27–30 July 2004, London
Practical Pulmonary Pathology

This course is designed to provide histopathology and cytopatho-
logy trainees and consultants with an opportunity to study dia-
gnostic lung pathology in a comprehensive manner. It comprises
lectures and practical microscopy sessions, the latter making up
roughly half the time and consisting of individual study of a
unique collection of cases.

For further details and application forms please contact:
Professor B Corrin, 
Brompton Hospital
London SW3 6NP
Fax: +44 20 7351 8293. 
E-mail: b.corrin@ic.ac.uk

212



Virchows Arch (2004) 444:213–223
DOI 10.1007/s00428-003-0947-3

R E V I E W A R T I C L E

Sigurd F. Lax

Molecular genetic pathways in various types of endometrial carcinoma:
from a phenotypical to a molecular-based classification

Received: 9 October 2003 / Accepted: 23 November 2003 / Published online: 28 January 2004
� Springer-Verlag 2004

Abstract Two types of endometrial carcinoma are dis-
tinguished with respect to biology and clinical course.
Type-I carcinoma is related to hyperestrogenism by
association with endometrial hyperplasia, frequent ex-
pression of estrogen and progesterone receptors and
younger age, whereas type-II carcinoma is unrelated to
estrogen, associated with atrophic endometrium, frequent
lack of estrogen and progesterone receptors and older age.
Histologically, endometrioid and mucinous carcinomas
are considered type I, serous and clear cell carcinomas
type II. Molecular data from multiple studies support the
hypothesis of different genetic pathways in the develop-
ment of endometrioid and serous carcinoma. The most
frequent genetic alteration in endometrioid carcinoma is
PTEN inactivation by mutation, followed by microsatel-
lite instability (MIN) and mutations of K-ras and b-
catenin. PTEN and K-ras mutations and MIN are consid-
ered early events, occurring in a subset of atypical
endometrial hyperplasia, whereas p53 mutation is con-
sidered a late event, during progression of about 10–20%
of endometrioid carcinomas. In serous carcinoma, p53
mutation is the most frequent genetic alteration, followed
by inactivation of p16 and e-cadherin and amplification of
her2/neu. p53 mutation occurs in endometrial intraepi-
thelial carcinoma, the putative precursor of serous carci-
noma. Considering these genetic pathways, the current
histological classification of endometrial carcinoma is
molecular based.

Keywords Endometrial carcinoma · Endometrial cancer ·
Type-I and type-II carcinomas · Molecular pathways ·
Tumorigenesis · Molecular analysis

Introduction

The tumors of the female genital tract show a broad
spectrum of phenotypes, reflecting the variable cellular
differentiation in the mullerian system. The differentia-
tion may be either endometrioid, serous, mucinous,
urothelial or squamous. Endometrioid differentiation
resembles the proliferative or secretory endometrium,
whereas serous differentiation reflects the cell types that
are present in the mucosa of the Fallopian tube and on the
surface of the ovary. Mucin-producing cells are typically
present in the endocervix, and squamous epithelium is
found in the ectocervix and the vagina. A urothelial
differentiation is related to the proximity to the urinary
tract. It is yet unclear where clear cell tumors derive from.
Clear cells are present in tumors of the kidney and the
suprarenal gland, and, thus, clear cell neoplasms of the
female genital tract were, in the past, called “mesoneph-
ric.” However, clear cells with a hobnail appearance also
occur in hypersecretory changes of the endometrium and
may give rise to tumors.

All these phenotypes may occur in endometrial carci-
noma [99]. In the endometrium, the most frequent tumor
type is endometrioid adenocarcinoma, whose histological
variants may show squamous differentiation, a villoglan-
dular pattern or secretory changes or may be composed of
ciliated cells. Serous carcinoma is infrequent compared
with endometrioid carcinoma, but clinically important
due to its poor clinical outcome [16]. Clear cell and
mucinous carcinomas are rare. Of all other tumor types,
such as squamous cell carcinoma, transitional cell carci-
noma and small cell carcinoma, only single cases or small
case studies have been reported. Malignant mixed mul-
lerian tumor (MMMT) may be considered a carcinoma
with cellular dedifferentiation (sarcomatoid carcinoma)
rather than a neoplasm with true biphasic differentiation
[102].
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A dualistic model of endometrial tumorigenesis

Currently, two different pathways are distinguished for
tumorigenesis of sporadic endometrial carcinoma, one
estrogen related and another unrelated to estrogen [41,
84]. These pathways lead to tumor types with a distinctive
phenotype and biological behavior. Tumorigenesis of
hereditary endometrial carcinoma will be discussed
briefly at the end of this article. The majority of sporadic
endometrial carcinomas (at least approximately 70–80%),
designated as type-I carcinomas, follow the estrogen-
related pathway. They seem to arise in the background of
unopposed estrogenic stimulation [64], since they are
associated with endometrial hyperplasia, express estrogen
(ER) and progesterone receptors (PR) [42] and are
associated with elevated levels of serum estradiol [85].
Histologically, most tumors show an endometrioid dif-
ferentiation and are of low grade. In addition, the rare
mucinous adenocarcinomas are also considered type-I
carcinomas, since they usually express ER and/or PR and
are of low histopathological grade. Clinically, type-I
carcinomas are overall characterized by a favorable
behavior. The major cause of hyperestrogenism is endog-
enous overproduction of estrogens due to obesity [20] and
anovulatory cycles during perimenopause and meno-
pause. In addition, estrogens are unopposed, due to the
lack of progestin by decreased ovarian production.
Furthermore, hyperestrogenism may be caused by hor-
mone replacement therapy with only estrogen [104] and
less frequently by polycystic ovary syndrome or estrogen-
producing neoplasm, such as granulosa cell tumor.

About 10–20% of endometrial carcinomas, designated
as type-II carcinomas, follow the estrogen-unrelated
pathway and arise in the background of atrophic endo-
metrium [84]. These tumors usually occur at a higher age,
approximately 5–10 years later than type-I tumors. They
are typically high-grade carcinomas of non-endometrioid
differentiation, most frequently serous, less frequently
clear cell. ER and PR expression is usually negative or
weakly positive [42], and serum levels of estradiol are not
elevated. Serous carcinoma, the prototype of type-II
carcinoma, is frequently associated with endometrial
intraepithelial carcinoma (EIC), which is considered the
putative precursor [5]. EIC may also be found in
proximity to clear cell carcinoma, the other type-II
carcinoma [42]. For both serous and clear cell carcinoma,
an aggressive clinical course and poor prognosis are well
known [3, 16]. In particular, serous carcinoma may show
poor prognosis and extensive extrauterine spread at low
uterine stage [89, 105]. Small cell, undifferentiated and
squamous cell carcinomas may also be encountered
among type-II carcinomas, but little is known about their
tumorigenesis.

There remain open questions, since not all tumors fit
into this dualistic model. It is in debate whether a subset
of endometrioid carcinoma, in particular of high grade,
may be encountered in type-II carcinoma. The fact that
most high-grade endometrioid carcinomas show at least a
weak ER and/or PR expression and often contain well-

differentiated carcinoma foci favors progression along an
estrogen-driven pathway [42, 43]. A subset of low-grade
endometrioid carcinoma with ER and PR expression,
clearly type-I carcinoma, occurs unrelated to estrogen in
the background of atrophic endometrium. Thus, like in
any model, there is evidence for exceptions.

This dualistic model of endometrial tumorigenesis is
based on a hypothesis by Jan Bokhman [8] in 1982, based
solely on clinical observations and clinico-pathological
correlations. It was postulated and subsequently broad-
ened by the inclusion of molecular aspects, first on the
basis of p53 immunohistochemistry by Drs. Sherman and
Kurman [84], approximately a decade later. During the
recent years, the dualistic model was supported by
molecular genetic analyses performed by different groups
[14, 44, 51].

A molecular basis of a dualistic model
for sporadic endometrial carcinoma

A molecular basis for the development of malignant
tumors was introduced by Vogelstein and coworkers
based on the progression of colorectal adenoma to
carcinoma [23]. According to this progression model,
malignant tumors develop through a series of precursor
lesions with cellular atypia and architectural abnormali-
ties, among which the terms dysplasia, carcinoma in situ,
intraepithelial neoplasia and atypical hyperplasia are
encountered, depending on the particular sites. This
process of tumor development is accompanied by a
step-wise acquisition of various genetic alterations, in
particular, mutations of oncogenes and tumor suppressor
genes, and increase in genetic instability. During the
recent years, two distinctive types of genetic alterations
have been postulated, chromosomal instability (CIN) and
microsatellite instability (MIN) [37]. CIN is characterized
by major genetic alterations, in particular, gains and
losses of chromosome arms and whole chromosomes,
respectively [46]. The mechanisms leading to genetic
instability seem to be very complex [4]. It is most likely
that CIN evolves in small steps and is characterized by an
increase of aberrant chromosomal formations from pre-
malignant to invasive malignant lesions. In advanced
cancer, the spectrum of chromosomal aberrations seems
to remain stable for the individual tumor cell, although a
marked cell-to-cell variability occurs. This may be, in
particular, explained by the fact that advanced tumors
have acquired a genotype that is optimal for proliferation,
growth and spread [4]. These major genetic alterations are
frequently accompanied by inactivation of important
regulatory proteins, such as p53, by gene mutations.
However, MIN is characterized by minor genetic alter-
ations, in particular, frame-shift mutations in repetitive
sequences of the genome, the so-called micro- and
minisatellites [63]. Multiple gross chromosomal imbal-
ances are characteristic for CIN, but usually do not occur
in MIN+ tumors [88]. Recently, a minor degree of CIN
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associated with distinctive chromosomal changes has
been found in MIN+ colorectal carcinomas [48].

With respect to the number of altered microsatellites
per tumor, tumors with a high number of alterations
(>20%=MIN-high) are distinguished from tumors with a
low number of alterations (20% and less=MIN-low) [9].
MIN-high was found in about 30% of unselected,
consecutive endometrial carcinomas, whereas MIN-low
was found only in about 3% of tumors of the same series
[25]. Usually, mutations within the repetitive sequences
are repaired by a system (the mismatch repair system) of
various proteins that are able to cut out the mismatching
DNA strain and to replace the incorrect bases [69]. These
proteins, of which MLH1, MSH2 and MSH6 are best
known, can be inactivated by various mechanisms,
particularly, promoter methylation and mutations. In a
recent study, about 70% of the MIN-high cases were
associated with methylation of MLH1, whereas the
remaining 30% of cases revealed unmethylated MLH1
[25]. Of these tumors with unmethylated MLH1, about
15% showed MSH2 mutations, but 60% showed MSH6
mutations, of which almost half were germline mutations.
Thus, MSH6 mutations seem to be a frequent cause of
MIN [25]. MIN can also affect repetitive coding se-
quences within important genes, e.g., for apoptosis, DNA
reparation and cell growth, such as BAX, transforming
growth factor-b II, insulin-like growth factor-receptor II,
etc., which are subsequently inactivated [15, 26]. There-
fore, inactivation of similar genes may occur as in CIN,
but by a different mechanism. It is further worth men-
tioning that during tumor progression, the number of
altered microsatellites increases within MIN-high tumors.
Recently, a third type of genetic instability has been
postulated, which is characterized by diploidy and minor
genetic alterations, in particular, loss of heterozygosity
(LOH), but lacks CIN and MIN [4].

Endometrioid and serous carcinoma, which represent
the major phenotypes of type-I and type-II endometrial
carcinomas, respectively, are characterized by distinctive
types of genetic instability and molecular alterations
(Table 1). For the other infrequent histological types of
endometrial carcinoma, such as mucinous, transitional
cell, small cell and clear cell carcinomas, no larger studies
have been performed, thus far. Unfortunately, no com-
prehensive study on the various types of endometrial
carcinoma has been performed, including immunohisto-

chemistry for various proteins, ploidy analysis, gene
mutation and microsatellite analysis and chromosomal
analysis using comparative genomic hybridization
(CGH). Thus, the present review remains a collage of
data drawn from various studies on different sets of
tumors.

Molecular genetic alterations in endometrioid carcinoma

Endometrioid carcinoma is characterized by a variety of
genetic alterations, in particular, those affecting proteins
bound to the cell membrane and responsible for cell
adhesion and signaling transduction. Currently, the most
frequently altered gene in endometrioid carcinoma is
PTEN, which is located on chromosome 10 and codes for
a protein with tyrosine kinase function [56]. Up to 83% of
endometrioid carcinomas reveal altered PTEN, charac-
terized by loss of expression [58] (Fig. 1A). The under-
lying genetic alteration in cases with lost PTEN expres-
sion and function is mostly mutation and, less frequently,
LOH without mutation [58]. In a subset of about 20% of
tumors with altered PTEN, most of which were high stage
and MIN+, promoter methylation was found [79]. Some
authors found PTEN mutations associated with MIN+
endometrioid carcinomas [96].

MIN is an important genetic alteration in endometrioid
carcinoma and its variants [11, 13, 68], occurring in about
20–45% of tumors [50]. Inactivation of MLH1 by
methylation of the promoter seems to be the most
frequent cause of MIN in sporadic endometrioid carcino-
mas [21, 26, 78, 87], followed by loss of expression of
MSH2 and MSH6 [90, 91]. The mechanism for inactiva-
tion of MSH2 is still not clear, since promoter methyl-
ation and mutations are rare [21, 33, 40]. MSH6 inacti-
vation seems to be almost always caused by mutation
[25].

One of the first genetic alterations described in
endometrial carcinoma, which are present in about 20–
30% of endometrioid carcinomas, are constitutively
activating mutations of the K-ras protooncogene [12,
19]. They are predominantly found in exon 1 (codons 12
and 13) and rarely in exon 2 (codon 61) [82]. K-ras in
different exons, as well as K-ras and PTEN mutations, do
not seem to concur within the same tumor [29].

b-Catenin mutation is present in about 20% of endo-
metrioid carcinomas [74]. b-Catenin, together with e-
cadherin, forms a protein complex, which is associated
with the cell membrane and responsible for cell–cell
adhesion. In addition, b-catenin is important for the signal
transduction pathway in association with the T-cell factor
family. The b-catenin pathway can be activated by
activating b-catenin mutations or by inactivating e-cad-
herin mutations. b-Catenin mutations lead to nuclear
protein overexpression. b-Catenin mutations and a nucle-
ar expression pattern, respectively, were frequently found
in MIN+ and low-grade endometrioid carcinomas [61].
Other investigators detected b-catenin mutation in about
50% of high-grade endometrioid carcinomas [80] and did

Table 1 Comparison of major genetic alterations between type-I
and type-II endometrial carcinomas as analyzed on endometrioid
and serous carcinomas, respectively. For references see text

Genetic alteration Type-I carcinomas Type-II carcinomas

Microsatellite instability 20–40% 0–5%
K-ras mutations 15–30% 0–5%
p53 mutations 10–20% 90%
PTEN inactivation 35–50% 10%
b-catenin mutations 25–40% 0–5%
P16 inactivation 10% 40%
E-cadherin alteration 10–20% 80–90%
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not find association with MIN [38], respectively. Reduced
membranous staining and heterogeneous staining, respec-
tively, for e-cadherin, which is associated either with
mutation or methylation, is found in about 5–50% of
endometrioid carcinomas [28].

p53 mutations were found in a subset of approximately
10–20% of endometrioid carcinomas, which were mostly

grade 3 [44, 66, 67]. Grade 1 carcinomas and atypical
hyperplasia seem to lack mutant p53, and, in grade 2
carcinomas, p53 mutations seem to occur rarely [44]. p53
mutations are almost always associated with aneuploidy
and do not seem to concur with PTEN mutations in the
same tumor [39].

Fig. 1 The major genetic alter-
ations in type-I (A) and type-II
(B) endometrial carcinomas. A
Loss of PTEN expression in a
well-differentiated endometrio-
id adenocarcinoma due to a
point mutation in exon 5 (not
shown). Note the positive im-
munoreactivity in the stroma of
the neoplastic papillae. Peroxi-
dase-antiperoxidase (PAP),
�150. B Overexpression of p53
represented by a strong diffuse
immunoreactivity in a serous
carcinoma of the endometrium.
PAP, �150
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The importance of the cell cycle regulator p16 is
controversial, since its alteration varies dramatically in
several studies, perhaps due to the applied techniques and
interpretation of staining [53, 59, 77, 86]. In a large
population-based study, loss of p16 expression was found
in less than 10% of endometrioid carcinoma [77]. The
underlying mechanism of altered p16 expression is not
clear, since neither methylation nor deletion or mutation
is frequently found [53, 59, 100].

Her2/neu overexpression seems to play a role in 10–
30% of predominantly FIGO [F�d�ration Internationale
de Gyn�cologie et Obst�trique] grade 2 and 3 endome-
trioid adenocarcinoma [30, 65, 107]. Amplification was
more frequently found than overexpression [72]. Altered
expression of the retinoblastoma protein associated with
LOH is found about 20% of endometrioid carcinomas
[83]. In contrast to colorectal carcinoma, DCC alterations
were not found in endometrioid carcinoma [73].

Endometrioid carcinomas with various types of cellular
differentiation

Only a few studies have included small numbers of
endometrioid carcinomas with various types of cellular
differentiation [14, 44, 77]. The available data, thus, have
to be interpreted with caution. The data presented in
Table 2 and Table 3 are drawn from our own previous
analysis [44]. There is evidence that these tumors are
genetically related to usual endometrioid carcinoma, since
the frequencies of molecular alterations are similar if
compared by histological grade. Most data are available
for endometrioid adenocarcinoma with squamous differ-
entiation, which harbors MIN and K-ras and p53 similar
to usual endometrioid carcinoma. p16 inactivation was
found more frequently in endometrioid adenocarcinoma
with squamous differentiation than in usual endometrioid
carcinoma, but the tumors were not analyzed by grade
[77]. Endometrioid carcinoma with mucinous features and
secretory variants of endometrioid carcinoma seem to
reveal frequent MIN [14, 45].

Serous carcinoma

CIN with extensive disorder of the genome and aneu-
ploidy is typical for serous carcinoma [60, 88]. The most
striking genetic alteration, present in about 90% of serous
carcinoma, is p53 mutation [97], which is mostly asso-
ciated with protein overexpression (Fig. 1B). It is still
unresolved as to which carcinogenic influence causes
these frequent p53 mutations. In contrast to endometrioid
carcinoma, MIN is extremely rare among serous carcino-
ma, as is K-ras and PTEN mutation [44, 96, 98]. Thus far,
MIN has only been detected in mixed endometrioid and
serous carcinoma, but not in pure serous carcinomas of
the endometrium [14]. The differences between serous
and endometrioid carcinoma, with respect to MIN and
mutations of p53, K-ras and PTEN, are statistically
significant [44]. Other genetic alterations that seem to
occur more frequently in serous than in endometrioid
carcinoma are inactivation of p16 and overexpression of
her2/neu. Unfortunately, serous and clear-cell carcinomas
were not analyzed separately by most investigators. In
one study, p16 inactivation was found in about 45% of
serous carcinomas, including some clear cell carcinomas.
her2/neu overexpression and gene amplification were
found in about 45% [27, 72] and 70% [72] of serous
carcinomas, respectively. Furthermore, negative and re-
duced e-cadherin expression, which is often associated
with LOH, occurred in 62% and 87%, respectively, of
serous carcinomas (including some clear cell carcinomas)
[28, 54]. However, alteration and overexpression of b-
catenin is rare in serous carcinoma [61, 80].

Clear cell carcinoma

Thus far, no molecular study on endometrial carcinoma
that included a sufficient number of clear cell carcinoma
has been published. In various studies, a small number of
clear cell carcinomas were analyzed, together with serous
carcinomas. Thus, it has been speculated that clear cell
carcinoma is similar to serous carcinoma on the molecular

Table 2 Comparison of p53 and K-ras mutations and microsatellite instability (MIN) between endometrioid carcinoma and endometrioid
carcinoma with various types of cellular differentiation [42]. NS not significant

Genetic alteration Endometrioid
grade 1, 2

Low-grade squamous
and mucinous

Endometrioid
grade 3

High-grade
squamous

P value

(n=31) (n=12) (n=10) (n=4)

p53 mutation 3% 0 40% 50% 0.0086
K-ras mutation 23% 42% 20% 25% NS
Microsatellite instability 26% 25% 30% 50% NS

Table 3 Comparison of p53
and K-ras mutations and mi-
crosatellite instability (MIN)
among endometrioid carcinoma
with various types of cellular
differentiation [42] NS not sig-
nificant

Genetic alteration Low-grade squamous High-grade squamous Mucinous P value
(n=7) (n=4) (n=5)

p53 mutation 0 50% 0 0.0024
K-ras mutation 57% 25% 20% NS
Microsatellite instability 14% 50% 40% NS
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level, particularly, since there are overlaps in biology,
clinical behavior and histology. Based on immunohisto-
chemical results, there was evidence that p53 alterations
play a minor role compared with serous carcinoma [42].
This seems to be confirmed by mutation analysis [45]. In
contrast to serous carcinoma, MIN and PTEN inactivation
seem to be rarely found in clear cell carcinoma. As in
serous carcinoma, K-ras mutation seems to be absent.
EGF-R was frequently overexpressed in a small number
of clear cell carcinomas [34].

A progression model for endometrioid carcinoma

There is evidence that the development of endometrioid
carcinoma resembles the Vogelstein progression model
for colorectal carcinoma (Fig. 2). This hypothesis is
supported by the facts that (1) some of the genetic
alterations that are found in endometrioid carcinoma are
already present in atypical hyperplasia, its immediate
precursor lesion; (2) an increase of genetic alterations is
found in well-differentiated endometrioid carcinoma
compared with atypical hyperplasia; (3) the number of
genetic alterations increases according to higher histo-
pathological grade; and (4) a higher number of chromo-
somal aberrations is found in endometrial carcinoma
compared with atypical hyperplasia, using CGH.

Thus far, a progression from simple to complex
hyperplasia and, subsequently, to atypical hyperplasia
and carcinoma is assumed. Most simple hyperplasias and
a subset of complex hyperplasias are polyclonal and, thus,
considered reactive processes due to hyperestrogenism,
which may regress through progestin treatment [57]. In
contrast, most atypical hyperplasias are monoclonal and,

thus, considered intraepithelial neoplasias [57]. It is likely
that a subset of complex hyperplasia without atypia is
neoplastic, too, since it is monoclonal. In addition, the
number of chromosomal imbalances in complex hyper-
plasia is significantly higher than simple hyperplasia and
close to the number found in atypical hyperplasia [35].
Since only a part of simple hyperplasias progresses to
carcinoma, it is likely that a subset of atypical hyperplasia
and endometrioid carcinoma, respectively, arises de novo.

Most of the genetic alterations found in endometrioid
carcinoma seem to occur very early in endometrioid
tumorigenesis, although it is not clear which are associ-
ated with the earliest changes of malignant transformation
and progression to neoplasia. In atypical hyperplasia
alterations of PTEN, b-catenin, K-ras and MIN are
present, of which PTEN inactivation occurs in about 50%
of the cases [57]. K-ras mutations [18] and MIN [22, 47]
were found in atypical hyperplasia adjacent to endome-
trioid carcinoma. However, PTEN and K-ras mutations
seem to occur earlier, since they were found in simple
hyperplasia, partially in association with monoclonality
[95]. PTEN inactivation was reported in normally ap-
pearing endometrial glands, but the significance of this
finding has not yet been determined [58]. Recently,
methylation of MLH1 promoter was found in adjacent
non-neoplastic endometrium of MIN+ endometrioid car-
cinomas [32]. E-cadherin expression is normal in endo-
metrial hyperplasia without atypia [76], but altered in
40% of atypical hyperplasia, without showing promoter
methylation [54]. It is likely that mutation and methyl-
ation of e-cadherin predominantly occurs during the step
from atypical hyperplasia to endometrioid carcinoma.

The inactivation of the e-cadherin gene by methylation
also seems to play a role during progression of endome-
trioid carcinoma, since it is most frequently found in
grade 3 and least frequently in grade 1 tumors. In
addition, p53 mutations [44], amplification and overex-
pression of her2/neu [72] and p16 inactivation are
considered late events during progression and dediffer-
entiation of endometrioid carcinoma, since they are
predominantly found in grade 3 tumors, rarely in grade
1 tumors and are absent in atypical endometrial hyper-
plasia [30]. Hypothetically, p53 mutations and her2/neu
amplification might also be early events in de novo
occurring poorly differentiated endometrioid carcinomas,
detouring atypical hyperplasia and low-grade carcinoma
on an alternative pathway (Fig. 2).

A progression model for serous carcinoma

Mutations of p53 were found in about 80% of endometrial
intraepithelial carcinoma (EIC), the putative precursor of
serous carcinoma [97], but in contrast to most serous
carcinoma without LOH at the locus TP53 (Fig. 3). Thus,
it was hypothesized that p53 mutation of one allele occurs
early during the development of serous carcinoma’s
precursor, whereas loss of the normal second allele
accompanies progression into serous carcinoma [97].

Fig. 2 A putative progression model for endometrioid adenocarci-
noma developing through atypical endometrial hyperplasia. Tumor
initiation and progression are characterized by acquisition of
various molecular alterations of which the most frequent is
inactivation of PTEN by mutation. An alternative pathway may
directly lead to a high-grade tumor type by p53 mutation and her2/
neu amplification, respectively. NE normal endometrium, EH
endometrial hyperplasia without atypia, AH atypical endometrial
hyperplasia, EIN endometrial intraepithelial neoplasia, EC endo-
metrioid carcinoma (grade 1–3)
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Another group hypothesized that serous carcinoma may
develop from endometrioid carcinoma through p53 mu-
tation based on findings in mixed endometrioid and
serous carcinomas [51]. It is not clear whether other
genetic alterations that are present in serous carcinoma
occur early during tumorigenesis, since no analyses on
EIC exist.

Prognostic and diagnostic relevance
of molecular changes in endometrial carcinoma

p53 and PTEN alterations and her2/neu overexpression
showed prognostic significance in several studies, but not
independent from histological type and grade [24, 36, 49,
52, 70, 75]. Compared with molecular alterations, histo-
logical type and surgical stage are still the strongest
prognosticators. Some alterations concur with the histo-
logical type. p53 mutation and her2/neu overexpression
are associated with poor prognosis and non-endometrioid
type. MIN+ seems to be associated with favorable
prognosis, but occurs almost exclusively in type-I tumors
[14, 52]. With respect to PTEN, the literature is contro-
versial. Loss of PTEN is associated with favorable
prognosis and low-grade endometrioid type [70]; howev-
er, promoter methylation of PTEN seems to be associated
with advanced stage disease [79]. The prognostic value of
K-ras mutations seems to depend on age [31]. Among
endometrioid carcinoma, the number of genomic aberra-
tions and particular chromosomal changes as determined
by CGH seem to have prognostic influence [93]. Due to
the lower costs, immunohistochemical analyses of the
protein expression are currently preferred to genetic
analyses.

Immunohistochemical expression of oncoproteins may
also be of diagnostic value. In particular, p53 immuno-
histochemistry is valuable for diagnosis of serous carci-
noma, since an intensive mostly diffuse immunoreactivity
is found in about 85–90% of tumors [42]. This might be
helpful for the differential diagnosis of papillary endo-

metrial tumors, i.e., papillary endometrioid and serous
carcinoma. In addition, most serous carcinomas are
negative or only weakly positive for estrogen and
progesterone receptors and show a high Ki-67 staining
index (40–50% of nuclei) [42]. However, it has to be
taken into account that a negative p53 staining does not
exclude p53 mutations. Frameshift mutations and stop
codons lead to a truncated protein, which is not detected
by antibodies and leads to flat negative immunohisto-
chemistry [44, 97]. However, any kind of p53 immuno-
reactivity does not necessarily predict the presence of p53
mutation [92].

Endometrial carcinoma associated
with hereditary syndromes

Compared with sporadic tumors, less is known about the
genetic background of hereditary endometrial carcinoma.
Most data are drawn from studies on the hereditary
nonpolyposis colorectal cancer (HNPCC) syndrome [94,
101, 103]. Some investigators report that, in HNPCC
patients, endometrial carcinoma occurs in approximately
the same frequency as colorectal carcinoma and may
precede its onset [1, 2]. Others state that colorectal
carcinoma occurs about ten times more frequently [10].
HNPCC is usually associated with germline mutations of
the mismatch repair proteins MLH1, MSH2 and MSH6
[106]. In endometrial compared with colorectal carcino-
ma, the molecular mechanisms seem to be different with
respect to the altered protein. In endometrial carcinomas,
inactivation of the MSH2/MSH6 complex seems to play a
central role in tumorigenesis [81], even in MLH1 carriers.
The endometrial carcinomas arising in HNPCC are
related to type-I tumors, since they occur at young age
and are histologically of mucinous or endometrioid type
[62], but their pathway is driven by germline mutations
and is, thus, distinctive. In MSH2 mutation carriers,
unlike in MLH1 carriers, a MSI-H status was already
present in endometrial hyperplasia without atypia [17].
However, loss of protein expression seems to occur
frequently for both MLH1 and MSH2 in endometrial
hyperplasia and is considered an early event during tumor
development [7]. PTEN inactivation by mutation seems to
be also involved in tumorigenesis, since it occurs in about
90% of carcinomas [108].

Future aspects

The development of new technologies provides new
perspectives and better tools to comprehensively study
cancer than have been possible, thus far [6]. In particular,
the cDNA microarray technology allows one to analyze
the regulation of thousands of genes within the same
tumor. In combination with matrix CGH and tissue arrays,
a comprehensive analysis of endometrial carcinomas of
various histological and biological types with known
clinical behavior will be possible. Two recent compara-

Fig. 3 A putative progression model for serous carcinoma arising
from endometrial intraepithelial carcinoma in the background of
atrophic endometrium. The major genetic alterations are p53 and e-
cadherin mutations
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tive analyses between endometrioid and serous carcino-
mas using cDNA microarrays showed significant differ-
ences with respect to up- and downregulated genes [55,
71]. Nevertheless, an enormous amount of work remains
to be done to clearly understand the biological processes
behind the development of endometrial carcinomas. A
major goal for the future might be a further stratification
of endometrial carcinoma subtypes according to their
genetic alterations, particularly, those with prognostic
impact. Thus, future histological classifications will
become more molecular based as is the current, but this
should not lead to waiver of a solid histological basis.
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Abstract Previous studies have shown that mucin expres-
sion can be used to evaluate differentiation patterns of
gastric carcinoma: MUC5AC expression is associated with
diffuse type and early gastric carcinomas, and MUC2
expression is associated with mucinous gastric carcinomas.
The role played by MUC5B in the evaluation of differ-
entiation and biological behaviour of gastric carcinoma is
largely unknown. Our aim was to characterise the pattern
of expression of mucins MUC1, MUC2, MUC5AC,
MUC5B and MUC6 in a series of 50 gastric carcinomas
to evaluate whether MUC5B expression was associated
with the clinico-pathological characteristics of the cases
and/or with the co-expression of other mucins. A panel of
six monoclonal antibodies (HMFG1, SM3, PMH1, CLH2,
EU-MUC5Ba and CLH5) was used to determine the
expression of mucins (MUC1, MUC1 underglycosylated
form, MUC2, MUC5B, MUC5AC and MUC6, respective-
ly) using immunohistochemistry. Cases were considered
positive if more than 5% of the cells expressed immuno-
reactivity for the several mucins evaluated. Our results
showed that: (a) expression of MUC5B was observed in 11

cases (22.0%) and was associated with the “unclassified”
histological type of gastric carcinoma according to Laur�n
(P=0.03) and with the absence of venous invasion
(P=0.02); (b) in this series, MUC5B expression had no
impact on survival of patients with gastric carcinoma; (c)
the expression of MUC5B was associated with the co-
expression of MUC5AC (P=0.02) and (d) none of the
cases with the so-called complete intestinal phenotype of
mucin expression expressed MUC5B.

Keywords MUC5B · MUC5AC · Mucins · Venous
invasion · Gastric carcinoma

Introduction

Mucins are high-molecular-weight glycoproteins that are
synthesised by secretory epithelial cells as membrane or
secreted proteins. Thus far, at least 14 mucin genes have
been identified that code for mucin proteins. They are
designated MUC1 [19, 27], MUC2 [20], MUC3 [21],
MUC4 [38], MUC5AC [1, 22], MUC5B [17], MUC6
[48], MUC7 [7], MUC8 [45], MUC9 [28], MUC11,
MUC12, MUC13 [51] and MUC16 [52]. Mucin genes are
expressed in a regulated cell- and tissue-specific manner.
Numerous studies have demonstrated that mucin expres-
sion is altered during the pathogenesis of neoplastic
diseases, which suggests that human mucin gene expres-
sion is regulated in terms of cell- and tissue-specific
expression and that they may play important roles during
cell differentiation and carcinogenesis [26].

Human stomach provides a good example of differen-
tial expression of mucin genes. In normal stomach,
MUC1 is detected in mucous cells of the surface
epithelium and neck regions of the gastric antrum, as
well as in pyloric glands and oxynthic glands of the body
region [23, 24, 41]. MUC5AC is highly expressed in
foveolar epithelium of both antrum and body [2, 8, 24,
39], whereas MUC6 protein expression is limited to
mucous neck cells of the body and pyloric glands of the
antrum [6, 8, 10, 11, 24, 42]. In gastric carcinoma, the
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mucin expression is heterogeneous. It includes mucins
normally expressed in gastric mucosa (MUC1, MUC5AC
and MUC6) and de novo expression of the intestinal
mucin MUC2 [5, 11, 23, 24, 40, 42, 44, 49].

The heterogeneous pattern of mucin expression may
provide insights into the differentiation pathways of
gastric carcinoma. The pattern of mucin expression may
also help to understand the biological behaviour of the
distinct clinico-pathological entities of gastric carcinoma
according to tumour location, proximal versus distal
lesions. Previous studies have shown that MUC5AC
expression in gastric cancer is associated with diffuse type
carcinomas and early gastric carcinomas, and that de novo
expression of MUC2 is associated with mucinous carci-
nomas and with the location in the cardia [37, 39, 40, 42].
The role of the aforementioned mucins expression in the
evaluation of prognosis of gastric carcinoma is not yet
fully established [30, 37].

Four of the mucin genes, MUC2, MUC5AC, MUC5B
and MUC6, have been mapped to 11p15.5 on a single
band of 400 kb [35]. MUC5B gene is 39.09 kb in length,
contains 49 exons and encodes a 5701-amino-acid poly-
peptide with a molecular range of approximately 627,000
[12, 13, 15, 50]. The mucin MUC5B is expressed mainly
in trachea and bronchus glands and also in submaxillary
glands, endocervix, gall bladder and pancreas [3, 4, 14].
Under normal conditions, there is no MUC5B expression
in the adult stomach. According to some studies, MUC5B
was detected in the period between 8 weeks and 27 weeks
gestation in the embryonic stomach, but after that no
MUC5B could be consistently detected [8]. Interestingly,
MUC5B is expressed de novo in gastric mucosa only in
cases of gastric carcinoma [8, 33]. The full coding
sequence of the MUC5B gene has recently been obtained,
but despite the recent ongoing investigation [12, 13, 15,
33, 50], the role played by MUC5B in the evaluation of
differentiation and biological behaviour of gastric carci-
noma remains largely unknown.

In this study, we evaluated the role of MUC5B
expression in gastric carcinoma using a novel monoclonal
antibody EU-MUC5Ba [43]. Our aim was to characterise
the pattern of expression of mucins MUC1, MUC2,
MUC5AC, MUC5B and MUC6 in a series of gastric
carcinomas to evaluate if MUC5B expression was asso-
ciated with the clinico-pathological characteristics of the
cases and/or co-expression of other mucins.

Materials and methods

Tissue samples and histopathological study

Surgical specimens from 50 gastric carcinomas were evaluated
retrospectively. The 50 patients were submitted to surgical resec-
tion of gastric carcinoma in Servi�o Cirurgia B, Hospital S. Jo¼o,
between January 1988 and December 1990. Selected cases were
classified as cardia carcinoma, fundus/body and antrum carcinomas
according to the tumour location, following the criteria described in
a previous study [36]. Mean age and gender were also recorded.

Carcinomas were considered according to Laur�n’s classifica-
tion [29]. The growth pattern was classified according to Ming [31].
Orcein-stained sections were used for the detection of venous
invasion, which was scored as absent or present. Lymphatic vessels
invasion was scored as absent or present. The depth of wall
penetration and nodal status were also recorded. The 1997 version
of the UICC (International Union Against Cancer) pTNM system
was employed to stage the carcinomas [46].

Antibodies and immunohistochemistry

The characterisation of monoclonal antibodies is documented
in Table 1. The expression of MUC1, underglycosylated form
of MUC1, MUC2, MUC5AC and MUC6 mucins was studied using
immunohistochemistry with monoclonal antibodies (HMFG1,
SM2, PMH1, CLH2, and CLH5, respectively) according to the
methodology described in a former study [37].

The monoclonal antibody EU-MUC5Ba was used to detect
MUC5B [43]. Sections from the surgical specimens representative
of the carcinomas were immunostained using avidin-biotin-com-
plex staining. The paraffin sections were de-waxed and rehydrated.
Sections were treated with 0.3% hydrogen peroxide in methanol for
30 min, to block endogenous peroxidase, followed by incubation
with normal non-immune serum for 20 min. Sections were rinsed
with Tris-buffered saline (TBS) and incubated with primary
antibodies overnight at 4�C. Sections were rinsed and incubated
with a biotin-labelled rabbit anti-mouse secondary antibody, diluted
1:200 in TBS for 30 min, then rinsed and incubated with avidin-
biotin-peroxidase complex for 1 h. Sections were rinsed and stained
for 7 min with 0.05% 303diaminobenzidinetetrahydrochloride
freshly prepared in 0.05 M Tris/hydroxymethylaminomethane
buffer, pH 7.6, containing 0.1% hydrogen peroxide. Sections were
counterstained with hematoxylin, dehydrated and mounted. All
series included normal human tissues as positive controls (minor
salivary glands were used as a positive control for MUC5B).
Negative controls were performed using conjugate alone.

Classification of immunohistochemistry

Cases were classified according to the immunostaining for the
mucins evaluated (MUC1, MUC2, MUC5AC, MUC5B and MUC6)
in two groups: negative (negative or rare/less than 5% of positive
cells) and positive (positive in more than 5% of the cells).

Table 1 Characterisation of
monoclonal antibodies used to
identify the mucins evaluated

Monoclonal
antibody

Specificity Dilution Reference

HMFG1 MUC1 (tandem repeat) 1:4 (Taylor-Papadimitriou et al. 1981) [47]
SM3 MUC1 (under glycosylated

tandem repeat)
Undiluted (Burchell et al. 1987) [9]

PMH1 MUC2-GalNAc 1:2 Reis et al. 1998 [42]
CLH2a MUC5AC 1:5 Reis et al. 1997 [40]
EU-MUC5Ba MUC5B 1:2 Rousseau et al. in press [43]
CLH5b MUC6 1:5 Reis et al. 2000 [39]

a Code number NCL-MUC-5AC from Novocastra Laboratories Ltd., UK
b Code number NCL-MUC-6 from Novocastra Laboratories Ltd., UK
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According to the combination of mucins expression, several
“phenotypes” of mucin expression in gastric carcinoma cases were
considered: gastric “phenotype”, if carcinomas expressed MUC5AC
and/or MUC6 but not MUC2; complete intestinal “phenotype”, if
carcinomas expressed MUC2 but neither MUC5AC nor MUC6
mucins; and incomplete intestinal “phenotype”, if carcinomas
expressed MUC2 and MUC5AC or MUC6 mucins [32].

Survival analysis

Survival data was obtained from the Cancer Registry and from the
data of esophagogastric follow-up consultation of Hospital S. Jo¼o,
with a follow-up of 100% of the patients. Cumulative survival was
evaluated according to the staining for each of the mucins
evaluated.

Statistical analysis

StatView 5.0 and SPSS 11.0 for Windows computer programs were
employed in the statistical analysis of data. Distributions were
compared using the chi-squared test or by the Fisher’s exact test
whenever appropriate. Cumulative survival curves were obtained
using the Kaplan-Meier limit product [25] and compared using the
log rank test. Significance was assumed if P values were less than
0.05.

Results

MUC5B expression was never detected in normal adult
human gastric mucosa or in mucosa with intestinal
metaplasia in the vicinity of gastric carcinomas.

In the present series, the mucin MUC5B was expressed
in 11 of the 50 (22%) surgical specimens of gastric
carcinomas analysed using immunohistochemistry
(Fig. 1). Of gastric carcinomas in our series, 45 cases
(90%) expressed MUC1, 24 (48%) expressed the under-
glycosylated form of MUC1, defined by SM3 antibody,
16 (32%) expressed MUC2, 25 (50%) expressed MU-
C5AC and 16 cases (32%) expressed MUC6.

Association between MUC5B expression
and clinico-pathological parameters
and cumulative survival of gastric carcinoma patients

Significant differences were observed according to
MUC5B expression and Laur�n’s classification of gastric
carcinomas (P=0.03). The expression of MUC5B in
unclassified gastric carcinomas (57.1%) was higher than
in intestinal or diffuse carcinomas (11.1% and 21.4%,
respectively) (Table 2).

Significant differences were also observed in the
distribution of cases according to the expression of
MUC5B and venous invasion (P=0.02). The percentage
of carcinoma cases with venous invasion expressing
MUC5B (4.8%) was lower than that of cases without
venous invasion (34.5%).

Mean age of the whole population was 58.5€13.7 years,
and median age was 60 years. Mean age of patients with
carcinomas expressing MUC5B (59.0€13.2 years) was
not significantly different from that of those not express-
ing MUC5B (56.7€16.1 years).

No significant differences were observed in the distri-
bution of cases according to the expression of MUC5B
and gender of the patients, location of the tumour or
Ming’s classification (Table 2). No significant differences
were observed in the distribution of cases according to the
expression of MUC5B and the tumour depth of wall
penetration, lymphatic vessels invasion and nodal status
(Table 2).

Median follow-up time was 49 months (range 1–
159 months). During the study, 31 patients (62%) died.
Among these were 25 patients with carcinomas not
expressing MUC5B (64.1%) and 6 patients with carcino-
mas expressing MUC5B (54.5%). For patients with
carcinomas not expressing MUC5B (37.7%), 5-year
survival was not significantly different than that of those
with carcinomas expressing MUC5B (40.0%) (P=0.59).
Subdivision of positive cases according to the percentage
of positive cells generated groups with a very small
number, which did not allow statistical comparisons (data
not shown).

Fig. 1 Immunoreactivity for MUC5B mucin in two cases (A, B) of gastric carcinoma
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Association between expression of MUC5B
and expression of mucins MUC1, MUC2, MUC5AC
and MUC6

Table 3 documents co-expression of MUC5B and
mucins MUC1, MUC2, MUC5AC and MUC6 in gastric
carcinomas. A significant association in the expression
of MUC5B and MUC5AC in gastric carcinoma cases
was observed (P=0.02). Of the cases without expression
of MUC5AC, 92% also did not express MUC5B. In the
group of carcinomas with expression of MUC5AC, nine
cases (36%) also expressed MUC5B. No signifi-
cant association or agreement was observed in the
study between the expression of MUC5B and that of
MUC1, MUC2 and MUC6 in gastric carcinoma cases
(Table 3).

Table 4 documents the association between the mucin
“phenotype” and immunoreactivity for MUC5B. No
significant association was observed between MUC5B
expression and the presence of gastric mucin “pheno-
type”. None of the cases with the so-called complete
intestinal “phenotype” (MUC2 immunoreactivity with
absent MUC5AC and MUC6 expression) expressed
MUC5B. No significant association was observed be-

tween MUC5B and the so-called incomplete intestinal
“phenotype” (MUC2 and MUC5AC or MUC6 expres-
sion), as well as between MUC5B and the absence of
MUC2, MUC5AC and MUC6 expression.

Discussion

In this study, we evaluated MUC5B expression in gastric
cancer using a novel monoclonal antibody, EU-MUC5Ba.
Both the normal mucosa of the stomach and the gastric
mucosa with intestinal metaplasia are not immunoreactive
for EU-MUC5Ba, and MUC5B was expressed in 22% of
gastric carcinoma cases.

In human stomach, MUC5B is expressed only during a
brief period of foetal life [8]. MUC5B expression in
human stomach is always aberrant, or de novo, and is only
observed in cases of gastric carcinoma [8, 33]. These
observations suggest that aberrant MUC5B expression
might be viewed as an oncofetal marker in the adult and
might, therefore, constitute a valuable tool in the diag-
nosis of gastric carcinoma in the future.

Table 3 Co-expression between MUC5B and mucins MUC1,
MUC2, MUC5AC and MUC6

MUC5B Expression P value

Mucin expression Negative Positive

n (%) n (%)

MUC1

Negative 4 (80.0) 1 (20.0) 0.9
Positive 35 (77.8) 10 (22.2)

MUC1 underglycosylated

Negative 20 (76.9) 6 (23.1) 0.85
Positive 19 (79.2) 5 (20.8)

MUC2

Negative 27 (79.4) 7 (20.6) 0.73
Positive 12 (75.0) 4 (25.0)

MUC5AC

Negative 23 (92.0) 2 (8.0) 0.02
Positive 16 (64.0) 9 (36.0)

MUC6

Negative 28 (82.4) 6 (17.6) 0.28
Positive 11 (68.8) 5 (31.2)

Table 4 Association between mucin “phenotype” and MUC5B
expression. IM intestinal mucin

Mucin “phenotype” MUC5B Expression P value

Negative Positive

n (%) n (%)

Gastric 17 (77.3) 5 (22.7) 0.18
Complete IM 7 (100.0) 0 (00.0)
Incomplete IM 5 (55.6) 4 (44.4)
Negative MUC2,

MUC5AC and MUC6
10 (83.3) 2 (16.7)

Table 2 Summary of MUC5B expression in gastric carcinoma
according to clinical and pathological characteristics

Parameters MUC5B Expression P value

Negative Positive

n (%) n (%)

Gender (n=50) 0.97

Male 25 (78.1) 7 (21.9)
Female 14 (77.8) 4 (22.2)

Tumour site (n=50) 0.94

Cardia 9 (75.0) 3 (25.0)
Fundus/body 10 (76.9) 3 (23.1)
Antrum 20 (80.0) 5 (20.0)

Laur�n’s classification (n=50) 0.03

Intestinal 24 (88.9) 3 (11.1)
Diffuse 11 (78.6) 3 (21.4)
Unclassified 3 (42.9) 4 (57.1)

Ming’s classification (n=48) 0.65

Expansive 12 (80.0) 3 (20.0)
Infiltrative 25 (75.8) 8 (24.2)

Venous invasion (n=50) 0.02

Absent 19 (65.5) 10 (34.5)
Present 20 (95.2) 1 (4.8)

Depth wall penetration (n=50) 0.46

T1–2 26 (74.3) 9 (25.7)
T3–4 13 (86.7) 2 (13.3)

Lymphatic vessels invasion
(n=50)

0.69

Absent 5 (55.6) 4 (44.4)
Present 34 (82.9) 7 (17.1)

Nodal metastases (n=50) 0.66

Absent 13 (72.2) 5 (27.8)
Present 26 (81.3) 6 (18.7)
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The present study contributed to clarify the role of the
expression of MUC5B in the differentiation and in the
biological behaviour of gastric carcinoma. Our results
showed that MUC5B expression is associated with the
differentiation of gastric carcinoma, with absence of
venous invasion and with co-expression of the gastric
mucin MUC5AC.

In the present series, MUC5B was aberrantly ex-
pressed in 22% of the gastric carcinoma cases. This
percentage is lower than the 60–66.7% of positive cases
reported by other authors, in two small series of five
or six cases, respectively [8, 33]. The frequency of
MUC5B expression in our study was lower than the
frequency of expression of other mucins, whose codify-
ing genes are located in the same chromosome: MUC2
was expressed in 32% of the cases of gastric carcinoma,
MUC5AC was expressed in 50% and MUC6 was
expressed in 32%.

In our series, MUC5B expression was associated with
an absence of venous invasion. Of the gastric carcinoma
cases with venous invasion, 95% did not express MUC5B.
To the best of our knowledge, this is the first time an
association between venous invasion and the expression
of MUC5B has been established.

Our results show a lack of association between
MUC5B expression and parameters associated to gastric
carcinoma prognosis, such as the depth of gastric wall
penetration, lymphatic vessels invasion and the presence
of lymph-node metastases. To the best of our knowledge,
this is the first study addressing the influence of MUC5B
expression in the survival of patients with gastric carci-
noma. The results of both this series and also of a
previous study [37] suggest that, at present, mucin
expression in gastric carcinoma should be regarded as
an indicator of carcinoma differentiation rather than as a
determinant of prognosis. Namely, MUC5AC is associ-
ated with diffuse-type gastric carcinoma, MUC2 is
associated with mucinous-type gastric carcinoma and
MUC5B is associated with unclassified gastric carcino-
mas.

In our study, an association between the expression of
MUC5B and MUC5AC was observed (Table 3). We did
not observe an association between the expression of
MUC5B and the other mucin genes mapped on the
chromosome 11p15 (MUC2 and MUC6). The significant
association between MUC5B and MUC5AC expression is
in accordance with the speculation that both genes may
have evolved from a common ancestral gene [13, 18]. The
lack of association between the expression of MUC5B
and the co-expression of MUC2 and MUC6 may suggest
that these genes, although closely located on the same
chromosome, are regulated by different and not-yet
understood mechanisms [13, 14, 15, 16, 34].

Our results showed no significant association between
MUC5B expression and the “phenotype” of mucin
expression (Table 4), although no cases of complete
intestinal mucin “phenotype” gastric carcinoma expressed
MUC5B. In our series, MUC5B expression was present
both in cases with gastric and incomplete intestinal

“phenotype”. The aforementioned association of MUC5B
expression with unclassified type of gastric carcinomas
may help to understand the lack of cases with complete
intestinal “phenotype” expressing MUC5B.

In summary, this study evaluated the aberrant expres-
sion of MUC5B in gastric carcinomas with a novel
monoclonal antibody, EU-MUC5Ba. Our results showed
that MUC5B expression was associated with gastric
carcinoma differentiation and identified for the first
time an association with an absence of venous invasion.
MUC5B expression was associated with the co-expres-
sion of MUC5AC but not with MUC1, MUC2 and
MUC6. The observed association between MUC5B and
MUC5AC may suggest that both genes share more than
their close localisation on the chromosome 11p15.
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Abstract We investigated tumor-free mucosa and squa-
mous cell carcinomas of the oral cavity, the pharynx, and
larynx with respect to the presence of stromal CD34+

fibrocytes and a-smooth muscle antigen (SMA)-positive
myofibroblasts. Additionally, stromal expression of
CD117 was analyzed. A total of 39 squamous cell
carcinomas were assessed immunohistochemically. In all
cases investigated, CD34+ fibrocytes were found in the
tumor-free stroma, whereas a-SMA-positive myofibrob-
lasts were lacking. Areas of lymphocytic infiltration
disclosed a focal reduction of CD34+ fibrocytes. CD117
expression was absent from the tumor-free stroma. Of 39
squamous cell carcinomas, 33 were free of stromal CD34+

fibrocytes, and, in 31 carcinomas, stromal a-SMA-posi-
tive myofibroblasts occurred at least focally. CD117-
positive stromal spindle cells were found in 25 carcino-
mas. Compared with tumor-free mucosa, the number of
tissue mast cells was significantly increased in carcino-
mas. We conclude that stromal remodeling induced by
invasive carcinomas is characterized by a loss of CD34+

fibrocytes and subsequent gain of a-SMA-positive my-
ofibroblasts. The diagnostic impact of this finding is,
however, limited by the fact that chronic inflammation
may also be accompanied by a focal loss of CD34+

fibrocytes.

Keywords Fibrocytes · Myofibroblast · Larynx ·
Pharynx · Invasive squamous cell carcinoma

Introduction

With respect to their cellular composition, tumor-laden
and tumor-free stroma are clearly distinct. These differ-
ences are widely independent of the anatomical site and
histological type of carcinoma and consist of a loss of
CD34+ fibrocytes and a subsequent gain of a-smooth
muscle antigen (SMA)-positive myofibroblasts [2, 3, 4, 6,
12, 17]. CD34+ fibrocytes appear to be constitutive
elements of the connective tissue in a multitude of
anatomical sites, such as the skin [12], the breast [3, 6],
the gastrointestinal tract [2, 14, 15], and the cervix [4]. In
all of the aforementioned locations, the stroma of invasive
carcinomas discloses a reduction or complete loss of
CD34+ fibrocytes paralleled by the occurrence of a-SMA-
positive myofibroblasts [2, 3, 4, 6, 12, 17]. In addition to
their function as matrix-producing [5, 8] and antigen-
presenting cells [7], CD34+ fibrocytes secrete platelet-
derived growth factor (PDGF) [10], the receptor of which,
c-kit (CD117), a protein receptor with tyrosine kinase
activity, is structurally identical to that of stem cell factor
(SCF).

To our knowledge, investigations concerning the
occurrence of CD34+ fibrocytes in the upper aero-diges-
tive tract and their behavior in invasive carcinomas of this
anatomical site, up to now, have not been published. a-
SMA-positive myofibroblasts have recently been reported
in squamous cell carcinomas of the larynx [20].

We undertook the present study to analyze the stroma
of tumor-free mucosa and squamous cell carcinomas of
the oral cavity, the pharynx, and larynx with respect to the
presence or absence, respectively, of CD34+ fibrocytes
and a-SMA-positive myofibroblasts. We additionally
investigated whether stromal cells express the CD117
antigen.

Materials and methods

This study comprises a total of 39 squamous cell carcinomas of the
oral cavity (n=16), the oropharynx (n=13), hypopharynx (n=6), and
larynx (n=4) obtained from 34 patients. The patients, 28 of which
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were males, ranged in age between 44 years and 96 years
(arithmetic mean: 61.1 years). The stroma within the border of
the invasive carcinoma was defined to be tumor associated,
whereas stroma beyond the border of the tumor was regarded as
tumor free. In all cases, tumor-free tissue from resection margins
was available for comparison. Tissues were fixed in a 10% formalin
solution, embedded in paraffin, cut and stained with hematoxylin
and eosin (H&E) and periodic acid-Schiff for routine purposes. The
Giemsa stain was performed to distinguish tissue mast cells from
CD117-positive stromal cells.

Immunohistochemistry

Immunohistochemistry was performed using standard avidin biotin
complex-peroxidase method (ABC Elite Kit; Vector, Burlingame,
CA) using 3,30-diaminobenzidine as chromogen. CD34 antigen was
detected using a monoclonal antibody (QBEND10, dilution 1:50;
Dako, Hamburg, Germany) after microwave pretreatment. CD117
expression was detected accordingly, using a polyclonal rabbit
antibody (c-kit, dilution 1:100; Dako, Hamburg, Germany). Mi-
crowave pretreatment was performed by heating the deparaffinized
and rehydrated sections, immersed in 10 mM sodium citrate buffer
(pH 6.0), in a microwave oven at 600 W for 3�5 min. a-SMA was
detected using a monoclonal antibody (ASM-1, dilution 1:200;
Progen, Heidelberg, Germany) after tissue pretreatment with 0.1%
trypsin for 15 min at 37�C.

Quantification of mast cells

In each case, the number of mast cells per HPF (i.e. high power
fields at 400� microscopic magnification) was assessed in tumor-
free tissue and tumor-associated stroma as the arithmetic mean
mast cells in five randomly selected microscopic fields. Compar-
ison of values was performed by means of the student’s t-test.
P<0.01 was considered to be statistically significant.

Results

Tumor-free mucosa

CD34+ fibrocytes characterized by an inconspicuous
cytoplasm with slender elongated bipolar neurite-like
projections and a small nucleus were found in the tumor-
free stroma of all specimens investigated. The highest
number of CD34+ fibrocytes was observed in the vicinity
of vessels, around submucosal glands and adjacent to the
covering epithelium (Fig. 1A). In areas with more
pronounced lymphocytic infiltration, CD34+ fibrocytes
were reduced in number or completely lacking. a-SMA
myofibroblasts were absent from the tumor-free stroma,
and CD117 expression was also not observed in the
tumor-free stroma.

Squamous cell carcinomas

The border of invasive squamous cell carcinomas was
characterized by an abrupt loss of CD34+ fibrocytes,
which was already visible at low microscopic magnifica-
tion (Fig. 1B). In 33 cases, the stroma of invasive
squamous cell carcinomas was completely devoid of
CD34+ fibrocytes; 6 cases disclosed, at least, a focal loss

of this cell type. Residual CD34+ fibrocytes showed no
local predilection for the center or periphery of the lesion.
The tumor-associated stroma was made up of diffusely
scattered plump spindle-shaped a-SMA positive myofi-
broblasts with a characteristic tram-tracking of thick
intracytoplasmatic a-SMA-reactive fibers in 12 cases. In
19 cases, these cells were focally distributed throughout
the tumor stroma (Fig. 1C). The stroma of 8 carcinomas
disclosed no a-SMA-positive myofibroblasts. Cytoplas-
mic CD117-immunoreactivity of stromal spindle cells
was focal in 21 and diffuse in 4 cases; 14 cases showed no
CD117 reactivity of stromal spindle cells in the tumor
(Fig. 1D; Table 1).

The tumor stroma contained 23.9€9.5 (arithmetic
mean € standard deviation) mast cells per HPF, a value
significantly higher than that observed in the tumor-free
stroma (8.1€5.6; P<0.01) (Fig. 1E, F).

Discussion

In accordance with previous studies regarding various
anatomical sites, the present investigation demonstrates a
phenotypical change of the stroma associated with inva-
sive squamous cell carcinomas of the upper aero-digestive
tract, consisting of a loss of CD34+ fibrocytes paralleled
by a gain of a-SMA-positive myofibroblasts. The mech-
anisms initiating this process are yet not well understood,
but have been thought to be related to a soluble factor
secreted by tumor cells [6, 18]. Experimental studies have
shown that a-SMA is upregulated in CD34+ fibrocytes
exposed to transforming growth factor (TGF)-b [1]. This
might be the primary event of stromal remodeling,
followed by a complete loss of CD34 expression, result-
ing in the aforementioned phenotypical alteration of
tumor-associated stroma. In squamous cell carcinomas of
the upper aero-digestive tract, TGF-b is upregulated [9,
13, 16], and we found tissue mast cells, another important
source of TGF-b, to be significantly increased in number
in the tumor stroma. The latter finding is not restricted to
the upper aero-digestive tracts, since Humphreys and
coworkers [11] described elevated numbers of mast cells
in the stroma of cutaneous basal cell carcinomas and also
suggested that mast cells might play a role in tissue
remodeling associated with basal cell carcinoma. Regard-
ing these data, it seems to be reasonable that the
phenotypical change of CD34+ fibrocytes toward a-

Table 1 Distribution of CD34+ fibrocytes and a-smooth muscle
antigen (SMA)-positive myofibroblasts in the tumor-associated
stroma together with the expression of CD117 in tumor-associated
myofibroblasts. � No positive cells, + focal accumulations of
positive cells, ++ diffusely scattered positive cells

� + ++

CD34+ fibrocytes 33 6 0
a-SMA-positive myofibroblasts 8 19 12
CD117-positive stromal cells 14 21 4
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SMA-positive myofibroblasts is, at least in part, mediated
by TGF-b.

In contrast to the tumor-free stroma, tumor-associated
myofibroblasts were c-kit (CD117)-positive, indicating
that SCF or PDGF or both might play a role in the
proliferation of this cell type. Granulocyte-macrophage
colony-stimulating factor (GM-CSF) is closely related to

macrophage colony-stimulating factor (M-CSF), which is
constitutively expressed in CD34+ fibrocytes [8, 10],
downregulates CD117 expression in mast cells [19] and,
as suggested by our data, in stromal myofibroblasts. In
turn, upregulation of CD117 in stromal myofibroblasts in
mast cells is likely to be a direct sequel of a reduction of
CD34+ fibrocytes.

Fig. 1 The stroma of the upper aero-digestive tract harbors
diffusely scattered CD34+ fibrocytes, which are more densely
packed in the subepithelial stroma (A). The stroma of invasive
squamous cell carcinoma (to the upper right) is devoid of CD34+

fibrocytes (B); the infiltrating border of invasive carcinomas shows
an abrupt loss of CD34+ fibrocytes. Tumor-associated spindled

stromal cells are a-SMA positive (C), and 25 cases disclose CD117
positivity (D). The number of tissue mast cells in the normal
mucosa (E, CD117 immunohistochemistry) is significantly lower
than tumor-laden stroma (F, CD117 immunohistochemistry). In
this case, stromal spindle cells were negative for CD117
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Phenotypical alterations of the stroma, chiefly the loss
of CD34+ fibrocytes, have been considered valuable tools
in distinguishing benign from malignant lesions [2, 3, 4,
17]. When applying this criterion, some precautions and
recommendations should be regarded. The loss of CD34+

fibrocytes in the breast stroma is, in most cases, due to
malignancy, but recent studies also described CD34-
negative spindle cell proliferations in areas of previous
biopsy [6]. A minority of radial scars of the breast also
exhibit stromal areas negative for CD34 and positive for
a-SMA [17]. In the present study, a loss of CD34+

fibrocytes was also of reduced value in detecting invasive
carcinoma, since areas with lymphocytic infiltration also
exhibited a loss of CD34+ fibrocytes. However, a-SMA
myofibroblasts were not observed in these areas. There-
fore, the diagnosis of malignancy should not solely be
based on a loss of CD34+ fibrocytes.

The functional consequences of the loss of CD34+
fibrocytes, along with their value in diagnosing malig-
nancy, remain a matter of speculation requiring further
investigation. However, considering that CD34+ fibro-
cytes are antigen-presenting cells, their reduction or
complete elimination enables an invasive tumor to escape
immune-surveillance. This might constitute an important
step in local tumor infiltration and distant tumor spread.
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Abstract Defective DNA mismatch repair results from
genetic or epigenetic alterations that most frequently
inactivate the genes hMLH1 and hMSH2. This is thought
to promote tumourigenesis by accumulation of mutations
in oncogenes and tumour suppressor genes. This pathway,
first reported in colon cancer, has been recently demon-
strated in a subgroup of sporadic pancreatic adenocarci-
nomas. Intraductal papillary-mucinous neoplasms of the
pancreas are a special type of pancreatic tumours,
characterised by a spectrum of morphological changes
from mild to moderate and to non-invasive, and they may
associate with adenocarcinoma. An immunohistochemical
study of hmlh1 and hmsh2 protein expression was
performed on 26 intraductal papillary-mucinous neo-
plasms. All tumours showed nuclear expression of hmlh1
and hmsh2 proteins. There were two distinctive patterns
of protein expression on the basis of the location of cells
expressing these markers: the “normal” pattern, observed
mainly in adenoma and rarely in intraductal papillary-
mucinous neoplasms with moderate dysplasia and the
“dysplastic” pattern, frequently encountered in moderate
dysplasia neoplasms, non-invasive and invasive carcino-
mas. These findings suggest that defective DNA mis-
match repair, due to inactivation of hMLH1 and hMSH2,
does not play a significant role in the pathogenesis of
intraductal papillary-mucinous neoplasms of the pancreas.

Two patterns of protein expression were observed and
were correlated with the progression of dysplasia in
intraductal papillary mucinous neoplasms.

Keywords Pancreas · Immunohistochemistry ·
Intraductal papillary-mucinous neoplasm · hmlh1 · hmsh2

Introduction

Intraductal papillary-mucinous neoplasms (IPMNs) of the
pancreas represent a clinico-pathological entity. They
show a spectrum of morphological changes in the ductal
neoplastic epithelium, ranging from benign (adenoma) to
malignant (carcinoma), and, in some cases, are associated
with invasive adenocarcinoma [8]. Their prognosis is
generally better than that of ductal adenocarcinoma.

Defective DNA mismatch repair results from genetic
or epigenetic alterations that most frequently inactivate
the genes hMLH1 and hMSH2. This is thought to promote
tumourigenesis by accumulation of mutations in onco-
genes and tumour suppressor genes. Inactivation of
hMLH1 and hMSH2 is observed as a loss of these
proteins by immunohistochemistry [11]. This pathway,
first reported in colon cancer, has been recently demon-
strated in a subgroup of sporadic pancreatic adenocarci-
nomas, sharing the microsatellite instability high (MSI-H)
phenotype. This MSI-H phenotype was associated with
poor differentiation, but with a good prognosis [20].

We studied, using immunohistochemistry, the expres-
sion of mismatch repair proteins in adenocarcinoma
associated with pancreatic IPMNs, considered to have a
better prognosis than classical ductal adenocarcinoma.
We also analysed the patterns of hmlh1 and hmsh2
protein expression in IPMNs with regard to the progres-
sion of dysplasia.
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Materials and methods

We selected 26 cases of surgically resected IPMNs of the pancreas.
These cases were retrieved from the files of the Departments of
Pathology of Beaujon Hospital and Saint-Antoine Hospital. The
original haematoxylin and eosin slides for each case were reviewed
by two observers (AHL and AC), and the IPMNs were classified
according to World Health Organization criteria [7, 9]. Four-micron
sections were prepared from the selected paraffin blocks, deparaf-
finised in xylene and rehydrated in pure ethanol. Endogeneous
peroxidase was blocked using 3% hydrogen peroxide in methanol
for 30 min. The slides were then placed in a microwave oven in
citrate buffer (pH 6.0), for antigen retrieval, for 15 min at 750 W
and 15 min at 150 W. All slides were processed using an automatic
immunostainer (Optimax Plus 1.5, Biogenex, San Ramon, USA)
with a supersensitive biotin-streptavidin-peroxidase technique (Su-
persensitive Detection Kit, Biogenex). Mouse anti-human mono-
clonal antibodies to hmlh1 (Clone G168–728, dilution 1:70;
Pharmigen) and hmsh2 (Clone FE11, dilution 1:100; Calbiochem)
were used. The slides were developed with amino-ethyl-carbazol, a

red chromogen, and counterstained with Mayer’s hemalun. Nuclear
staining was interpreted for each antibody. Normal colonic mucosa
served as positive control; the nuclei in the crypts showed moderate
to strong staining, and the nuclei in the surface epithelium showed
no or weak staining (Fig. 1). We considered two distinct patterns of
expression in the papillary structures of IPMNs: the “normal”
pattern, similar to that observed in the normal colonic mucosa, with
a moderate nuclear expression limited to the lower part of the
papillae and with weakly positive or negative upper part of the
papillae and surface epithelium, and the “dysplastic” pattern,
characterised by a random distribution of positive nuclei within the
dysplastic epithelium, usually reaching the surface epithelium, and
of moderate or strong intensity [2].

Results

The present series included 14 men and 12 women with a
mean of age 61 years (range, 27–81 years). The maximum
diameter of the neoplasm ranged from 0.8 cm to 10 cm
(mean, 3.3 cm). Histologically, all IPMNs were charac-
terised by a tall, columnar, mucin-containing neoplastic
epithelium with papillary proliferations. The intraductal
components of the neoplasms were classified as intra-
ductal papillary-mucinous adenoma (IPMA, with mild
dysplasia) (eight cases), IPMN with moderate dysplasia
(eight cases) and non-invasive intraductal papillary-mu-
cinous carcinoma (IPMC) (ten cases).

We observed that various degrees of dysplasia were
associated within the same neoplasm. Thus, we found foci
of adenoma in 23 neoplasms, of moderate dysplasia in 16
neoplasms and of non-invasive intraductal papillary
mucinous carcinoma in 10 neoplasms. Six of the IPMNs
were associated with an invasive ductal type adenocarci-
noma. IPMNs were branch duct type (10 neoplasms),
main duct type (3 neoplasms) and both main and branch
type (12 neoplasms).

All neoplasms showed nuclear expression of hmlh1
and hmsh2. The results are figured in Table 1. The
“normal” pattern of hmlh1 protein expression was ob-
served in 13 of 23 IPMAs (56.5%) and in one IPMN with
moderate dysplasia (6%), as well as in the normal
duodenal mucosa. The “dysplastic” pattern was observed
in all types of dysplasia, more frequently in non-invasive
IPMC (10/10 cases, 100%) and IPMNs with moderate
dysplasia (15/16 cases, 94%) (Fig. 2) than in IPMA
(43.5%). This latter pattern was also observed in all cases
of invasive adenocarcinoma (6/6 cases, 100%). There
were no differences between main duct or branch duct
type tumours.

Fig. 1 Normal colonic mucosa showing the “normal pattern” with
moderate hmlh1 nuclear expression limited to the lower part of the
crypts and with weakly positive or negative upper part of the crypts
and surface epithelium

Table 1 Immunohistochemical pattern of hmlh1 and hmsh2 ex-
pression in intraductal papillary mucinous neoplasms according to
grades of dysplasia. IPMA intraductal papillary-mucinous adeno-

ma, IPMN intraductal papillary-mucinous neoplasm, IPMC intra-
ductal papillary-mucinous carcinoma

hmlh1 hmsh2

“Normal” pattern “Dyplastic” pattern “Normal” pattern “Dysplastic” pattern

IPMA (n=23) 13 10 10 13
IPMN with moderate dysplasia (n=16) 1 15 1 15
Non-invasive IPMC (n=10) 0 10 0 10
Invasive IPMC (n=6) 0 6 0 6

236



The “normal” pattern of hmsh2 protein expression was
observed in 10 of 23 IPMAs (43.5%) and in 1 IPMN with
moderate dysplasia (6%), as well as in the normal
duodenal mucosa. The “dysplastic” pattern was observed
in all types of dysplasia, more frequently in non-invasive
IPMCs (10/10 cases, 100%) and IPMNs with moderate
dysplasia (15/16 cases, 94%) than in IPMAs (56.5%). The
same pattern was observed in all cases of invasive IPMCs
(6/6 cases, 100%) (Fig. 3). There were no differences
between main duct or branch duct type tumours.

Among the six invasive adenocarcinomas associated
with IPMN, in four tumours, the “dysplastic” pattern was
also observed in the adenoma and/or moderate dysplasia-
IPMN zones, and, in two tumours, the adenoma and/or
moderate dysplasia-IPMN zones showed the “normal
pattern” of immunostaining.

Discussion

The DNA mismatch repair inactivation pathway was first
described in a subgroup of sporadic and hereditary
colorectal cancer [11]. The inactivation of hMLH1,
hMSH2 and, less frequently, of hMSH6 genes correlates
with MSI-H tumour phenotype and results in loss of
nuclear expression of the corresponding protein.

The same pathway is involved in pancreatic adeno-
carcinoma, both sporadic and as part of the HNPCC
syndrome. An MSI-H phenotype has been reported in a
small subgroup (13%) of sporadic adenocarcinomas of the
pancreas [20]. The proportion of tumours with microsatel-
lite instability in usual ductal adenocarcinomas of the
pancreas appears to be similar to that observed in colon
cancer [17]. These MSI-H pancreatic adenocarcinomas
are considered to form a morphologically distinctive
subgroup, showing poor differentiation and a better
prognosis [6, 19, 20].

Intraductal papillary mucinous neoplasms of the pan-
creas represent a clinico-pathological entity, characterised
by a spectrum of morphological changes ranging from
benign (adenoma) to malignant (carcinoma) [8]. These
tumours show genetic heterogeneity [5] with oncogenic
pathways that may involve alterations of the K-ras, HER-
2/neu, p16, p53, DPC4 and STK11/LKB1 genes [1, 14,
21]. Adenocarcinomas in IPMNs have a better prognosis
than ductal adenocarcinomas. Therefore, it seems inter-
esting to study whether the mismatch repair genes are
involved in the pathogenesis of these tumours. We show
here that in this group of IPMNs associated with
pancreatic adenocarcinoma, defective DNA mismatch
repair due to inactivation of hMLH1 or hMSH2 genes is
not involved. Our results confirm a series composed of
IPMNs of various types (low-grade dysplasia, high-grade
dysplasia, carcinoma) recently reported by Luttges et al.
[12]. As MSI has been mainly observed in tumours within
the spectrum of the HNPCC and Muir-Torre syndromes, it
is not surprising that this phenomenon is not present in
IPMNs, a type of tumour that has not been described in
patients with these syndromes. This does not exclude
entirely the possibility of involvement of other compo-
nents of the DNA mismatch repair system, such as
hMSH6 and hPMS2 genes, or of other mechanisms, such
as the presence of a missense mutation resulting in a
nonfunctional immunoreactive protein [11]. However,
pathways that do not involve hypermethylation or germi-
nal mutations seem to be more frequently encountered in
pancreatic carcinomas [10, 13] than in colorectal carci-
nomas. This could be explained by the occurrence of
tissue-specific mechanisms of inactivation of mismatch
repair (MMR) genes and involve target genes/pathways
[4] in pancreatic cancer.

The spectrum of dysplasia in IPMNs is similar to the
dysplasia sequence of colon adenomas. This similarity
concerns not only morphological features, but also the
immunoreactivity pattern for hmlh1 and hmsh2 proteins.
We observed two distinct patterns of expression for these
two proteins, similar to what has been recently reported in

Fig. 2 Intraductal papillary-mucinous neoplasms with moderate
dysplasia showing the “dysplastic pattern”, characterised by a
random distribution of hmlh1 strongly positive nuclei within the
dysplastic epithelium, usually reaching the surface epithelium

Fig. 3 Invasive adenocarcinoma showing a random distribution of
strongly positive nuclei for hmsh2 protein
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colon adenomas [2]. The first one, the “normal” pattern, is
similar to that observed in normal colonic mucosa. The
incidence of this pattern decreases with the progression of
dysplasia, from IPMA (43.5–56.5% of the cases) to IPMN
with moderate dysplasia (6% of the cases) to 0% in non-
invasive and invasive IPMC. The second pattern, the
“dysplastic” pattern, is characterised by increased protein
expression in the dysplastic cells situated at the top of the
papillae and in the surface epithelium. The cells at the
base of the papillae, such as in normal colonic mucosa,
strongly express these proteins. This pattern is present in
all grades of dysplasia in IPMNs, similar to what has been
reported in colon adenomas [2]. Its incidence increases
from IPMA (43.5–56.5% of the cases) to IPMN with
moderate dysplasia (94% of the cases) and non-invasive
or invasive carcinoma (100% of the cases). Therefore,
increased MMR protein expression seems to occur in cells
showing an increase of the proliferation rate assessed by
Ki67 immunohistochemistry [16], which increases with
the progression of dysplasia. This pattern of expression is
similar to that observed in colorectal adenomas, with a
“top-down” morphogenesis [15].

The MMR system principally corrects nucleotide
mismatches that arise during replication [3]. Therefore,
the increased MMR protein expression that we observed
may reflect a response to an increase of DNA damage
with progression of dysplasia, in which the proportion of
cells in G1, S, M and G2 phases (demonstrated by Ki67
immunohistochemistry) increases. Moreover, recent data
suggest a relationship between MMR proteins and DNA
transactions, such as replication and nucleotide excision
repair. This relationship is supported by the ability of the
proliferating cell nuclear antigen, another marker of
proliferation, to bind to MLH1 and MSH2 [18].

In conclusion, immunoreactivity for hmlh1 and hmsh2
proteins in different grades of dysplasia, as well as in
invasive adenocarcinoma in IPMNs, indicates that defec-
tive DNA mismatch repair in these two genes is unlikely
to contribute to the progression of dysplasia and to the
gain of invasive features. Two distinctive patterns of
expression have been observed and their occurrence is
related to the progression of dysplasia.
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Abstract An increased number and density of the so-
called “giant ganglia” (seven or greater ganglion cells per
ganglion) serve as histopathological criteria for a bowel
motility disorder called intestinal neuronal dysplasia of
the submucous plexus (IND B). However, because these
morphological criteria have been defined based upon
observations in constipated patients, the diagnostic value
of previous studies is open to controversy. Moreover, no
age-related reference data from unaffected controls are
available. This study reports on data from unaffected
controls on the variability of size and distribution of
ganglia in the submucous plexus during development.
Therefore, for the first time, the normal status has been
defined. Four age groups have been defined: (a) prema-
ture births, gestational age less than 35 weeks; (b) 1–
365 days; (c) 1–14 years and (d) 15 years to greater than
70 years). All of these groups revealed giant ganglia in the
submucous plexus. With advancing age, there was a
decrease in the number of giant ganglia (from 32.7% in
group a to 11.2% in group d) accompanied by an inverse
increase in the mean distance between all ganglia (from

0.52 mm in group a to 1.17 mm in group d). The data
presented permit the conclusion that the criteria men-
tioned above are not apt to define IND B as an entity,
since they do not allow a sufficient demarcation from the
age-correlated normal values presented here.

Keywords Intestinal neuronal dysplasia · Ganglion cells ·
Giant ganglia · Submucous plexus · Development ·
Gestation

Introduction

Coping with chronic constipation in young children is a
difficult problem for the paediatrician. The clinical
features of chronic constipation range from chronic
intractable constipation to abdominal distension or to
overflow incontinence. Aganglionosis of the distal parts
of the colon, commonly known as Hirschsprung’s disease
(HD) [5] is one of the most frequent causes of these
symptoms. It is possible to diagnose this disease histo-
chemically [e.g. from rectal suction biopsies utilising the
application of well-established enzymatic tests, for ex-
ample, for acetylcholinesterase (AchE) assay]. In Hirsch-
sprung’s disease, the lack of intramural ganglia leads to
an accumulation of the AchE activity on the surface of the
parasympathetic intramural mucosal fibres of the distal
colon, due to the activity of the extramural parasympa-
thetic innervation. Beyond the eighth week of life, this
may serve as a reliable test for the diagnosis of HD in the
rectum and lower part of the sigma—except in very rare
cases with developmental defects of the extramural
parasympathetic nerves [10]. Aganglionosis affects not
only the distal part of the colon, but also the descending
colon, and, in very rare cases, it may also affect the entire
colon, as well as the small intestine. Orally to the lower
part of the descending colon, the AchE assay in the
mucosa is no longer diagnostic. Here, only the detection
of ganglion cells (i.e. using dehydrogenase assays) can
serve as a diagnostic tool. As a curative treatment, the
aganglionic segments have to be surgically extirpated.
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The results of the rectal suction biopsies may confirm
the presence of submucous ganglia. However, when
clinical symptoms persist, the paediatrician is faced with a
problem of a different nature. In order to improve the
diagnosis in these cases, Meier-Ruge [11] introduced, as
an additional diagnostic tool, the analysis of the density of
ganglia and the number of ganglion cells per ganglion
within the submucous plexus of the large intestine. His
studies on innervation (within a transitional zone between
the aganglionic and the normal colon segment) have
shown a variability in the size and distribution pattern of
ganglia. Ganglia that have a number of seven or more
ganglion cells were defined as so-called “giant ganglia”.
Therefore, an increased number of those ganglia serves as
histological proof of a pathological condition.

Observation of giant ganglia (3–5% [13] and 10% [14],
respectively) in a number of non-aganglionic, constipated
patients led to the introduction of a morphologically
defined pathological condition, named intestinal neuronal
dysplasia, type B (IND B) [12]. However, the existence of
this disease entity is open to controversy [2, 8, 9] because
the criteria for this diagnosis have been defined based
merely upon observations in patients with bowel motility
disturbances. Furthermore, no age-related reference data
from unaffected controls are available.

A recent multi-centre study on children with suspected
IND showed such a high inter-observer variation with
regard to the different morphological features and to the
final diagnosis of IND [7] that the validity of IND
diagnosis by rectal suction biopsies has become dubious.
A further methodical weakness of the IND B diagnosis is
that the analysis of the density of ganglia for a given area
does not necessarily reflect the developmental status of
the patient or his physiological growth.

To date, no systematic studies on unaffected controls
of different age groups have been performed, and no
reference data have been available on the distribution of
ganglia during normal development. The lack of standard
values and the unsatisfying outcome of the above-men-
tioned multi-centre study on children with suspected IND
leads to the question: does IND B, in fact, exist as a
disease entity?

The hypothesis that IND is an entity came to be
because, in some cases of HD, a “dysganglionic” seg-
ment, with giant ganglia in the submucous plexus, was
observed cranial to the aganglionic segment. The fact that
other patients with constipation, but not affected with HD,
also rarely showed giant ganglia was enough to suggest
the conclusion that IND could exist as an entity and be
diagnosed through quantitative analysis of the ganglia
[12, 13, 14].

In the case of a disease entity being defined by a
quantitative method, a normal collective is necessary for
comparison. Until now, ethical and logistical problems
hindered these investigations. The presented paper is
intended to close this gap.

Materials and methods

Patients and material

With the approval of the ethics authorities, colon segments or colon
tissue specimens from 36 control individuals were obtained from
different units of general pathology or paediatric pathology
(primarily in Austria and Belo-Russia, respectively). We defined
our controls as individuals with no clinical history of constipation
or other symptoms indicating a disturbed function of the intestine.
Samples were immediately removed post-mortem to avoid autolytic
processes, and the native specimens that were obtained were frozen
on dry ice until further processing.

The resected colon specimens from seven different anatomical
localisations within each colon were longitudinally cut perpendic-
ular to the surface and placed upon the cut surface on a cryostat
carrier. The native tissue was frozen (at �80�C) and cut (at �20�C)
into sections that were 15 �m thick. In order to avoid counting the
same anatomical structure more than once every second, stained
section was used for morphometric analysis.

Staining with haematoxylin and eosin was used to assess the
quality and the morphology of the tissue sections. This study
included 32 individuals. Four additional cases that were of
substandard quality (artefacts) were excluded.

In total, seven different localisations were investigated within
the colon, namely:

Position 1 rectum 5 cm above the anocutaneous line
Position 2 transitional zone between rectum and sigmoid
Position 3 transitional zone between sigmoid and descending colon
Position 4 proximal descending colon
Position 5 middle of transverse colon
Position 6 proximal ascending colon
Position 7 cecum

Enzymatic histochemical staining for AchE, LDH, SDH
and NADPH-diaphorase

As part of the routine procedure, the air-dried sections underwent
an enzyme–histochemical procedure for an AchE reaction [6], as
the marker enzyme for aganglionosis. In accordance with standard
methods for histological identification and morphometric measure-
ments, ganglia and nerve cells were selectively stained using
reactions for lactic dehydrogenase (LDH) activity [4, 12], succi-
nate-dehydrogenase (SDH) activity [15] and nicotinamide-adenine-
dinucleotide-phosphate (NADPH)-diaphorase activity [16].

Morphometric analysis

Morphometric evaluations were performed with a microscope
(Zeiss, Axioskop) furnished with an electronic scaling device
(�Scale, M�rzh�user, Wetzlar). The following parameters were
analysed and documented for two different staining patterns (LDH-
activity; NADPH-diaphorase activity) in each of seven anatomi-
cally defined regions of the colon:

1. Number of ganglion cells per ganglion
2. Distance between ganglia

The distance between two points within a coordinate system can
be calculated according to the Pythagorean theorem a2+b2=c2

(Fig. 1). The distance between the two points (mm) is equal to
the hypotenuse c of a rectangular triangle with the arms a and b.
The two points are defined by two different coordinates on the
abscissa x and the ordinate y. Point 1 has the coordinates x1, y1;
point 2 has the coordinates x2, y2. They correspond with the nonia
of the electronic scale device of each ganglion investigated. As a
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representative point of each ganglion, the middle of the ganglion
was chosen. According to the following formula:
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

½2� x1 � x2ð Þ2 þ y1 � y2ð Þ2
q

¼ c

the distance between the two points can be calculated. The
calculation is done automatically by an Excel (Microsoft) database,
which contains the registered nonia for each point. The data were
collected for 60 ganglia from seven anatomically defined regions of
the colon of 32 individuals. A total of 2016 slides were analysed. An
example of a representative original slide is given in detail (Fig. 2).

Preparation and format of the available data and information

Efficient statistical evaluation by the SAS program required a
numerical coding of all available information. An Excel (Mi-
crosoft) database was created, which contained all of the necessary
information. Therefore, this set of data could easily be read by the
SAS program.

The following parameters were listed in detail, for each
analysed ganglion and for each individual sample: sample code
of the laboratory; lysis time stated in minutes (i.e. the time from
death to sample collection); age of the individual stated in days;
gestational age stated in weeks; anatomical localisation of the
samples within the colon according to the above-mentioned list;
staining [i.e. used for evaluation (1 = LDH; 2 = NADPH
diaphorase)]; X-coordinate; Y-coordinate; number of ganglion
cells per analysed ganglion and distance to the nearest ganglion
(mm). The complete database consisted of 23342 lines (i.e.
analysed ganglia).

Statistical evaluation

Our study had two objectives. First, contrary to the previous
method, which utilises surface density values, our objective was to
create a new procedure using certain anatomical structures as
internal reference values. Second, we sought to document the
distribution of ganglion size over the patient’s lifespan as a means
of obtaining age-related reference values.

In order to calculate in advance how many ganglia from a
region should be analysed to achieve a mean value of the number of
ganglion cells per ganglia, a pilot study was created. A specimen of
the colon of optimal size was chosen to analyse all ganglion
quantitatively, including confidence intervals and mean values.

As a breadth of the confidence interval of less than two would
be sufficient, the mean error calculated was used to find the least

number of ganglia fitting the criterion. In addition, the enzymatic
reactions were tested for differences of the mean values using the
same method.

Significant differences between the various anatomical locali-
sations along the colon of each individual were not found using
Fisher’s exact test. The age-related cohorts were defined after
having tested all values for homogeneity using the same test
method.

Results

In order to achieve certainty about the mean values of the
size of the ganglia of the submucous plexus, one has to
define first how many ganglia must be investigated in
each case. A pilot study was done using a specimen of
optimal size to permit investigation of 180 ganglia. It
revealed the following values:

Number of ganglia analysed 180
Scattering range of the number of ganglion cells per
ganglion 2–21
Mean values 5.56
Standard deviation 3.26
Confidence interval 5.08–6.03
Breadth of confidence interval 0.96
Breadth of confidence interval in 60 ganglia 1.37

Defining the postulated confidence interval of less than
two, the analysis of 60 ganglia was shown to be sufficient
(breadth of confidence interval = 1.37). The above values
do not depend on which of the two enzyme–histochemical
stainings of the ganglion cells was used. In addition, the
seven different anatomical regions of the colon showed no
significant differences.

Having established the technical quality of the spec-
imens and having eliminated cases of substandard quality
(artefacts), material from 32 individuals could be inves-
tigated, representing the following age-related groups:

Group a premature birth, gestational age less than 35th
week; 4 individuals

Group b mature birth to 1 year of age; 9 individuals
Group c 1–14 years; 4 individuals
Group d 15 years to greater than 70 years; 15 individ-

uals

The age-related groups were not arbitrarily designed,
but were defined according to the mean size of ganglia in
each individual. The size of ganglia in all cases ranged
between 2 and 25 cells—in preterm newborns even up to
29 cells. Their distribution in percent in the four age-
related groups (Fig. 3a, b, c, d) is not normal (as in a
Gaussian curve), but unequal. So-called giant ganglia
with more than seven ganglion cells are present in all age-
related groups. The fraction of very large ganglia with
more than 15 ganglion cells is rather low in the group of
adolescents and adults, but reaches 10% in the preterm
newborns. However, the fraction of small ganglia below
seven ganglion cells increases with advancing age.

Fig. 1 Symbolic presentation of the submucous plexus: a micro-
scopic slide mounted with two adjacent specimens (A and B), [scale
(mm)]. The distance c between two given ganglia 1 and 2 with the
corresponding co-ordinates x1/y1 and x2/y2 can be calculated
according to the Pythagorean theorem: a2+b2=c2

241



Fig. 2 Enzyme histochemistry
of the submucous ganglia. a
Microscopic slide mounted with
four adjacent specimens. Lactic
dehydrogenase (LDH) staining,
�2.8. b Higher magnification of
one specimen—taken from a—
showing all layers of the co-
lonic wall in more detail. LDH
staining, �3.5. c Detail taken
from b: showing two ganglia;
arrows in the deep submucous
layer and one ganglion arrow in
the middle of the submucous
layer; LDH staining, �25. d
Detail: arrow taken from c: two
so-called “giant ganglia” of the
submucous plexus with 9 and
13 ganglion cells respectively;
LDH staining, �200. e Detail:
arrow taken from c: so-called
“giant ganglion” of the submu-
cous plexus with 13 ganglion
cells, LDH staining, �200
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Fig. 3 Frequency distribution (in percent) of ganglia of the
submucous plexus correlated to their size (number of ganglion
cells per ganglion) in four age-related cohorts a, b, c, d. Ordinate
frequency of ganglia with defined numbers of ganglion cells per

ganglion; (height of columns = percent). Abscissa number of
ganglion cells per ganglion; (width of columns = defined numbers
of ganglion cells per ganglion). With increasing age, there is a
tendency towards smaller ganglia
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Fig. 4 Frequency distribution
(in percent) of distances be-
tween ganglia of the submucous
plexus in correlation to the
length of distances calculated
according to the Pythagorean
theorem—in steps of 0.5 mm
each—given for four age-relat-
ed cohorts. a Group a = pre-
mature births, gestation less
than 35th week of pregnancy. b
Group b = mature birth to 1 year
of age. c Group c = 1–14 years.
d Group d = 15 years to greater
than 70 years. Ordinate fre-
quency of calculated distances
between ganglia; height of col-
umns = percent. Abscissa length
of distances between ganglia;
width of columns = consecutive
steps of 0.5 mm, except the last
one (11), which represents all
distances above 5 mm. With
increasing age, there is a ten-
dency towards greater dis-
tances/lower density
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This tendency is seen in the comparison of the mean
values of ganglion sizes (Table 1). The mean is 6.1
ganglion cells per ganglion in the group of preterm
newborns. In the infant group in the first year of life, the
value is 4.81 ganglion cells per ganglion. From age 1 year
to 14 years, the mean size is 4.31 ganglion cells per
ganglion, and, in the adolescent and adult group, this
value is 3.84 ganglion cells per ganglion.

Having assumed a cut point of seven, i.e. calculating
only ganglia with seven or more ganglion cells, the mean
value decreases during life span. The mean number of
giant ganglia is 32.7% in preterm newborns. In the first
year of life, this value is 21.5%. In age group 1–14 years,
the mean is 16.3%, and, in the group of adolescents and
adults, it is 11.2%(Table 1). The latter value would even
be pathological according to the criteria of the consensus
conference [3].

The distribution of the calculated distances between
the ganglia of the submucous plexus in percent shows, in
all age-related groups, an unequal distribution (Fig. 4a, b,
c, d). The distances increase with advancing age. In
preterm newborns, distances of 5 mm are only measured
in a very low number, whereas this fraction is up to 2% in
the group of adolescent and adults (Fig. 4a, b, c, d).

Different biopsy sizes required for the different age-
related groups can be deduced: 3 mm for preterm
newborns, 5 mm for infants below 1 year of age, 5–
6 mm for children aged 1–14 years, 6–7 mm for infants,
adolescents and adults. (The formerly propagated refer-
ence value of a constant area can no longer be accepted as
relevant.)

Discussion

Diagnosing chronic constipation in young children is a
difficult problem for the paediatrician. Often, it is consid-
ered to be a dysfunction of the enteric nervous system
and—because the symptoms may resemble Hirsch-
sprung’s disease—rectal suction biopsies are regularly
taken to exclude aganglionosis of the rectum or colon.
According to previously defined criteria, in a number of
biopsies, the analysis of the submucous layer often leads to

the diagnosis of IND B [12]. This condition has been
defined as a congenital malformation of the submucous
plexus, which presents with the clinical features of
constipation. It is defined based upon the increase in the
total number of ganglia (hyperganglionosis) and ganglion
cells per ganglion (hypercellularity) in the submucous
plexus [10]. Intestinal neuronal dysplasia of the submu-
cous plexus is defined as subtype IND B [12].

However, a problem is the lack of any systematic
approach to studying the morphometrical and histological
features of the colonic submucous plexus during normal
development. To close this gap, our study collected and
statistically evaluated morphometric base data from a
control group comprised of subjects from a gestation age
of 30 weeks to an age well above 70 years. As Lumb and
Moore [9] pointed out: “obtaining a set of controls
presents a challenge, as it would be ethically unsound to
put a control child through an unnecessary surgical
biopsy.” Therefore, our study adhered to their ethical
considerations and used cadaveric material, with no
history of constipation. The tissue was obtained within
1.5–4 h of death, which significantly reduced any post-
mortem artefacts.

In contrast to other authors [1, 17, 18], this study did
not analyse density by counting the distribution of ganglia
per defined area. Instead, it introduced a new procedure,
which is more relevant to the needs of routine daily
diagnostics. The indiscriminate analysis of a pre-defined
number of ganglia permits data to be more easily
compared with other samples. Thus, because it excludes
alterations due to advancing age, it serves as internal
reference data.

Our data support this approach. There is a clear
correlation between age and the distance between the
ganglia. With increasing age, the distance between the
ganglia increases. This means, that for diagnostic pur-
poses, the ganglion density of diagnostic specimens can
only be compared with data of defined controls of similar
age. However, to date no sets of age-related control data
have been published.

In a second approach, in order to test for inter-
individual variations, the pattern and distribution of
ganglia were evaluated for seven defined anatomical

Table 1 All values given for four different age-related cohorts (groups a–d)

Group a Group b Group c Group d

Gestation less than
35 weeks

1–365 days 1–14 years 15 years to greater than
70 years

A Mean number of ganglion cells per ganglion 6.10 4.81 4.31 3.84
Standard deviation 4.16 2.8 2.88 2.32
Confidence interval 0.14 0.06 0.08 0.06

B Mean number of ganglion cells per ganglion
with greater than seven ganglion cells

10.71 9.088 9.55 9.01

Percentage of ganglion with greater than seven
ganglion cells

32.7% 21.5% 16.3% 11.2%

C Mean distance (mm) between ganglia 0.52 0.89 0.993 1.176
Standard deviation 0.512 0.913 0.895 1.047
Mean number of ganglia per millimetre 1.92 1.12 1.00 0.85
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localisations within the colon of each individual. In this
study, we established a standard for size and distribution
of ganglia within the submucous plexus in unaffected
controls, which might serve as a reference in future
studies on IND B or related disorders with bowel motility
disturbances.

Using this method to analyse 60 adjacent ganglia of the
submucous plexus for the distribution in the number of
ganglion cells per ganglion and the distance between the
ganglia, it could be shown that significant changes in the
pattern of ganglia take place during the final weeks of
pregnancy and in the first year of life. In that time period,
the mean number of ganglion cells per ganglion decreases
(from 6.10 to 4.81 per ganglion) and the percentage of
giant ganglia (with seven or more ganglion cells) decreas-
es from 32.7% to 21.5%, while the distances between the
ganglia increase from 0.52 mm to 0.89 mm. Although the
absolute values vary slightly between the localisations
within an individual, these findings are comparable for all
seven localisations that were tested.

Special attention focussed on the so-called giant
ganglia, which were arbitrarily defined [11] as ganglia
with seven or more ganglion cells. The number and
density of these giant ganglia within the submucous
plexus have been used [13, 14] as criteria for the
histological diagnosis of IND B with defined (but often
corrected pathological cut-off) values of 3–5% to 10%,
respectively of all ganglia. According to the criteria of the
Consensus Conference [3], IND B is defined as a
morphological entity, which is characterised by certain
quantitative distinctive marks in the submucous plexus,
namely the presence of giant ganglia, each containing
more than seven ganglion cells, with a frequency of more
than 10% of the evaluated ganglia (numerically adjusted
to the method presented here). Our data indicate a
spectrum of these so-called giant ganglia, falling between
21.5% in the neonatal period and 11.2% in adults. In
premature babies, (gestational age less than 35 weeks) the
rate of 32.7% is reached. This leads us to conclude that, if
the criteria of the Consensus Conference [3] are applied,
all the normal cases evaluated here would have to be
interpreted as IND B cases. Thus, we agree with the view
of Lumb and Moore [8, 9]—that the data on IND B
published to date [13, 14] do not show an independent
entity, but rather a variation of the normal.

The question of whether other criteria are suitable for
defining a morphological entity with a morbidity factor
can only be answered after further investigations. The
method shown here is suitable for carrying out a mor-
phometrical revisitation of a group of patients and
comparing it (the group) with age-correlated normal
values. A corresponding re-evaluation of specimens of
non-selected patients of our own, where an IND B had
previously been diagnosed according to the criteria of the
Consensus Conference [3], is in process.
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Abstract Peritoneal fibrosis is one of the most common
morphological changes observed in continuous ambula-
tory peritoneal dialysis (CAPD) patients. Both resident
fibroblasts and new fibroblast-like cells derived from the
mesothelium by epithelial-to-mesenchymal transition are
the main cells involved fibrogenesis. In order to establish
markers of peritoneal impairment and pathogenic clues to
explain the fibrogenic process, we conducted an immu-
nohistochemical study focused on peritoneal fibroblasts.

Parietal peritoneal biopsies were collected from four
patient groups: normal controls (n=15), non-CAPD ure-
mic patients (n=17), uremic patients on CAPD (n=27) and
non-renal patients with inguinal hernia (n=12). To study
myofibroblastic conversion of mesothelial cells, a-
smooth muscle actin (SMA), desmin, cytokeratins and
E-cadherin were analyzed. The expression of CD34 by
fibroblasts was also analyzed. Fibroblasts from controls
and non-CAPD uremic patients showed expression of
CD34, but no myofibroblastic or mesothelial markers.
The opposite pattern was present during CAPD-related
fibrosis. Expression of cytokeratins and E-cadherin by
fibroblast-like cells and a-SMA by mesothelial and
stromal cells supports that mesothelial-to-myofibroblast
transition occurs during CAPD. Loss of CD34 expression
correlated with the degree of peritoneal fibrosis. The
immunophenotype of fibroblasts varies during the pro-
gression of fibrosis. Myofibroblasts seem to derive from
both activation of resident fibroblasts and local conver-
sion of mesothelial cells.

Keywords Peritoneal dialysis · Myofibroblasts ·
Fibrosis · Epithelial-to-mesenchymal transition

Introduction

Continuous ambulatory peritoneal dialysis (CAPD) is an
alternative to hemodialysis for the treatment of end-stage
renal disease. Unfortunately, long-term exposure to hy-
perosmotic, hyperglycemic and acidic dialysis solutions
often causes a low-grade chronic inflammation and injury
to the peritoneum. Peritoneal fibrosis (or sclerosis) is one
of the most common morphological changes observed in
patients undergoing CAPD [9, 18, 29]. The degree of
peritoneal fibrosis correlates with the time on dialysis and
appears to be responsible for the progressive functional
decline of the peritoneum, which ultimately may cause
ultrafiltration failure. This functional decline of the
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peritoneum may be accelerated by recurrent or severe
episodes of peritonitis or hemoperitoneum [21]. The
pathophysiological processes that lead to peritoneal im-
pairment during long-term CAPD are not well under-
stood. Peritoneal fibroblasts entrapped in the stroma have
been classically considered as the main cells involved in
peritoneal fibrosis. In contrast, the mesothelial cells have
been considered, for long time, as mere victims of the
tissue insults induced by CAPD treatments. We have
previously demonstrated, in vivo and ex vivo, that
mesothelial cells undergo a transition from epithelial to
mesenchymal phenotype during CAPD, suggesting a
direct and active role for mesothelial cells in the tissue
fibrosis and ultrafiltration failure [34]. In addition, a
recent report has demonstrated that mesothelial cells
treated with transforming growth factor (TGF)-b acquire
myofibroblastic properties in vitro, including the upreg-
ulation of a-smooth muscle actin (a-SMA) and collagen-I
expression [32].

Myofibroblasts, which share biochemical and structur-
al features with smooth muscle cells and fibroblasts, have
been described in almost all human pathologies that
course with wide-spread tissue fibrosis [19]. The origin of
interstitial fibroblasts has been largely overlooked, and
their lineage is not fully elucidated. One hypothesis
argues that tissue fibroblasts derive from a subpopulation
of circulating leukocytes, termed fibrocytes, which ex-
press the progenitor marker CD34 [1, 6]. In this context,
subpopulations of CD34+ fibroblastic cells have been
observed distributed throughout the connective tissue of
many organs [25, 26]. Loss of expression of CD34 by
tissue fibroblasts has been described in several patholog-
ical conditions associated with fibrosis [2, 3, 4, 7, 11, 14,
23]. However, the meaning of this loss of CD34 expres-
sion is still unknown and has been used mainly for
diagnostic purposes. A second hypothesis propounds that
interstitial fibroblasts are formed by local conversion
from tissue epithelium by epithelial-to-mesenchymal
transition (EMT), which is particularly evident during
fibrotic repair following tissue injury [10]. In agreement
with this hypothesis, we have demonstrated that perito-
neal mesothelial cells undergo EMT in response to
inflammatory and mechanical injuries induced by CAPD
[34].

Regardless of the organ or tissue where fibrosis takes
place, the cellular and molecular mechanisms that lead to
fibrosis share many common features. In this study, we
conducted immunohistochemical analyses focused on
peritoneal fibroblasts to establish the pathogenic clues
of the fibrogenic process during CAPD and to identify
possible diagnostic markers of peritoneal impairment.
More precisely, we evaluated immunohistochemical
markers of myofibroblastic differentiation and EMT. In
addition, we evaluated the loss of CD34 expression as
marker of peritoneal fibrogenesis. In order to assess the
specificity of these changes, we also analyzed peritoneal
tissue samples with fibrosis unrelated to CAPD or uremia.
For this purpose, pathological hernia sac specimens were
obtained from patients with inguinal hernia.

Materials and methods

Patients

Biopsies were collected from four patient groups: (1) normal
control samples (n=15) of parietal peritoneum obtained from
autopsy cases and kidney donors; (2) uremic patients who had
never undergone CAPD (n=17); (3) uremic patients on CAPD
(n=27) and (4) non-renal patients with inguinal hernia (n=12). In
renal patients, surgery was undertaken for renal transplantation,
insertion or removal of the CAPD catheter or due to incidental
abdominal conditions. Table 1 shows the most relevant clinical
features of these patients, including supress episodes of peritonitis,
time on CAPD and peritoneal function. Informed consent was
obtained from all tissue donors.

Biopsy collection and processing

Except for the samples of visceral peritoneum and hernia sacs, all
the remaining samples were obtained from the parietal peritoneum
of the anterior abdominal wall. Samples measured 15–25�15–
25 mm. In order to avoid mesothelial artifactual detachment, they
were carefully manipulated and immediately fixed with neutral-
buffered 3.7% formalin (pH 7.3) for 12–24 h. While immersed in
formalin, they were gently attached to a flat surface to avoid
retraction. Afterward, samples were cut and embedded in paraffin
and then cut into 3-�m sections. When preparing the paraffin
blocks, special efforts were made to orientate the samples perpen-
dicular to the cutting surface. Sections were stained with hema-
toxylin-eosin, Masson trichromic and periodic acid-Schiff. For
immunohistochemistry, paraffin sections were mounted on pre-
coated slides, routinely deparaffinized and rehydrated and incubat-
ed with 3% hydrogen peroxide in methanol to block endogenous
peroxidase activity. Antigen retrieval was performed using a citric
acid solution (pH 6), which was heated with a microwave. Indirect
immunohistochemical studies were performed by means of a
dextran-polymer conjugate technique (EnVision+, Dako, Glostrup,
Denmark). Table 2 shows the antibodies used in the study. For
visualization, diaminobenzidine was used as chromogen. The
sections were counterstained with a light hematoxylin stain.

Sample analysis

Histological interpretation was performed using recently published
morphological criteria [29]. Morphological data regarding meso-
thelial status, thickness of submesothelial compact zone, hyaliniz-
ing vasculopathy and inflammation were recorded. In addition
to the thickness of the submesothelial layer, the presence of
dense, sclerotic areas of fibrosis was also evaluated. The density of
the mesothelial cells was measured using a semiquantitative scale
(grade 3, normal cell density; grade 0, complete denudation) as
described by Plum et al. [18]. For this purpose, the whole
mesothelial surface of the samples was analyzed. The mesothelial
layer was highlighted using anti-cytokeratin antibodies (AE1/AE3).
The thickness of the compact zone was measured with a graded
(micrometer) ocular. We used the same method as to measure
thickness of malignant melanoma. The pattern of a-SMA expres-
sion was depicted according to the number of positive fibroblast-
like cells, distribution and clustering tendency. The number of
positive cells was measured using a semiquantitative scale: (0)
absence; (1) isolated positive cells (<15%); (2) frequent positive
cells (15–35%) and (3) abundant positive cells (>35%). According
to their tissue location, three areas were established: (a) superficial,
when fibroblast-like positive cells were present in the mesothelial
surface; (b) upper submesothelial level and (c) lower submesothe-
lial area. Finally, the presence of clusters of a-SMA+ cells was
recorded. Clusters were defined when a grouping tendency of
positive cells was present. These groups were well defined, with
high cellular density and showed a variable number of cells usually
greater than 30. Clusters were surrounded by areas of a-SMA-
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negative cells. The expression of cytokeratins and E-cadherin by
submesothelial fibroblast-like cells was recorded as positive or
negative with no further quantification. CD34 expression was
measured using a semiquantitative scale: (0) absence; (1) scarce
positive cells (<20%); (2) many positive cells with a homogeneous
distribution and recognizable network; (3) abundant positive cells
(>70%) forming a reticular network. Results of CD34 were
compared with those of CD31 to avoid confusion with endothelial
cells. To exclude hypocellularity as a reason for CD34 loss of
expression, these results were compared with those of vimentin.
Histological parameters from hernia sac specimens were not
compared with the other specimens due to the different source of
the sample, surgical manipulation and the impossibility for a
correct orientation of the sample.

In toto experiment

For in toto studies, samples of normal parietal and visceral
peritoneum (omentum) were taken from patients with elective
abdominal surgical procedures. Patients had no infection, neoplasm
or renal disorder. Samples were immediately introduced in a sterile
recipient with saline solution. In sterile conditions, they were
divided into four pieces, which were carefully extended in a corked

petri-dish and fixed with pins. One specimen was fixed with
formalin (basal control). The remaining three pieces were flooded
with culture medium. One sample was stimulated with TGF-b
(1/2000, 0.5 ml/ml), and IL-1 (1/1250, 1.2 ml/ml), during 24 h. A
second one received the same stimulus during 48 h. The fourth
sample remained in culture medium without treatment during 48 h
(control). Samples were kept at 37	C and 5% CO2. After 24 h or
48 h, the samples were washed with a buffered solution, fixed with
formalin and processed routinely.

Statistical analysis

The mean and standard deviation of the semiquantitative scores
were calculated for each group of patients. Data were evaluated
using the SPSS 9.0 for Windows package. The differences in the
scores among the groups were analyzed with the Kruskal-Wallis
non-parametric test. Values of P<0.05 were considered significant.
Differences between groups were ascertained by performing pair-
wise comparison with the Mann-Whitney U test, and the level of
significance was obtained with the adjusted Bonferroni method.

Results

Histological parameters in uremic non-CAPD
and CAPD patients

The mesothelial layer was largely preserved in control
and uremic non-CAPD patients (2.53€0.83 and 2.71€
0.47, respectively). As previously described [18, 29],
CAPD patients showed a lower density of mesothelial
cells (1.25€0.85, P<0.05). As shown in Table 3, normal
controls and non-CAPD uremic patients showed similar
thickness of the submesothelial compact zone (91.33€
46.65 and 111.76€36.91, respectively). In contrast, most

Table 2 Antibodies used in the study. SMA smooth muscle actin

Antigen Clone Source Dilution

a-SMA 1A4 Dako 1/50
Muscle actin HHF35 Dako 1/75
Desmin D33 Dako Prediluted
Cytokeratins AE1/AE3 Immunon Prediluted
E-cadherin 36 BD Biosciences 1/250
CD34 My10 Becton-Dickinson 1/30
CD34 QBEnd10 Dako Prediluted
CD31 JC70A Dako 1/20
Vimentin V9 Dako 1/50

Table 1 Clinical data of the
patients on peritoneal dialysis.
MTAC mass transfer coefficent

Patient Age
(years)/sex

Time on peritoneal
dialysis (months)

Episodes
of peritonitis

Time since
last peritonitis

Previous urea/Cr
MTAC (ml/m)

1 55/female 77 6 14 14.2/3.6
2 44/female 8 0 - 16.9/5.5
3 61/female 21 0 - 21.9/7.4
4 71/femal 16 0 - 29/8.7
5 47/male 3 1 6 23.9/12
6 53/male 18 0 - 22/9.1
7 48/female 11 1 6 11.8/7.4
8 74/male 10 0 - 25.8/11.7
9 72/male 22 1 6 26.8/11.5

10 69/male 10 2 27.6/14.5
11 49/female 22 2 17 27.4/14
12 49/female 12 0 - 19/9.5
13 22/female 11 0 - 15.1/3.8
14 23/female 29 0 - 23/9
15 33/female 7 0 - 24.7/6.7
16 48/male 20 1 6 25.5/14
17 46/male 7 0 - 27.8/19.9
18 47/female 4 0 - 18.2/8.7
19 77/male 3 0 - 32.6/13
20 50/male 14 0 - 27.6/15.5
21 46/male 15 0 - 14.1/7.7
22 46/female 44 0 - 22/10.2
23 38/female 86 5 4 16.5/4.3
24 44/female 30 0 0 22.8/9
25 52/female 5 0 - 19.9/11.4
26 54/male 82 1 0.2 22.2/9.4
27 66/male 12 0 - 22.3/9.2
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patients on CAPD showed submesothelial fibrosis
(277.92€155.16, P<0.05). The existence of CAPD pa-
tients with no fibrosis was responsible for wide variations
within this group. Although non-CAPD uremic patients
showed greater submesothelial thickness than normal
controls, these differences were not statistically signifi-
cant. Two patients on CAPD showed advanced lesions of
hyalinizing vasculopathy (grades 3). Both were long-
standing CAPD patients and showed submesothelial
fibrosis. Another four showed grade 1–2 lesions. Except
for two patients who showed a moderate chronic inflam-
matory infiltrate, no other histological signs of peritonitis
were present.

Myofibroblasts are found in peritoneal fibrosis

Results are summarized in Table 3. Neither fibroblasts
nor mesothelium from control or non-CAPD uremic
patients showed a-SMA, muscle actin or desmin. Smooth
muscle cells from the vessel wall were used as a positive
internal control. Myofibroblasts were observed in the
peritoneal samples of 19 (70.4%) patients on CAPD. In 9
(33.3%), they were a common finding (grades 2 or 3).
They showed no relation with time on dialysis or intensity
of fibrosis. Myofibroblasts were present in the three
patients that were on CAPD treatment for less than
4 months. Of the 19 biopsies showing myofibroblasts, 11
(57.9%) were located exclusively in the upper subme-
sothelial level, near the mesothelial surface (Fig. 1A, B).
A remarkable finding was the clustering tendency of
myofibroblasts. It was evident in nine cases (47.4%).
Clusters were located in the upper submesothelial area
and were surrounded by areas of a-SMA-fibroblasts
(Fig. 1B). In many of these clusters, myofibroblasts
coexisted with cytokeratin+ fibroblastic cells and loss of
CD34 expression. Myofibroblasts showed no relation to
blood vessels. In five cases (26.3%), there was evidence
of a-SMA expression in mesothelial cells (Fig. 1D, E).
The location, polygonal morphology and expression of
cytokeratins permitted their recognition as mesothelial
cells (Fig. 1F). In addition, 11 cases (57.9%) showed a-
SMA+ fibroblast-like cells in the mesothelial surface
(Fig. 1C). As described in a previous report [34], these

cells expressed cytokeratins and corresponded to modi-
fied mesothelial cells.

Similar results were observed in the group of perito-
neal samples from non-renal patients with inguinal
hernia. Myofibroblasts were present in 11 of the 12
(91.7%) samples. In 7 (58.3%), they were a common
finding. Of the 11 (72.7%) cases with myofibroblasts, 8
showed expression in superficial fibroblast-like cells. In 3
(27.3%), preserved mesothelial cells showed positive
expression. A similar clustering tendency and superficial
location of myofibroblasts was observed in this group.

Expression of cytokeratin and E-cadherin
in a subset of submesothelial fibroblasts in patients
with peritoneal fibrosis

Submesothelial fibroblasts from normal controls and non-
CAPD uremic patients showed no expression of cyto-
keratins or E-cadherin. In both groups, the expression was
confined to surface mesothelial cells. However, a subset
of peritoneal fibroblasts from CAPD patients and hernia
sac specimens showed cytokeratin and E-cadherin ex-
pression (Table 3). As in the case of a-SMA, cytokeratin
expression was mainly located in the upper submesothe-
lial area (Fig. 2A, B). Positive cells exhibited a spindle
morphology and were completely surrounded by extra-
cellular matrix (Fig. 2B, C). Some of these spindle cells
also showed E-cadherin expression (Fig. 2D). This
expression was located in the cytoplasm rather than in
the cytoplasmic membrane, as it is normally seen in
mesothelial cells. Both cytokeratin and E-cadherin ex-
pression are evidence of EMT of mesothelial cells during
CAPD- and hernia-related peritoneal fibrosis. Given that
the expression of cytokeratins and E-cadherin is gradually
downregulated during the transdifferentiation of the
mesothelial cells [34], it can be speculated that the
fibroblast-like cells positive for these markers represent
only a portion of the whole population of fibroblast that
derive from the mesothelium.

Table 3 Pathological and immunohistochemical findings in peritoneal biopsies. MF myofibroblast, SMA smooth muscle actin

Patients Submesothelial
thickness (mm)

MF Superficial
a-SMA+ cells

MF
clusters

a-SMA+
mesothelial cells

CK+
fibroblasts

E-cadherin+
fibroblasts

CD34

Normal controls
(n=15) mean€SD

91.33€46.65 - - - - - - 2.47€0.52

Uremic controls
(n=17) mean€SD

111.76€36.91 - - - - - - 2.41€0.62

Peritoneal dialysis
patients (n=27)
mean€SD

277.92€155.16 70.4% 57.9%* 47.4%* 26.3%* 48.1% 25.9% 0.83€0.83

Hernia sac patients
(n=12) mean€SD

Not present 91.7% 72.7%* 50%* 27.3%* 75% 33.3% 1€0.95

* Of the cases with myofibroblasts
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Fig. 1 Expression of a-smooth muscle actin in peritoneal samples
from peritoneal dialysis patients. Myofibroblasts were located in
the upper submesothelial level (A, B) and showed a clustering
tendency (B). In addition to submesothelial cells, superficial cells

with fibroblast morphology also showed positive expression (C).
Immunoexpression was evident in a small subset of mesothelial
cells with preserved morphology (D, E). Mesothelial cells also
expressed cytokeratins (F, from the same patient as E)

251



The expression of CD34 on submesothelial resident
fibroblasts is lost in patients with peritoneal fibrosis

Expression of CD34 was observed on resident fibroblasts
of normal controls and non-CAPD uremic patients, with
no differences between these two groups (2.47€0.52 and
2.41€0.62, respectively). The pattern of CD34 expression
was a meshwork of slender cellular processes that
extended from the immediate submesothelial layer to
deeper levels (Fig. 3A, B). Immunoexpression was
uniform, with no negative areas. Just below the mesothe-
lial cell layer, the expression was greater, creating the
impression of a continuous layer. The pattern of CD34
expression was similar in samples from visceral perito-
neum. CD34 expression was evaluated using antibodies
raised against different epitopes (My10, QBEnd/10). This
suggests a true expression of the CD34 antigen rather than
a cross-reaction phenomenon. The majority of patients on
CAPD and peritoneal samples of hernia sac showed a
partial loss of CD34 immunoexpression when compared
with controls (0.83€0.82 and 1€0.95 respectively,

P<0.001) (Fig. 3C, D, E). This was associated with areas
of fibrosis and was greater in the upper submesothelial
level (compact zone), with a tendency to show normal
expression in the lower levels. Submesothelial thickness
correlated inversely with CD34 immunoexpression
(r=
0.724, P<0,001). In a few cases, the CD34 expression
was variable, with negative and positive areas within the
same sample (mixed pattern). They were graded accord-
ing to the most abundant pattern of expression. Positive
areas correlated with normal submesothelial morphology,
with loose bands of collagen instead of sclerosis. The
normal CD34 expression on endothelial cells was used as
a positive internal control. Vimentin expression (Fig. 3F)
of fibroblasts demonstrated that hypocellularity was not
responsible for CD34 negative results.

TGF-b and IL-1 induce downregulation of CD34 in toto

To verify that the loss of CD34 correlated with resident
fibroblasts activation, we performed an in toto experi-

Fig. 2 Immunoexpression of cytokeratins was observed in superficial (A) and deeply located (B, C) cells with fibroblastic morphology. In
addition, a subset of submesothelial cells showed cytoplasmic expression of E-cadherin (D)

252



Fig. 3 Parietal (A) and visceral (B) peritoneum of normal controls
showed an intense, submesothelial immunoexpression of CD34.
Note the absence of expression in mesothelial cells. Samples with
submesothelial fibrosis, either from peritoneal dialysis patients (C,
E) or hernia sac specimens (D) showed a marked reduction in the

expression of CD34. Its normal expression in endothelial cells
(positive internal control) is preserved. The absence of expression
is not due to cell loss since numerous negative fibroblasts are
clearly visible and express vimentin (F)
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ment, in which samples of omental and parietal peritoneal
tissue were split into four pieces, which were either
treated or not with TGF-b and IL-1 for 24 h or 48 h. All
the samples were processed simultaneously. The two
control samples (at 0 h and 48 h, without TGF-b and IL-1)
showed a preserved expression of CD34 in submesothe-
lial fibroblasts (Fig. 4A). Similarly, samples incubated
with TGF-b and IL-1 for 24 h showed a minimal
downregulation of CD34 expression (not shown). How-
ever, a significant loss of expression was observed in the
sample incubated with TGF-b and IL-1 for 48 h (Fig. 4B).
These results indicate that activation of peritoneal fibro-
blasts induces the downregulation of CD34, as happens in
endothelial cells [8].

Discussion

In this report, we show that the immunophenotype of
submesothelial fibroblasts varies during the development
of peritoneal fibrosis. The molecular markers analyzed
show a sharp contrast between fibroblasts of normal and
non-CAPD uremic peritoneal samples and those localized
in peritoneal fibrotic tissue. Fibroblasts from normal
controls and uremic patients show neither myofibroblastic
nor mesothelial markers, but they exhibit an intense
expression of CD34. The exact opposite immunopheno-
typical pattern is present under fibrogenic conditions. Our
results indicate that myofibroblasts involved in fibrogen-
esis derive from both activation of resident fibroblasts and
local conversion of mesothelial cells. In addition, this
information is useful for the differentiation between
quiescent and activated fibroblasts.

The simplest definition of myofibroblasts is that of
smooth-muscle-like fibroblasts (a-SMA+ fibroblasts) [19,
20]. They show contractile capacity and are major
producers of matrix molecules such as collagen, gly-
cosaminoglycans, tenascin and fibronectin. According to

the presence of vimentin (V), a-SMA (A) and desmin (D),
different types of myofibroblasts have been described.
Those identified in our study corresponded to VA-type
myofibroblasts. Myofibroblasts have been implicated in
almost all the fibrogenic situations that take place in
human pathology [19]. Only few reports have mentioned
their presence in CAPD patients [13, 15, 22]. The present
study demonstrates that myofibroblasts are a common
finding during peritoneal fibrosis, but their presence and
quantity are not related to time on dialysis, nor to the
degree of fibrosis. Similar results were obtained by
Mateijsen et al. [13] and Shioshita et al. [22]. Our series
included three patients with less than 4 months on dialysis
who showed myofibroblasts. These findings demonstrate
that myofibroblastic differentiation takes place during the
initial phase of treatment and that it precedes the
morphological appearance of fibrosis. The constant and
periodic exposure to dialysis fluids will maintain the
stimuli for myofibroblastic activation, independently of
the time on dialysis or fibrosis status. Another remarkable
finding of this study was the tendency of myofibroblasts
to distribute in clusters, suggesting the existence of a local
transforming environment.

Regarding the origin of myofibroblasts, transition from
epithelial cells has been described in renal tubular cells
under profibrogenic conditions [10, 24, 33]. A recent in
vitro report describes a similar conversion of mesothelial
cells into myofibroblasts [32]. Our study of the location
and distribution of a-SMA+ cells supports such a con-
version in vivo. Mesothelial cells and modified mesothe-
lial cells expressing a-SMA were observed. In addition, a
gradient in the distribution of myofibroblasts was evident.
Most were located in the upper submesothelium, in
continuity with the mesothelial surface. Myofibroblastic
conversion of mesothelial cells must be regarded as
another proof of EMT. Other useful markers that prove
such a transition are cytokeratins and E-cadherin. Under
normal conditions, both molecules are present in meso-

Fig. 4 In toto experiment. When compared with non-stimulated samples (A, control at 48 h), those that were treated with transforming
growth factor-b and interleukin (IL)-1 for 48 h (B) showed a partial loss of CD34 expression
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thelial cells and absent in fibroblasts. This study has
shown that, during fibrosis, these markers are expressed
in a subset of fibroblast-like cells. The fact that EMT can
be induced by advanced glycation end products (AGEs)
[17] is very relevant information, since AGEs are thought
to play an important pathogenic role in CAPD.

In this study, we have also demonstrated an intense
immunoexpression of CD34 in normal submesothelial
fibroblasts. Although mentioned in regard to the pleura [5,
28], it has not been evaluated previously in the perito-
neum. The pattern is similar to that observed in other
tissues [16, 27, 30, 31] and consists of a meshwork of
cellular prolongations that extend homogeneously from
the immediate submesothelial layer to deeper levels. This
pattern is preserved in non-CAPD uremic patients. How-
ever, it diminishes and disappears during peritoneal
fibrosis. A similar phenomenon of CD34 loss of expres-
sion has been described in other types of fibrosis, such as
that seen in the skin [2, 3, 11, 23] and in the fibrotic
response associated with several types of carcinoma [4, 7,
14]. The role of CD34+ fibroblastic stromal cells in the
fibrotic process is not well understood, and the exact
meaning of CD34 loss of expression is unknown. As it
happened in our study, loss of CD34 expression occurs in
cell cultures of endothelial cells. It can be induced by
inflammatory mediators, such as interleukin-1b, interfer-
on-g or tumor necrosis factor-a [8, 12]. These molecules
downregulate CD34 and induce upregulation of the
adhesion molecule ICAM-1 [12]. A similar phenomenon
seems to occur in submesothelial fibroblasts during tissue
fibrosis. In addition to CD34 downregulation, we also
have observed ICAM-1 expression in submesothelial
fibroblasts from CAPD patients [34].

Although, in our samples, the appearance of myofi-
broblasts was associated with loss of CD34 expression, it
is difficult to assess if the two are related. In a few cases,
myofibroblasts coexisted with a normal CD34 pattern.
However, in the majority of cases, and mainly in those
with clusters, an inverse relation was noted. A similar
phenomenon of CD34 loss and myofibroblastic transfor-
mation has been described for tissue and circulating CD34
fibrocytes [1, 7]. It has been observed under fibrogenic
conditions and can be induced by TGF-b [1].

One of the conclusions from this study is that, in
contrast to CAPD patients, fibroblasts from non-CAPD
uremic patients (predialysis or hemodialysis) showed a
normal immunophenotypical pattern. The fact that these
patients showed no significant submesothelial thickness
when compared with normal controls correlated with the
immunohistochemical findings. Another important con-
clusion is that, except for hyalinizing vasculopathy, the
findings described are not specific to CAPD. Similar
markers and mechanisms have been observed in fibrotic
peritoneal samples (hernia sacs) obtained from non-renal
patients with inguinal hernia. It reflects that the mecha-
nisms leading to fibrosis are similar, regardless of the
causal agent (chemical or mechanic).
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Abstract Connective tissue growth factor (CTGF) has
recently been recognized as an important profibrotic
factor and is up-regulated in various renal diseases with
fibrosis. The present study describes the sequential
localization of CTGF mRNA and its association with
transforming growth factor (TGF)-b1 in human crescentic
glomerulonephritis (CRGN). Furthermore, we examined
the phenotype of CTGF-expressing cells using serial
section analysis. Kidney biopsy specimens from 18
CRGN patients were examined using in situ hybridization
and immunohistochemistry. CTGF mRNA was expressed
in the podocytes and parietal epithelial cells (PECs) in
unaffected glomeruli. In addition, it was strongly ex-
pressed in the cellular and fibrocellular crescents, partic-
ularly in pseudotubule structures. Serial sections revealed
that the majority of CTGF mRNA-positive cells in the
crescents co-expressed the epithelial marker cytokeratin,

but not a marker for macrophages. Moreover, TGF-b1, its
receptor TGF-b receptor-I, and extracellular matrix
molecules (collagen type I and fibronectin) were co-
localized with CTGF mRNA-positive crescents. Our
results suggest that CTGF is involved in extracellular
matrix production in PECs and that it is one of the
mediators promoting the scarring process in glomerular
crescents.

Keywords CTGF · Crescentic glomerulonephritis ·
Parietal epithelial cell · Macrophage · Scar formation

Introduction

The scar formation in glomerular crescents is one of the
important factors in progressive glomerulosclerosis [17,
22]. However, the pathogenesis of scar formation in the
crescents is not clearly understood. Some inflammatory
cytokines and profibrotic growth factors, such as platelet-
derived growth factor (PDGF) and transforming growth
factor (TGF)-b have been implicated in the fibrous
progression of crescents [10, 11, 25]. However, the
molecules mediating TGF-b and PDGF signaling for
glomerular scar formation have not been clearly identi-
fied.

Connective tissue growth factor (CTGF/CCN2) was
originally isolated from the conditioned media of human
umbilical vein endothelial cells and belongs to a new
family (CCN family) of cysteine-rich proteins that are
induced by TGF-b1 [3, 5, 6]. CTGF has recently received
much attention as a possible fibrogenic factor of progres-
sive tissue fibrosis, angiogenesis, and bone formation [2,
6]. Increased expression of CTGF mRNA has been
reported in a variety of inflammatory glomerular and
tubulointerstitial lesions that are associated with cellular
proliferation and matrix deposition, including human
crescentic glomerulonephritis (CRGN) [15, 16, 30, 32, 33,
35]. These studies found that CTGF was localized in the
cellular crescents, but the cell types synthesizing the
CTGF and the sequential expression pattern of CTGF
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during the progression of CRGN still remain to be
elucidated.

The present study describes the sequential localization
of CTGF, the type of cell expressing CTGF mRNA, and
the relationship with TGF-b1 during the development of
crescents in human CRGN. Our results indicate that
CTGF is strongly expressed in the parietal epithelial cells
(PECs) of cellular crescents and that expression is
enhanced in pseudotubule structures. In addition, our
results suggest that CTGF may be involved in the
extracellular matrix (ECM) synthesis in crescents in
concert with TGF-b1.

Materials and methods

Specimens

Kidney biopsy specimens (n=18) with rapidly progressive glomer-
ulonephritis were selected for this study. Their clinical and
pathological features are listed in Table 1. Samples were fixed in
4% buffered formalin and embedded in paraffin. Sections were
stained with hematoxylin and eosin, and periodic acid-Schiff
(PAS).

In situ hybridization

A 540-bp cDNA fragment of rat CTGF (GenBank gi5070343 496–
1037) was amplified by polymerase chain reaction using the
following sense and antisense primers: 50-GCGTGTGCACTGC-
CAAAGAT-30 and 50-TAATACGACTCACTATAGCAGCCA-
GAAAGCTCAAACTTGA-30, respectively. The amplicon was
cloned in the pCR2.1-TOPO vector (Invitrogen, Breda, Nether-
lands). In vitro transcription was performed using T7 RNA
polymerase and digoxigenin (DIG)-conjugated UTP (Roche,
Mannheim, Germany) to produce DIG-labeled antisense ribo-
probes. Sections were deparaffinized and digested with 10 mg/ml
proteinase K (Wako, Osaka, Japan) for 10 min at 37�C. DIG-
labeled riboprobes (1 mg/ml) were then added to a hybridization
solution containing 50% deionized formamide, 5�sodium saline
citrate (SSC), 1% sodium dodecyl sulfate, 50 mg/ml heparin, and
50 mg/ml yeast RNA (Roche). Hybridization was performed for
18 h at 50�C. Subsequently, the slides were washed once with
5�SSC containing 50% formamide and then twice with 2�SSC for
30 min. Sections were then blocked with 0.5% blocking reagent
(Roche) and incubated with alkaline phosphatase-conjugated Fab
fragments of a sheep anti-DIG antibody (1:1000 dilution; Roche)
for 16 h at 4�C. Bound alkaline phosphatase activity was visualized
with nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl
phosphate (NBT/BCIP, Roche).

Immunohistochemistry

Immunohistochemistry was performed on serial sections to detect
cytokeratin (anti-pan-cytokeratin antibody, 1:200, C-11; Sigma,
Tokyo, Japan), synaptopodin (anti-synaptopodin antibody, 1:2,
G1D4; Progen, Heidelberg, Germany), macrophages (anti-CD68
antibody, 1:300, PG-M1; Dako, Kyoto, Japan), collagen type I
(anti-human collagen type I antibody, 1:100, AB745; Chemicon,
Temecula, CA, USA), fibronectin (anti-human fibronectin anti-
body, 1:200, ICN; Aurora, OH, USA), TGF-b1 (anti-TGF-b1
antibody, 1:100, sc-146; Santa Cruz, CA, USA), and TGF-b
receptor type I (anti-TGF-b receptor I antibody, 1:100, sc-399;
Santa Cruz). Briefly, after deparaffinization using xylene and a
graded alcohol series, sections received an autoclave pretreatment
(120�C for 10 min). After blocking of the endogenous peroxidase
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activity with 0.6% H2O2, sections were incubated with a primary
antibody for 16 h at 4�C. Immunoreaction products were detected
using an avidin-biotin-peroxidase complex (MAX-PO multi kit;
Nichirei, Tokyo, Japan) and 303-diaminobenzidine in phosphate
buffered saline with 1% H2O2. Counter-staining was performed
with hematoxylin.

Pathological examination

The types of crescent identified in PAS-stained glomeruli were
classified as follows. Cellular crescents consisted of at least two
layers of cells occupying more than a quarter of Bowman’s space,
without appreciable accumulation of ECM. Fibrous crescents were
comprised of abundant ECM, with few, if any, nuclear profiles
identified. Fibrocellular crescents were recognized as an interme-
diate between the cellular and fibrous crescents. For each crescent,
the intensity scores of CTGF mRNA, CD68, and cytokeratin were

Fig. 1 Serial section analysis of connective tissue growth factor
(CTGF) mRNA, cytokeratin, CD68, and synaptopodin (Case no. 5).
A Periodic acid-Schiff staining. Glomeruli reveal pronounced
cellular crescent formation. B CTGF mRNA (in situ hybridization).
CTGF mRNA is strongly expressed in the cellular crescents. C

Cytokeratin (immunohistochemistry, IHC). CTGF mRNA-positive
cells also strongly express cytokeratin. D CD68 (IHC). The
macrophage marker CD68 is nearly absent from the crescents. E
Synaptopodin (IHC). The podocyte marker synaptopodin is virtu-
ally absent from the crescents. Magnification �400

Table 2 Pathological scores for
connective tissue growth factor
(CTGF) mRNA, CD68, and
cytokeratin in crescentic glo-
merulonephritis. Staining score
was graded as follows: 0=neg-
ative, 1=mild, 2=moderate,
3=strong, according to intensity
in each crescent. Data represent
the mean €SD. N.S. not signif-
icant

*P<0.01
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estimated according to the following scale: 0 = none; 1 = weak; 2 =
moderate; 3 = strong.

Statistical analysis

All values are expressed as the mean€SD. Statistical significance
was evaluated using a one-way analysis of variance with the
Student’s t-test using the Statview 5.0 software (Abacus Concepts,
Berkeley, CA, USA). P<0.01 was considered significant.

Results

PECs expressed CTGF mRNA

In our specimens, the crescents were predominantly
composed of PECs, as revealed by the expression scores
for cytokeratin and CD68 (Table 2). Synaptopodin-pos-
itive cells were absent in the crescents. The cellular and
fibrocellular crescents strongly expressed CTGF mRNA,
and they also expressed cytokeratin in serial sections.
CD68-positive cells were virtually negative for CTGF.

The decreases in both the CTGF mRNA and cytokeratin
scores were coincident with the fibrotic changes (Fig. 1).

Sequential expression of CTGF mRNA in the crescents

In glomeruli with minor abnormalities, CTGF mRNA was
predominantly expressed in podocytes and some PECs
(Fig. 2A). Some interstitial cells also exhibited CTGF
mRNA. In the crescentic glomeruli, CTGF mRNA was
strongly expressed in the cellular crescents (Fig. 2B, C,
score = 2.29€0.42, Table 2). In contrast, the expression of

Fig. 2 Connective tissue growth factor (CTGF) mRNA expression
in human crescentic glomerulonephritis. A Minor glomerular
abnormality (case no. 9). CTGF mRNA is expressed in podocytes
and parietal epithelial cells. B and C Cellular crescents (case no. 15,
serial sections). CTGF mRNA is strongly expressed in the cellular

crescents. D–F CTGF mRNA is also expressed in the pseudotubule
structures (arrows) in the crescents (case no. 5, serial sections).
Cytokeratin is also expressed in the pseudotubule structures. A, C,
E CTGF mRNA (in situ hybridization). B, D Periodic acid-Schiff
staining. F Cytokeratin (IHC). Magnification �400

Fig. 3 Serial section analysis of connective tissue growth factor
(CTGF) mRNA, transforming growth factor (TGF)-b1, TGF-b
receptor-I, and extracellular matrix molecules in crescentic glo-
merulonephritis. A–F Cellular crescents (case no. 3). CTGF mRNA
(B) is expressed in cellular crescents (A) with co-localization of
TGF-b1 (C) and TGF-b receptor-I (D). Cellular crescents also
express collagen type I (E) and fibronectin (F). G–L Fibrocellular
crescents (case no. 10). CTGF mRNA (H) is strongly expressed
along the crescentic lesions (G) with co-localization of TGF-b1 (I)
and TGF-b receptor-I (J). Fibrocellular crescents appear to show
stronger expression of collagen type I (K) and fibronectin (L) than
cellular crescents. Magnification �400
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CTGF mRNA was lower in fibrocellular crescents (image
not shown, score=0.92€0.31) and almost absent in fibrous
crescents (image not shown, score=0.14€0.04). Moreover,
CTGF mRNA expression was enhanced in the pseudo-
tubule structures, where cytokeratin was also expressed
(Fig. 2D, E, F).

CTGF mRNA is associated with TGF-b1
and ECM production

Since TGF-b1 is known as a potent inducer of CTGF, the
expressions of TGF-b1 and its type-I receptor (TbRI)
were examined with respect to CTGF mRNA expression
using serial sections. TGF-b1 and TbRI were strongly
expressed in cellular (Fig. 3C, D) and fibrocellular
(Fig. 3I, J) crescents accompanied by CTGF mRNA
(Fig. 3B, H). In addition, collagen type I and fibronectin
were also both expressed in cellular (Fig. 3E, F) and
fibrocellular crescents (Fig. 3K, L). The staining inten-
sities for collagen type I and fibronectin were higher in
fibrocellular crescents than in cellular crescents.

Discussion

The role of CTGF in kidney pathology has been inves-
tigated in human and animal renal diseases. Studies on
mesangial proliferative diseases, such as Thy-1.1 nephri-
tis or diabetic glomerulosclerosis, showed that CTGF
enhances ECM synthesis, induces apoptosis in mesangial
cells, and may contribute to the remodeling of mesangial
regions [16, 30, 31, 32]. Studies on tubulointerstitial
fibrosis showed that CTGF induces ECM synthesis and
the transformation to myofibroblasts by expression of a-
smooth muscle actin in renal fibroblasts [14, 35]. CTGF is
expressed in podocytes and parietal epithelial cells, and
its expression has also been noted in cellular crescents
[15]. The localization of CTGF and its synthesis during
the process of scar formation in crescentic glomeruli
provide insights into the role of this molecule in CRGN.
In this context, we analyzed serial sections for CTGF
mRNA and used immunohistochemistry during various
stages of human CRGN. Our results clearly demonstrate
that the majority of CTGF mRNA-positive cells in the
crescents express the epithelial marker cytokeratin, but
not CD68, a macrophage marker. Although de-differen-
tiated podocytes in focal segmental glomerulosclerosis
with cellular lesions, collapsing glomerulopathy, and
murine Denys-Drash syndrome have been reported to
express cytokeratin [24, 27, 29], many studies have
demonstrated that the major cellular components of
glomerular crescents are PECs [4, 18, 20, 26, 28, 34].
Thus, we conclude that proliferating PECs are the main
synthesizers of the CTGF in CRGN.

During scar formation in CRGN, cellular crescents
frequently reduce cell components associated with exces-
sive matrix deposition, leading to the fibrous changes
[17]. The present study demonstrates that CTGF mRNA,

which is strongly expressed in the cellular crescents,
declined in the fibrocellular crescents in parallel with the
matrix deposition and was absent in the fibrous crescents.
In addition, we found that TGF-b1 and TbRI were
immunohistochemically co-localized with CTGF mRNA
in the crescents, which had fibronectin and collagen-type-
I depositions. In the kidney, CTGF promoted renal
fibrosis under TGF-b1 stimulation in Thy-1.1 nephritis
and diabetic nephropathy [16, 23]. In vitro studies showed
that TGF-b1 increased CTGF expression in mesangial
cells, proximal tubular cells, and renal fibroblasts [1, 8,
12, 31, 33, 35]. Moreover, recombinant CTGF enhances
the expression of various ECM proteins, including fibro-
nectin and collagen type I, in cultured mesangial cells [1,
23, 31]. Of note, we found that the upregulation of CTGF
was accompanied by TGF-b1- or PDGF-BB-mediated
stimulation of ECM synthesis in cultured rat PECs [19].
These results suggest that CTGF induces PECs to
stimulate matrix synthesis in the fibrocellular crescents,
leading to the scar formation.

Interestingly, we note that CTGF mRNA is strongly
expressed in the pseudotubule structures in crescents. The
so-called “pseudotubule” or “adenomatoid” structures in
crescents have been recognized as a remodeling process
that mimics embryological tubulogenesis [14, 21]. Recent
reports have indicated that CTGF may contribute to tissue
remodeling in the pancreas and urinary bladder following
inflammatory tissue damage [7, 9, 13]. Further studies are
needed to elucidate CTGF activities other than its
fibrogenic properties in the process of glomerular crescent
formation.

In summary, CTGF is predominantly localized in the
crescents of human CRGN. The high levels of CTGF
mRNA expression in the proliferating PECs and the lower
expression levels in the macrophages in crescents impli-
cate CTGF in the matrix synthesis by PECs and the
subsequent scar formation. In addition, we suggest that
CTGF is involved in the matrix synthesis in crescents in
concert with TGF-b1, known as a strong inducer of
CTGF.
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Abstract Background: Imatinib mesylate blocks the
tyrosine kinase activity of KIT (CD117) and is an
effective treatment for gastrointestinal stromal tumors.
In multiple myeloma, KIT expression has been detected
by flow cytometry in about 33% of specimens, but no
previous immunohistochemical assessment has yet been
made of the expression pattern of KIT. Materials and
methods: We performed immunohistochemical analyses
of 100 patients, including 72 with multiple myeloma
(MM), 8 with lymphoplasmacytic lymphoma (LPL), 10
with monoclonal gammopathy of undetermined signifi-
cance (MGUS) and 10 with reactive plasmocytosis. One
KIT-positive MM was sequenced using polymerase chain
reaction analysis. Results: In MM, only 2 cases (2.8%)
were KIT positive. The great majority of the cases (97,
2%) did not express the KIT receptor tyrosine kinase. No
mutation of the c-kit gene was detected. Conclusions:
KIT expression is a rare event in MM and not detectable
in MGUS and LPL. Therefore, treatment with imatinib is
unlikely to be effective in these patients.

Keywords KIT (CD117) · Multiple myeloma · Imatinib
mesylate

Introduction

Imatinib mesylate (Glivec) is a specific inhibitor of
tyrosine kinases, such as Abl, KIT (CD117) and platelet-
derived growth factor receptor (PDGF-R). Several studies
have shown the effectiveness of imatinib mesylate as a
molecular target treatment in chronic myelogenous leu-

kemia [9] via blockade of bcr-abl activity, in gastrointes-
tinal stromal tumors (GIST) [4, 15] via KIT inhibition and
in dermatofibrosarcoma protuberans [14] and hypere-
osinophilic syndrome [3] via interference with PDGF-R
activation. This has raised hopes that other malignancies
resulting from oncogenic activation of these kinases may
benefit from molecular target therapy.

Multiple myeloma (MM) is a malignant plasma cell
neoplasia, characterized by osteolytic lesions, marrow
plasmocytosis and monoclonal gammopathy [7]. Current-
ly, the therapy for MM includes conventional low-dose
chemotherapy or high-dose chemotherapy with autolo-
gous or allogeneic stem cell transplantation. Although the
tumor burden can be reduced, a complete and sustained
remission of disease is rare, and most of the patients
suffer from relapsing disease [16]. Therefore, novel
therapies are urgently needed. Because flow cytometry
has revealed KIT expression in 33% of MM (range 26–
43%) [1, 5, 10, 11, 12], aberrant KIT expression in MM
could provide the rationale for treatment with imatinib
mesylate. However, no immunohistochemical analysis
assessing the in situ expression of KIT in MM has been
performed prior to the study reported herein.

The aim of our study was to investigate KIT expression
by immunohistochemical analysis in a large cohort of
bone-marrow biopsies of patients with MM, monoclonal
gammopathy of undetermined difference (MGUS), lym-
phoplasmacytic lymphoma (LPL) and reactive plasmacy-
tosis (RP) to provide the histopathological basis for a pu-
tative molecular-targeted therapy with imatinib mesylate.

Materials and methods

Patients

We retrospectively reviewed bone marrow biopsies of 100 patients,
90 with monoclonal gammopathies (72 MM, 8 LPL and 10 MGUS)
and 10 with RP, retrieved from the archives of the Institute of
Pathology, University of Basel.

The diagnoses of MM, LPL, MGUS and RP were established by
histomorphology and immunohistochemistry. All specimens were
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reviewed and reclassified according to the World Health Organi-
zation classification criteria [6].

Immunohistochemistry

Serial sections 4-mm thick of 99 SUSA- and 1 formalin-fixed
paraffin-embedded bone-marrow biopsies were used for immuno-
histochemical studies. The primary antibodies used in this study
and types of antigen retrieval performed are summarized in Table 1.

Heat-induced antigen retrieval was performed in a microwave
in ethylene diamine tetraacetic acid buffer (pH 8.0). An automated
modified streptavidin-biotin system (Ventana Medical Systems,
Tucson, AZ) was used for immunohistochemical staining. Mast
cells served as internal positive control and a mutation-confirmed
GIST as external positive control for CD117. Moreover, to obtain
definite specificity control for CD117, the reaction was blocked by
pre-incubation of the primary antibody with the specific antigen
(10 nmol/ml diluted antibody, Novocastra). Positivity was defined
as more than 10% KIT-positive plasma cells, considering only a
membranous staining pattern.

Polymerase chain reaction sequence analysis

One MM with moderate CD117 staining was selected for KIT
mutation analysis [the MM with weak CD117 staining could not be
analyzed by polymerase chain reaction (PCR) due to SUSA fixation
of the bone marrow biopsy]. Deparaffinizing the formalin-fixed
tissues and DNA extraction was performed using a commercial
DNA extraction kit (Qia Amp DNA mini-kit, Cat. #51304, Qiagen
GmbH, Hilden, Germany). Exons 2, 8, 9, 11, 13 and 17 were
amplified using a semi-nested PCR approach and were sequenced
using the Big Dye Terminators Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, Foster City, CA). The primers were
designed based on a previously published sequence of the human c-
kit gene [2]. Sequence products were analyzed on an ABI Prism 310
Genetic Analyzer (Applied Biosystems; Foster City, CA, USA).

Results

Patients

The median age of the various patient populations was:
MM (41 males and 31 females) 66 years (range: 31–
89 years), LPL (8 males) 70 years (range: 52–81 years),
MGUS (3 males and 7 females) 64 years (range: 36–
80 years) and RP (5 males and 5 females) 73 years (range:
52–81 years) (Table 2).

Immunohistochemistry

The monotypic immunoglobulin detected in the 72 MM
patients was IgG in 53% (21% kappa and 32% lambda)
and IgA in 28% (15% kappa and 13% lambda). Mono-
typic light chains only were observed in 19% (equal
distribution of kappa and lambda). In the eight LPL
patients, IgM-kappa was found in 75% and IgM-lambda
in 25%. In the ten MGUS patients, the M-component was
IgG in 60% (kappa in 50% and lambda in 10%), IgA-
lambda in 20%, IgM-kappa in 10% and only light chain
(lambda) in 10%, respectively. Of the 72 MM cases, two
(2.8%) were immunohistochemically KIT positive. One
case (IgG-kappa) showed a moderate membranous ex-
pression in nearly 100% of the plasma cells (Fig. 1A, B,
C), and the other case (IgG-lambda) showed a weak
expression in 50% of the plasma cells (Fig. 2). Of MM,
97% (70/72) were KIT negative, and 100% of LPL,
MGUS and RP were KIT negative.

Table 1 Primary antibodies
and antigen retrieval tech-
niques. MW microwave-based
antigen retrieval with ethylene
diamine tetraacetic acid buffer,
pH 8.0

Antibody Clonality Antigen retrieval Dilution Source Code number

CD117 Polyclonal MW; 100�C, 150 1:40 Dako A4502
CD138 Monoclonal MW; 100�C, 150 1:15 Dako M7228
IgG Polyclonal None 1:5000 Dako A0423
IgA Polyclonal None 1:10,000 Dako A0262
IgM Polyclonal None 1:5000 Dako A0425
Light chain l Polyclonal None 1:10,000 Dako A0193
Light chain k Polyclonal None 1:10,000 Dako A0191

Table 2 Patient characteristics.
LPL lymphoplasmacytic lym-
phoma, MGUS monoclonal
gammopathy of undetermined
significance

Multiple myeloma LPL MGUS Reactive plasmocytosis

General data

Number of patients 72 8 10 10
Median age,

years (range)
66 (31–89) 70 (52–81) 64 (36–80) 73 (52–81)

Gender male 41 8 3 5

M-component

IgG, kappa 21% 50%
IgG, lambda 32% 10%
IgA, kappa 15% 0%
IgA, lambda 13% 20%
IgM, kappa 0% 75% 10%
IgM, lambda 0% 25% 0%
Lambda, only 9.5% 10%
Kappa, only 9.5% 0%
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KIT positivity in mast cells serving as internal control
was detected in all cases. The definitive specificity
control of the two positive MM cases was obtained by
pre-incubation of the primary antibody.

PCR

DNA was extracted from the MM case with moderate
KIT expression and amplified and sequenced as de-
scribed. No mutation of the exon 2, 8, 9, 11, 13 and 17 of
the c-kit gene was detected.

Discussion

In the present study, we have shown that KIT is rarely
expressed in MM. Only 2 of 72 cases (2.8%) demonstra-
ted immunohistochemically detectable expression, and all
cases of MGUS, RP and LPL were KIT negative.

To our knowledge, this is the first study to systemat-
ically analyze KIT expression in plasma cells on paraffin
sections. Yang et al. assessed the immunophenotype of
cutaneous and extracutaneous mast cell disease on
paraffin sections and included in their study, four cases
of MM without finding KIT expression [17]. Natkunam et

Fig. 1 Bone marrow with diffuse infiltration of atypical plasma
cells in multiple myeloma (Giemsa, �63) (a). Immunostaining for
CD138 (�40), showing a strong positivity of malignant plasma cells

(b). Immunostaining for CD117 (�40) with moderate positivity in
malignant plasma cells (c)
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al. analyzed the utility of paraffin section immunohisto-
chemistry for KIT in the differential diagnosis of systemic
mast cell disease involving the bone marrow and found no
expression of KIT in various B-cell lymphomas or plasma
cell tumors [8]. The slight discrepancy in KIT detection
between immunohistochemistry and flow cytometry is not
unusual and may be related to fixation and processing or
to the specificity of the anti-CD117 antibodies employed.

Based on our large series of 72 cases and these few
reports from the literature, we conclude that MM is not a
candidate disease for treatment with imatinib mesylate, as
the majority of cases do not express the KIT target. This
conclusion is clearly corroborated by the fact that in the
B2225 study, an international multi-center trial assessing
the efficacy of imatinib mesylate in advanced/metastatic
malignancies, all six patients with MM (some expressing
KIT in >50% of plasma cells) showed disease progression
while under treatment with imatinib (personal communi-
cation with Novartis).

Thus, for the few cases of MM that show KIT
expression, demonstration of the imatinib target is not, in
itself, sufficient to achieve the expected clinical effects.
Obviously, the tyrosine kinase of the involved receptor
should be functionally active, such as in most cases of
GIST [13]. In general, activating oncogenic mutations of
target genes is a prerequisite for a clinical response to
imatinib therapy [3, 4, 9, 14, 15].

In agreement with the clinical data from the B2225
study (myeloma patients with disease progression while
under treatment), PCR analysis of our MM case with
moderate KIT expression revealed a wild-type gene
configuration, i.e., no mutations in exons 2, 8, 9, 11, 13
and 17. Another possible pathway of successful treatment

of MM patients with imatinib could be targeting PDGFR
signaling. We, therefore, tested several anti-PDGFR
antibodies, but did not obtain reliable and reproducible
results. Continuative mutational analysis was not possi-
ble, due to RNA/DNA degradation in SUSA-fixed tissue.
However, based on the clinical findings from the B2225
study mentioned above, a pathogenetic and therapeutic
role of PDGFR in MM is unlikely.

In summary, most cases of MM are immunohisto-
chemically KIT negative. The very few positive cases
probably do not show activating KIT mutations and,
therefore, will not respond to imatinib treatment.
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Abstract Ampulla of Vater cancers (AVC) are of clinical
relevance, as they represent more than one-third of
patients undergoing surgery for pancreaticoduodenal
malignancies and have a better prognosis than periam-
pullary cancers of pancreaticobiliary origin. The avail-
ability of cellular models is crucial to perform cell
biology and pharmacological studies and clarify the
relationship between AVC and pancreatic and biliary
cancers. Numerous cell lines are available for pancreatic
and biliary adenocarcinomas, while only two have been
reported recently for AVC. These were derived from a
poor and a well-differentiated AVC, and both had wild-
type K-ras and mutated p53. We report the establishment
of a novel AVC cell line (AVC1) derived from a
moderately differentiated cancer, having a mutated K-
ras, wild-type p53, and methylated p16. Thus, our cell
line adds to the spectrum of available in vitro models
representative of the different morphological and molec-
ular presentations of primary AVC. We further charac-
terized AVC1 for the expression of relevant cell surface
molecules and sensitivity to chemotherapeutic agents of
common clinical use. It expresses MHC-I and CD95/Fas,
while HLA-DR, CD40, CD80, CD86, MUC-1, MUC-2,
and ICAM-1/CD54 are absent. It has a low to moderate

sensitivity to both 5-FU and gemcitabine, at variance with
much higher sensitivity displayed by two pancreatic
ductal carcinoma cell lines. Lastly, AVC1 can be readily
xenografted in immunodeficient mice, making it a
suitable model for pre-clinical studies.

Keywords Periampullary cancer · Pancreaticobiliary ·
Cell line · Ampulla of Vater · Pancreas

Introduction

Cancers arising from the anatomical structures of the
ampulla of Vater (AVC) represent an important clinical
entity, as patients affected with AVC account for up to
36% of those undergoing surgery for pancreaticoduodenal
malignancies. These patients have a significantly better
prognosis compared with patients with ductal pancreatic
adenocarcinoma and, in fact, are the only patients among
those affected by cancers of biliopancreatic origin who
have a chance of up to 50% for a cure by surgery alone [2,
5, 13, 25, 28, 31, 34].

Numerous cell lines derived from pancreatic adeno-
carcinomas have been established and extensively char-
acterized (see [21, 32] for molecular characterization of
the most commonly used lines). In contrast, there is only
one report describing the establishment and characteriza-
tion of two cell lines derived from primary AVC [14].
Particularly true for rare neoplasms, the availability of
large amounts of viable, tumor-related material is limited,
and substantial progress is achievable only by the
exploitation of a cellular model.

In this report, we describe the isolation and character-
ization of a novel AVC cell line derived from a cancer of
unequivocal origin from the ampulla of Vater. This model
will be particularly useful in studies aimed at the
elucidation of molecular aspects of pancreatic periampul-
lary adenocarcinomas. In addition to extensive molecular
characterization, we also demonstrate that this unique cell
line has the capability to grow in nude mice.
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Materials and methods

Clinicopatholological data

The primary AVC was obtained from a 71-year-old female patient
who underwent pancreaticoduodenectomy in March 1997 with
curative intent. Informed consent was obtained according to the
Helsinki guidelines. Macroscopic examination revealed that the
papilla major was obstructed by a villous lesion of 0.8 cm in
diameter, which was histologically characterized as a moderately
differentiated papilla of Vater adenocarcinoma infiltrating the Oddi
muscle and focally extended to the duodenal mucosa (T1, N0, M0).
The patient died shortly after surgical intervention, due to
complications unrelated to disease.

Culture procedure

One-third of the lesion was removed under sterile conditions, a
portion was subjected to cryostat sectioning for pathological
analysis, and the remaining portion was transferred in Leibovitz
medium (Leibovitz L-15, BioWhittaker, Bergamo, Italy) kept at
4�C until transfer to the cell culture facility. For culture, the tissue
was finely minced and transferred into 6-well cell culture dishes
(Beckton-Dickinson, Milano, Italy) after re-suspension in RPMI
1640 containing 10% fetal bovine serum (FBS) (Gibco-BRL),
2 mM glutamine, 80 mg/ml gentamycin sulphate, and 2.5 mg/ml
amphotericin B (Sigma-Aldrich, Milan, Italy.). The cells were
maintained at 37�C in a humidified atmosphere with 5% CO2, and
the medium was changed twice a week. After the cells grew to 80%
confluency, we performed a controlled trypsinization to preferen-
tially remove the few contaminating fibroblasts, taking advantage
of the differential sensitivity to trypsinization. Additionally, the
rapid growth kinetics of this cell line (24 h) allowed for a rapid
elimination, within a few passages, of the remaining fibroblast
contamination.

Scanning electron microscopy

Glass coverslips were pretreated with carbonate buffer, washed,
and incubated with 20 mg/ml fibronectin and vitronectin (1/1) in
phosphate-buffered saline (PBS). The slides were rinsed and cells
seeded at 1.3�104 cells/cm2 in MEM-0.4% fetal calf serum (FCS)
for 24, 48, and 72 h. Cells were then fixed for 1 h in a mixture of
1.5% glutaraldehyde and 1% paraformaldehyde in 0.15 M caco-
dylate buffer, pH 7.4. The slides were washed, dehydrated, and
covered with platinum using the Emitech K575 apparatus (Emitech,
England). Analysis was performed using a Hitachi S4000 instru-
ment (Hitachi, Japan) at 15 kV.

Transmission electron microscopy

A cell pellet was fixed in glutaraldehyde 1.25% and paraformal-
dehyde 1% in 0.15 M cacodylate for 1 h followed by post-fixation
in 2% OsO4 for 1 h and a pre-staining in 0.25% uranyl acetate for
24 h. After one wash in double distilled water, the samples were
dehydrated by passage in serial dilutions of acetone (50–70–80–95–
100% acetone in water) within 15 min. The cells were then
centrifuged, and the pellet was impregnated in EPON 182 (electron
microscopy), which was polymerized at 60� for 24 h. Ultra-thin
sections (90 nm) were obtained and stained with a saturated
solution of uranyl acetate and bismuth nitrate before analysis on a
Jeol 100S transmission electron microscope.

Duplication time and colony forming efficiency

The growth curve for the cell line was determined by performing
the readings with Alamar blue (Biosource International, Milan,
Italy) at 24 h intervals as described below once a linear phase of

growth was determined for a given cellular concentration. To assess
colony forming efficiency (CFE), aliquots of cells (200, 500, 1000)
in 5 ml of culture medium were seeded onto 60-mm plastic dishes
and incubated for 7 days. The number of cells that formed colonies
was counted by dilution with PBS, and the number of colonies with
more than 10 cells then was counted after Giemsa staining. The
number of colonies was divided by the number of initially seeded
cells, and the percentage ratio was evaluated as the CFE.

DNA ploidy analysis

Exponentially growing cells were collected by trypsinization,
centrifuged, and resuspended in PBS. Pellets were incubated for
2 h at 4�C in 1 ml of 0.1% Triton-X containing propidium iodide
(50 mg/ml, Sigma, St. Louis, MO, USA) and RNase (1 mg/ml,
Sigma, St. Louis, MO, USA). Flow cytometry was performed using
a FACScan flow cytometer (Becton Dickinson, Mountain View,
CA) equipped with a 15-nm argon laser (488 nm) and a doublet
discrimination moduler. Human thymocytes were used to determine
the reference peak. The DNA index (DI) was calculated as the ratio
of the G0-G1 of the two peaks (reference and AVC1). Histograms
showing only one cell cycle (normal DNA stemline) were
considered to have a DI of one. The DNA histogram was obtained
from 10,000 events.

Cytogenetic analysis

The cytogenetic study was performed in G-banded metaphases cells
obtained from a 5-day-old culture and was an analysis of a total of
20 cells.

Molecular analysis

All samples were analyzed for mutations in exon 1 of the K-ras
gene, exons 1 and 2 of p16, exons 5–9 of p53, and exons 8–11 of
DPC4 by direct sequencing of polymerase chain reaction (PCR)-
amplified DNA fragments. Primers for amplification of the p53
[26] p16 [37], K-ras [27], and DPC4 genes [8] were as described.
Methylation-specific PCR for the 50 CpG island of the p16 gene
was carried out as described [10].

Immunocytochemical and immunofluorescence analysis

The phenotypic profile of AVC1 was analyzed using the antibodies
detailed in Table 1, Table 2, Table 3, and Table 4. For immuno-
cytochemistry, cells were cultured on glass slides, washed with
PBS, and fixed in cold acetone. After fixation, slides were re-
hydrated in PBS and pre-incubated with 10 mM phenylhydrazine in
PBS to block endogenous peroxidase activity. Slides were rinsed
four times in PBS and incubated with protein blocking agent
(UltraTech HRP Kit Immunotech) for 10 min at room temperature.
To visualize the presence of specific antigens, the streptavidin-
biotin-horseradish peroxidase staining method was used, and
antibody localization was visualized with the diaminobenzidine
reaction.

For characterization of adhesion molecules by immunofluores-
cence, four chamber slides (Nunc, Milan, Italy) were cultured as
described previously, washed in PBS (0.1 M NaCl, 2 mM KCl,
8 mM Na2HPO4, 1 mM KH2PO4, pH 7.4), and fixed in methanol at
�20�C for 10 min with 4% paraformaldehyde at 37�C for 20 min.
After re-hydration, the slides were incubated in a humid chamber
and stained with the appropriate antibodies for 1 h at room
temperature, washed three times in PBS, and incubated 30 min with
biotinylated horse anti-mouse (Vector) 1/200 in PBS-1% horse
serum (Sigma, Milan, Italy). After incubation with monoclonal and
polyclonal antibodies, slides were sequentially incubated with
polyvalent biotinylated secondary antibodies and strepavidin-per-
oxidase reagent. After three more washes in PBS, the slides were
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incubated in rhodol green 1/600 in PBS for 30 min in the dark,
washed in PBS, and mounted in PBS-glycerol.

The antibodies used included the monoclonal antibodies (mAb):
AE1-AE3, Ber-EP4, chromogranin A, and p21 (Dako), cytokeratin
7, cytokeratins 8, 18, and 19 (clone 5D3), and vimentin (Biogenex
Laboratories), p53 (Oncogene Science, Inc). The antibodies against
S100 and carcinoembryonic antigen were polyclonal (Dako).

Expression of integrin chains was analyzed by indirect immu-
nofluorescence using the following mAbs: TS2/7 and TS2/16
(American Type Culture Collection, Bethesda, MD), P1B5, P1D6
(BRL, Milan, Italy), GoH3 (Pierce, Milan, Italy), LM609, 3E1, and
Hm a2 (Chemicon, Milan, Italy). Cells were also analyzed by
cytofluorimetry on an Epics XL apparatus (Coulter, Hialeah, FL)
using the following mAbs: B9.12.1, specific for HLA class I
monomorphic determinants [16]; D1.12, specific for HLA-DR
monomorphic determinants [1], IB4, anti human CD18 (Dr. S.D.
Wright, The Rockefeller University, New York, NY). mAbs
specific for human CD29, CD40, CD54, CD80, CD86, CD95,
MUC-1, and MUC-2 were purchased from BD-Pharmingen, Milan,
Italy. Since all the primary mAbs were mouse IgG, the secondary
antibody used was goat anti-mouse IgG, F(ab’)2 fluorescein
isothiocyanate-IgG conjugate (Instrumentation Laboratory, Milan,
Italy).

IFN-g treatment

IFN-g treatment to modulate the expression of immunologically
relevant molecules in pancreatic cancer [30] was performed by the
addition of 1000 units of human recombinant IFN-g (kindly
donated by V. Cantone, Roussel Pharma, Milan, Italy) in RPMI
medium supplemented with 10% FCS. After 48 h of incubation,
cells were washed and analyzed for expression of cell surface
antigens by cytofluorimetric techniques.

Cell adhesion assay

In order to verify that integrin expression is associated with
functional receptor complexes, we treated cells in 96-well plates
(BD, Milan, Italy) with scalar concentration of bovine fibronectin
and vitronectin (Sigma, Milan, Italy) from 100 nM to 6.25 nM in
50 �l PBS for 16 h at 4�C. In the control wells, 100 nM polylysine
and 100 nM bovine serum albumin (BSA) (Sigma, Milan, Italy)
were added. After 24 h, the wells were rinsed in PBS, and all the
wells were further treated with 1 mg/ml BSA for 60 min at 37�C.
After three washes, 200 ml of cell suspension (2.5�105 cells/ml) in
RPMI without serum was seeded and incubated 2 h at 37�C. The
wells were washed with PBS and treated with 0.25% trypsin, 2 mM
ethylene diamine tetraacetic acid to detach the cells that were
counted to evaluate the number of adherent cells under the various
experimental conditions.

In vitro sensitivity to chemotherapeutic agents

For chemical agent sensitivity, 104 cells were seeded in 96-well
plates and cultivated overnight in 100 ml RPMI 1640 containing
10% FBS. In the T0 reference well, the medium was replaced by
100 ml of the same medium containing 10% Alamar blue, and, after
4 h at 37�C, the absorbance at 570 nm and 600 nm was monitored
using a ELX808 microplate reader (BIO-TEK, Winooski, VT,
USA). The signal to noise ratio was evaluated according to the
manufacturer’s instructions. The remaining wells were treated with
the various chemotherapeutic agents: fluorouracil (5-FU from
TEVA Pharma, Milan, Italy) was added at a concentration varying
from 2.7 mM to 704 mM; Gemzar (Lilly, Milan, Italy) was added at
a concentration varying from 0.003 mM to 43 mM, incubated for 3 h
and removed. The cells were then washed once with PBS, and fresh
medium was added. After 96 h, the medium was replaced with
Alamar blue solution and evaluated as described above.

Table 2 Adhesion molecules expressed by ampulla of Vater cancer
1. All data were obtained by indirect immunofluorescence, except
for CD18, CD29, and CD54, obtained by cytofluorimetry. +
positive staining graded from one to three plus according to the
intensity, � negative stain

Antigen Clone Staining

Integrin a1 TS 2/7 ++
Integrin a2 HM a2 �
Integrin a3 P1B5 ++
Integrin a5 P1D6 +
Integrin a6 GOH3 +
Integrin b1 (CD29) BD-Pharmingen +
Integrin b2 (CD18) IB4 �
Integrin b3 AP3 ++a

Integrin b4 3E1 +
Integrin avb3 LM609 ++a

ICAM-1 (CD54) BD-Pharmingen �

a The positivity was localized to adhesion plaques

Table 3 Immunological molecules expressed by ampulla of Vater
cancer 1 by cytofluorimetric analysis. + positive staining graded
from one to three plus according to the intensity, � negative stain

Antigen Source/clone Staining

MHC-I (A, -B, -C) B9.12.1 +a

HLA-DR D1.12 �b

CD80 BD-Pharmingen �
CD86 BD-Pharmingen �
CD40 BD-Pharmingen �
CD95 BD-Pharmingen +a

a From + to ++ after INFg treatment
b From � to + after INFg treatment

Table 4 ID-50 for gemcitabine and 5-fluorouracil

Cell line Gemcitabine 5-Fluorouracil
(�M) (�M)

AVC1 0.26 (n=4) 92 (n=5)
CFPAC1 0.06 (n=2) 227 (n=4)
PACA44 1.44 (n=2) <2.7 (n=3)
PANC1 N.D.

Table 1 Expression of epithelial/mesenchymal antigens in ampulla
of Vater cancer 1. All data were obtained by immunocytochemistry,
except those for MUC1 and MUC2 obtained by cytofluorimetry.
CK cytokeratin. + positive staining graded from one to three plus
according to intensity, � negative staining

Antigen Source/clone Staining

CK7 Biogenex Laboratories
(clone OV-TL 12/30)

+++

CK 8, 18, 19 Biogenex Laboratories
(clone 5D3)

+++

AE1–AE3 Dako Corporation +++
Carcinoembryonic antigen Dako Corporation +++
Ber-EP4 Dako Corporation ++
Vimentin Biogenex Laboratories

(clone V9)
++

Chromogranin A Dako-A3 �
S100 Dako Corporation �
MUC-1 BD-Pharmingen �a

MUC-2 BD-Pharmingen �

a From � to + after INFg treatment
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Tumorigenicity in nu/nu mice

Subconfluent AVC1 cells were trypsinized, and 1�106 cells in
0.2 ml of PBS were injected subcutaneously in the left flank in a
total of five 5-week-old nu/nu Swiss mice weighing 18–22 g
(Charles River, Milan, Italy). Fragments of one of the resulting
xenografts were also orthotopically implanted in three additional
mice, as previously described [33]. The animal research complied
with Italian national legislation and with the Verona University
policy on the Care and Use of Animals and with related codes of
practice.

Results

A cell line was established from an adenocarcinoma of
the papilla of Vater excised from a patient undergoing
curative resection without previous chemotherapy. The
primary neoplasm was a moderately differentiated intes-
tinal type adenocarcinoma.

This cell line was designed as AVC1. When the
original explant was kept in culture, the fibroblast
contamination was minimal, and the epithelial component
began to grow within a few days. The cells were
subcultured until they reached about 80% confluency
and were cryopreserved at early passages. During the
serial passages, the fibroblast component decreased
quickly, as judged by immunophenotyping. The cryopre-
served cells could be successfully re-cultured and
xenografted (see below).

Morphological and growth features

The morphological characteristics of AVC1, its xenograft,
and the primary cancer from which they were derived are
shown in Fig. 1. The AVC1 cell line showed an adherent
growth pattern and a flattened polygonal morphology in
accordance with its epithelial origin. Electron microscopy
showed the presence of lamellipodia, filopodia, and a rich
secretory compartment. The Golgi apparatus and ribo-
some-rough endoplasmic reticulum were well developed
and the cytoplasm was rich in free ribosomes. The
cytoskeleton presented tonofilaments and clear microvilli.
The doubling time was 24€1 h (n=3) and the colony
forming efficiency was 12.1€4% (n=3).

DNA ploidy, chromosomal, and genetic characterization

The cellular DNA content was diploid with a high G2M
phase index (18.7%), as shown by cytofluorimetric
analysis. The cytogenetic analysis of AVC1 is shown in
Fig. 2 and can be summarized as follows: 48, XX,
+del(1)(p10), +?der(1)t(1;18)(p10;p10), ?der(2)t(2;7)
(p10;q10), -5, del(6)(q21), +?der(6)t(6;7)(q21;q11), �7,
+9, add(11)(p15), +del(11)(q13), add(12)(p13), add(15)
(q26), der(14)t (14;?)(p10;?), �14, �15, +17, �20, +mar.
A complex karyotype was revealed with the presence of
both numerical and structural chromosomal aberrations.
The former included monosomies and trisomies, while the

pattern of structural abnormalities was complex. A
number of different chromosomes were involved in
deletion, translocation, and addition of material of
unknown origin, and a marker chromosome was present.

Molecular analysis showed the presence of a mutation
in codon 12 of the K-ras gene (GGT>GAT), while the
p16 gene had de novo promoter methylation. No muta-
tions in DPC4 or p53 were found. These latter observa-
tions corresponded with the respective presence of Dpc4
and lack of p53 protein expression, as detected by
immunohistochemistry (data not shown). This mutational
pattern is in agreement with the molecular features found
in primary AVC [22].

Immunophenotyping

Immunophenotypic analysis of AVC1 was performed
using a panel of epithelial and mesenchymal markers, as
well as adhesion and immunologically relevant mole-
cules. These results are detailed in Table 1, Table 2 and
Table 3. This analysis confirmed the epithelial nature of
AVC1, as it showed cytoplasmic expression of cytokera-
tins and Ber-EP4 antigens, associated with the absence of
immunoreactivity for chromogranin A, S100, and NSE.
Under standard culture conditions, indirect immunofluo-
rescence for cell surface molecules showed that MHC-I
and CD95/Fas were expressed, while HLA-DR, CD40,
CD80, CD86 (B7–1 and B7–2), MUC-1, MUC-2, and
ICAM-1/CD54 were not expressed. The human B lym-
phoma Raji and T lymphoma Jurkat cell lines were used
as positive controls for expression levels of most of the
different cell surface molecules considered in the present
study.

IFN-g treatment

Treatment with IFN-g increased the expression levels of
MHC-I and CD95/Fas, while HLA-DR and MUC-1
became apparent.

Cell adhesion assay

In order to verify that integrin expression is associated
with functional receptor complexes, we tested the cell

Fig. 1 Morphology of ampulla of Vater cancer (AVC)1 cells, its
xenograft, and primary cancer. AVC1 cells display epithelial
morphology, adhesion to the surface, and large nucleoli (a, phase
contrast image �40), immunocytochemical positivity for cytoker-
atin 9–19 (b), nuclei with marginated chromatin (c, �3.5K) and
tonofilaments (c1, �14K) at transmission electron microscopy;
filopodia (d, �5K) and a particular of lamellopodia (d1, �20K) are
also evident at scanning electron microscopy. The hematoxylin-
eosin stains (e and f, �10; g and h, �40) of formalin-fixed, paraffin-
embedded samples show that the xenograft (e, g) retains the
morphological features of the primary cancer from which it was
derived (f, h)
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Fig. 2 G-banded karyotype of ampulla of Vater cancer 1

Fig. 3 Ampulla of Vater cancer (AVC)1 cells adhere to extracel-
lular matrix proteins fibronectin and vitronectin. The left panel
shows the specific binding of AVC1 cells to vitronectin and
fibronectin, while no binding was observed with polylysine or
bovine serum albumin (BSA). The right panel shows the adhesion
of AVC1 cells to BSA (a) with less numerous and rounded shaped

cells, to fibronectin (b) and vitronectin (c) with spread and spindled
cells (phase contrast, �10). Cells adherent to vitronectin (d) form
adhesion plaques on the cytoplasmic membrane (arrows), as shown
by indirect immunofluorescence with anti b3 antibody (�63).
Identical results were obtained with anti avb3 antibody
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binding to two purified extracellular matrix proteins,
namely, fibronectin and vitronectin. The results of these
experiments are shown in Fig. 3 and demonstrated a high
affinity of binding to these molecules. No adhesion was
observed with either BSA or polylysine. The relatively
higher affinity for vitronectin is indicated by the higher
percentage of bound cells at a lower substrate concentra-
tion. Moreover, this is also substantiated by the formation
of adhesion plaques on cell membranes, as shown by
indirect immunofluorescence with anti-b3 and anti-avb3
antibodies.

Sensitivity to 5-FU and gemcitabine

We evaluated the effect of 5-FU and gemcitabine on
AVC1 compared to the ductal adenocarcinoma cell lines
PANC-1, CF-PAC1, and PACA 44. The results are
detailed in Table 4 and show that AVC1 did not
demonstrate any particular sensitivity to these com-
pounds. This is at variance with CFPAC1 and PACA44,
which showed higher sensitivity to GMZ or 5-FU,
respectively.

AVC1 grows in nu/nu mice

AVC1 cell suspension was injected subcutaneously in
five nu/nu mice. Four implants were successful (80% take
rate). The histological appearance of the xenografted
cancers resembled that of the primary tumor (Fig. 1).
Tumor fragments isolated from one of the xenografts
were implanted orthotopically in three additional mice
and grew in one.

Discussion

AVC are often encompassed within neoplasms arising in
other periampullary structures, which include the duode-
num, pancreatic head, and extraduodenal bile duct. As
such, ampullary cancers are often grouped together with
other malignancies. They are classically included by
surgeons within the operational entity “periampullary
carcinomas” and by clinicians among the extrahepatic
bile-duct cancers (International Classification of Diseases
for Oncology, ICD-O=156) [23]. This has rendered it
extremely difficult to compare the results of different
clinicopathological and molecular studies. However, the
comparable histopathological characteristics of epithelial
tumors arising in this region and the advanced stage at
which most cases are diagnosed prevent a precise
definition of the structure of origin. The exact site of
origin can only be determined in small lesions. Only the
study of well-defined series of periampullary tumors will
allow for an unraveling of the specific features of their
molecular pathogenesis, clinical behavior, and similitude
to other cancers arising from the periampullary area.

However, the study of primary cancers is particularly
difficult in the case of small lesions. In fact, the amount of
tissue is scarcely sufficient for diagnostic purposes, and
fresh or frozen material is available only in a very limited
number of cases. The availability of cell lines may help to
overcome this limitation and also allows one to perform
molecular, cell biology, and pharmacological studies.
Ideally, cellular models should also be representative of
the different histological and molecular subtypes dis-
played in primary cancers.

A total of 13 cell lines have been established from
biliary duct cancers [14], and numerous pancreatic
adenocarcinoma cell lines are available. However, only
two cell lines have been described from AVC [14]. Our
cell line was derived from a moderately differentiated
cancer and is characterized by a K-ras mutation, wild-
type p53, and a methylated p16 gene. The two other
existing AVC cell lines were derived from poor and well-
differentiated tumors, have wild-type K-ras, and also
harbor mutations in p53; one of these cell lines had
homozygous deletion of p16. All three AVC cell lines
have wild type DPC4. Thus, of the three available AVC
cell lines, a different spectrum of molecular mutations and
differentiation is present, which is fairly representative of
the molecular alterations found in primary AVC.

To date, the most frequent molecular alterations in
sporadic ampullary neoplasms include aberrations in the
ras family and p16 genes in about 40% and 25% of cases,
respectively [12, 22, 28]. The p53 gene is inactivated in
roughly 60% of cases [26, 28]. Similar to other gastro-
intestinal malignancies, microsatellite instability is pres-
ent in roughly 10% of AVC and is also associated with
favorable prognosis [2, 28].

The karyotype of AVC1 revealed numerous chromo-
somal rearrangements, in addition to chromosomal loss
and duplication. This is a common feature of epithelial
cancers, whose genome is highly unstable. It is worth
noting the loss of one copy of chromosome 5 in our cell
line, a feature that has been previously reported as
characteristic in AVC [3]. It has been suggested that
among different pancreatic tumor types, only adenocar-
cinomas arising from the ampulla of Vater have molec-
ular features that are similar to common ductal
adenocarcinoma [22]. However, the limited molecular
information available for ampullary cancers also suggests
that they may show some genetic similarities to gastric
cancer [3].

In AVC1, treatment with INFg resulted in upmodulat-
ed expression of HLA I, whereas expression of HLA-DR
was observed only after treatment with INFg. This finding
is of interest, as the reduction or complete loss in the
expression of MHC class I molecules is common to many
tumors of different origin and is frequently accompanied
by an increase in the growth rate and metastasizing ability
[7, 30].

Adhesion molecules are also involved in several
important epithelial cell functions. Indeed, cell prolifer-
ation is controlled not only by soluble mitogens, but also
by components of the extracellular matrix, such as
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fibronectin, to which cells adhere via the integrin family
of transmembrane receptors [6]. They may also activate a
number of cell signaling cascades that influence a range
of biological processes, including cell growth, differen-
tiation, migration, and apoptosis [29]. AVC1 cells express
a large repertoire of integrin chains and, in our functional
assay, bind to the extracellular matrix proteins fibronectin
and vitronectin in a dose-dependent manner. Moreover, it
has been recently found that association of active ERK1
with avß3 integrin is necessary for these cells to spread
effectively on vitronectin and, thus, may define a
mechanism whereby a growth factor-activated signaling
pathway can directly influence integrin function [24]. Our
results indicate that this pathway is constitutively active
in AVC1.

Expression of MUC apomucins, and in particular
MUC-1, has been found in various adenocarcinomas of
distinct origin, exerting inhibitory effects on the immune
response [4]. Expression of MUC-1 apomucin has been
reported in ducts and acini of normal pancreas and is
constantly expressed during the process of ductal neo-
plastic transformation, while MUC-2 expression is not
observed [35]. The expression of MUC-1 has also been
associated with mucinous tumors of the pancreas and, in
particular, the invasive components of intraductal papil-
lary mucinous tumors [17, 18, 36]. MUC-2 is ectopically
expressed by mucinous carcinomas of the colon, pancre-
as, breast, and ovary [9]. This marker is, therefore, linked
to the mucinous phenotype and, perhaps unsurprisingly, is
not expressed in AVC1.

Of clinical interest, while surgery is the treatment of
choice for patients with AVC, chemotherapy based on 5-
FU is also used [11, 15, 19, 20]. Nonetheless, due to the
lack of suitable cellular models, neither the in vitro or in
vivo efficacy of the most widely used pharmacological
regimens against this tumor entity has been established. In
vitro, we detected moderate to low sensitivity to both 5-
FU and gemcitabine, at variance with much higher
sensitivity displayed by the pancreatic carcinoma cell
lines. The demonstration that this cell line can be
xenografted also shows that it is a suitable model for
pre-clinical studies.
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Abstract Critical shortages of trained histopathologists
limit the capacity of cancer and other clinical services. A
survey of histopathology training in 18 European coun-
tries conducted by the European Union of Medical
Specialists Section of Pathology/European Board of
Pathology revealed a considerable shortage of both
trained and trainee histopathologists in several of the
responding countries. Demographic data indicate a high
preponderance of trained histopathologists over 55 years
of age and a notable proportion of part-time personnel.
Although the training capacity in some countries has been
increased, the immediate future of histopathology and the
clinical services dependent on the specialty is worrisome.
The histopathology workload is growing, and, in some
countries, recruitment of trainees is insufficient for future
needs. To avert the serious consequences for dependent
clinical specialties and their patients, there should be a
concerted European action to promote and expand
histopathology training.

Keywords Histopathology · Training · Europe

Introduction

Histopathology is the medical discipline involved with
diagnosis and research of diseases based on the examina-
tion of cells and tissues in a clinical context. Histopathol-
ogy is essential for the diagnosis and treatment of serious
common diseases, such as cancer and chronic inflamma-
tory disorders and is fundamental for the education of
medical students and postgraduates. The shortage of
histopathologists reported in some European countries
and the USA [6, 10] is worrisome. As medical specialists
who have European Union (EU) nationality enjoy unre-
stricted movement among EU countries, the histopathol-
ogy workforce problem also has a European dimension.

The European Union of Medical Specialists (UEMS) is
an official organisation representing postgraduate medical
training and practice in the EU. It represents the various
national authorities of medical specialists from the
member and candidate countries and some other Euro-
pean countries, e.g. Norway and Switzerland [5, 12]. The
objectives of the UEMS include the promotion of high
standards of patient care through the harmonisation and
improvement of postgraduate specialist training and
continuing medical education. The UEMS sections,
including that of pathology, have produced charters on
specialist training, inspection of training programs and
continuing medical education. With this remit, the section
of pathology, which also acts as the European Board of
Pathology, examined the magnitude of the shortage of
histopathologists by performing a survey among the
member nations using a questionnaire.

Materials and methods

Survey

A questionnaire containing 28 questions was sent in early 2002 to
the delegates of all 19 member nations, pre-accession states and
associated countries. The questionnaire surveyed the number of
trained histopathologist (e.g. consultant) positions and vacancies,
the number of histopathology trainee positions and vacancies, the
future training capacity, the age and sex distribution of histopathol-
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ogists and trainees, the ratio of trained staff to trainees, the length of
training, exchange of trainees with other institutions, quality
assessment of the training programme, opportunities for subspe-
cialisation and research opportunities. Luxembourg, as the smallest
country in the EU, was not able to respond, as it has no training
programme in histopathology. The response to some issues was
incomplete, as recording of histopathology workforce planning and
training is not operational in several countries. In order to verify the
quality of the responses, they were discussed in detail during the
annual meeting of the Section/Board in Ljubljana, Slovenia, May
2002. The final version of the paper was approved by all delegates;
their names and member states are listed in the Acknowledgements.

Results

The number of trained histopathologists and trainees per
country is given in Table 1. The number of trained
histopathologists varies from 14 per million inhabitants
(Turkey) to 50 per million inhabitants (Norway). The
ratio of trainee positions to trained positions varies from
6% (France) to 67% (Ireland). The length of training in
most countries is 5 years, with exceptions in Spain and
Turkey (4 years), the UK (5.5 years) and Austria and
Germany (6 years). As shown in Table 2, in all of the
eight responding countries, vacancies for trained
histopathologists exist and are most extreme in Finland,
Norway, Sweden, the UK and Turkey. As illustrated in
Table 3, a similar pattern is observed for pathology
residents in 6 of 11 responding countries. Here, the
situation is most serious in Greece, France, Norway,
Denmark and Portugal. With the exception of Belgium,
where the training capacity has decreased, it is either
stable or has increased.

Regarding age distribution, 20% or more of the
histopathologists are 55 years or older in all of the eight

responding countries, and most are male. With the
exception of Finland, Ireland, the Netherlands, Spain
and UK, where the number of female trainees equals that
of male trainees, in the other countries, an excess of
female histopathology trainees is observed (Table 4). In

Table 1 Number and proportion of staff pathologists and residents

Country Trained staff
positions (A)

Trainee
positions (B)

Duration of
training (years)

Ratio B:A
(%)

Inhabitants C
(millions)

Ratio A:C
(per million)

Austria 250 40 6 16 8 31
Belgium 205 55 5 27 10 21
Denmark 170 45 5 26 5 34
France 1650 94 5 6 62 27
Finland 150 30 5 20 5 30
Germany 1300 300 6 23 85 15
Greece 400 90 5 23 10 40
Ireland 90 60 5 67 4 23
Italy 1800 240 5 13 58 31
Norway 148 62 5 42 4 37
Netherlands 300 72 5 24 16 19
Portugal 200 50 5 25 10 20
Slovenia 60 10 5 17 2 30
Spain 1400 160 4 11 40 35
Sweden 190 40 5 21 9 21
Switzerland 180 60 5 33 7 26
Turkey 900 280 4 31 65 14
United Kingdom 1436 436 5.5 30 55 26

Total 10829 2124 455

Average 605 118 5 25 25 27
Maximum 1800 436 6 67 85 50
Minimum 60 10 4 6 2 14

Table 2 Trained staff vacancies in 2002

<5%: One (Switzerland)
5–10%: Two (Denmark, Netherlands)

>10%: Five (Finland, Norway, Sweden, Turkey, United Kingdom)
Unknown: Ten countries

Table 3 Trainee vacancies in 2002

None: Five (Belgium, Finland, Netherlands, Switzerland, Turkey)
0–10%: One (United Kingdom)

20–30%: Two (Denmark, Portugal)
30–40%: Two (France, Norway)

>40%: One (Greece)
Unknown: Seven countries

Table 4 Demographic data of trained histopathologists and
trainees

Age >55 years:

20–30%: Two (Finland, Italy)
30–40%: Four (Denmark, Sweden, Switzerland, Turkey)
40–50%: Two (Germany, Greece)

Gender:

Trained staff: male>female (n=5), male<female (n=4)
Trainees: male<female (n=9), male=female (n=5), male>female

(n=1)
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all responding countries, the number of trained
histopathologists outnumbers that of the trainees.

The quality parameters of histopathology training, i.e.
mandatory courses, site visits and exit examinations, are
listed in Table 5. In 11 countries, two of the three
parameters are used; in 6 countries, only one is used.

Mandatory exchange of trainees with other institutions
exists in Switzerland only; it occurs occasionally in other
countries, such as Belgium. Most countries have a
positive attitude towards international exchange, and
some, where there is a considerable shortage of residents,
would strongly favour an influx of foreign physicians in
their training programme. Some countries are somewhat
reluctant, as they fear communication problems due to
language incompatibilities.

Formal recognition of subspecialisation was required
in Finland until 2002 (i.e. neuropathology and paediatric
pathology) and still exists in Switzerland (i.e. neuropa-
thology, cytopathology and molecular pathology) and
Turkey (i.e. cytopathology, dermatopathology and neuro-
pathology). In most countries, subspecialisation is op-
tional in the final stage of the training, and it is not
formally recognised. Research opportunities are present in
most countries, and some (The Netherlands, Norway)
have integrated training/research tracks.

Discussion

This survey, distributed among 18 European countries and
performed in early 2002, reveals a larger than expected
variation in the number of trained pathologists among EU
countries. The number of trained pathologists is the net
result of various factors, such as the capacity and efficacy
of the training programme, the workload-derived param-
eters to fill vacant trained positions and to establish new
ones, the length of the working period, the proportion of
part-time workers and the degree of voluntary anticipated
retirement. In addition, the registration of the trained staff
positions may not be complete, and, in some countries,
“anatomical” and “clinical” pathologists are not separate-
ly listed.

Although it is difficult to make an unequivocal
interpretation, some useful comments can be made. The
very low number of trained pathologists observed in one
south European country (Turkey) may reflect the under-
estimated position of the specialty here. Surprisingly,
some other countries with long-standing reputations in

histopathology (Germany, The Netherlands, Portugal,
Sweden and Ireland) have a very low (Germany) or
relatively low number of trained staff positions. This may
be due to a restrictive workforce planning executed by the
professional organisations and/or the government or total
lack of workforce planning. The ratio of trainee to trained
staff positions is extremely low in one country (France),
and very low in two (Spain and Italy), which seems
incompatible with adequate workforce planning. The
relatively higher proportion of trainees (but below
average) in Germany and the Netherlands also are not
sufficient for these purposes, due to a very low or low
number of trained staff positions. For verification of the
data, the number of vacancies was requested from all
countries. This revealed a considerable shortage of trained
histopathologists in eight of eight responding countries
and an even more alarming shortage of histopathology
trainees in 6 of 11 responding countries. The data were
obtained through the delegates of the national societies or
colleges of pathology, which are reliable sources. Unfor-
tunately, the responses were often incomplete, as proper
registration of pathology manpower planning and training
is not operational in several countries. As this limits the
results of our European survey, we strongly advise the
countries involved to rectify this administrative deficit.
Moreover, a permanent registration of the number of
positions and vacancies per country is necessary for
proper monitoring of the manpower planning.

How can we explain the current shortage of trained
staff histopathologists and histopathology residents in
several European countries? The possible explanations
are many, the most important being: (a) the restrictive
policy of national governments to create new positions for
medical specialists and residents in the past decade; (b)
the more demanding workload for histopathologists in
terms of an increase in number of specimens and their
investigation complexity and (c) the increase of part-time
histopathologists. The restriction on the creation of new
positions for medical specialists has also led to problems
in the workforce planning of other specialties, such as
anaesthesiology and medical microbiology. As a late
reaction to this crisis, several European countries recently
have created new trained staff histopathologist positions
and those for trainees, with the notable exception of
Belgium. As the Belgian government recently even
decided to decrease histopathology positions, it should
be strongly advised to adopt the policy of the EU nations

Table 5 Quality criteria of his-
topathology training

Criteria Countries

Mandatory courses only None
Site visits only Spain
Exit examination only Greece, Italy, Portugal, Turkey,
Mandatory courses and site visits None
Mandatory courses and exit examination Denmark, France*, Norway, Netherlands, Sweden
Site visits and exit examination Austria, Belgium, Finland, Greece, Switzerland
All three criteria Ireland, United Kingdom, Slovenia

* Site visits are optional
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in order to prevent irreparable damage to the clinical
services and patients relying on expert histopathology.

The laboriousness and complexity of the histopathol-
ogist’s work have increased based on the new diagnostic
and therapeutic options in cancer, leading to more refined
and individually tailored clinically relevant questions,
mandatory regulations for documentation and registration
of case data and material and the increase in cancer
patients due to ageing of the population [2, 7]. In addition,
strict quality control measures have to be followed in
histopathology services to minimise the risk of misdiag-
nosis and patient harm, further intensifying the profes-
sional burden. Finally, the increase of part-time
histopathologists associated with the increasing propor-
tion of female colleagues and elderly senior staff will
exacerbate the need for trained histopathologists; this
strongly supports the policy to expand the training
capacity as already initiated in some European countries.
As the shortage of histopathologists in Europe is widely
distributed, it cannot be solved by influx from those few
countries with a surplus. The UEMS Section of Pathology
will, therefore, urge all EU nations to expand and
intensify their training programmes. This is already
underway in England (UK), which has established several
histopathology schools to expand training capacity [3].

Other remarkable findings from our survey were the
variation in length of training among the EU countries
and the differences in the criteria used to evaluate the
quality of the training programme. As the goal of the
UEMS is to further harmonise specialist training in
Europe [2, 12], these points need further discussion. The
length of training was reconfirmed as 5 years in the
recently revised charter that was accepted unanimously by
all delegates. Harmonisation of the length of training
could easily be achieved if the national authorities would
adhere to it and if the central EU administration would
formally establish it. In contrast, harmonisation of
training programmes requires an evolutionary approach
in recognition of the long-standing historical arrange-
ments (or lack of them) in some countries. Site visits,
obligatory courses and exit examinations are all important
factors [13]. Therefore, we propose that harmonisation of
two of these three would be sufficient to meet the
European standards. This would mean that, at present, six
European countries are insufficient on this issue, making
further action necessary.

The current shortage of trained histopathologists and
trainees in several European countries is a serious matter
that not only influences the future of the specialty [9], but
also will affect the work of other medical specialties with
which histopathology closely collaborates and, most
importantly, their patients. If this trend persists, histopa-
thology services may even become the capacity-limiting
process for many clinical activities: diagnosis and staging
of diseases, screening for premalignant disorders and
cancer, quality control of clinical management, education
at undergraduate and postgraduate levels, research on
clinicopathological issues, development of cellular and
molecular methods and pathogenesis. As a consequence,

patients may face long waits before hearing a final
diagnosis, or they will have to endure uncertainty about
the diagnosis, as the expertise needed is not available.
Therefore, clinical disciplines and other laboratory-ori-
ented disciplines may seek to take over part of the tasks of
the histopathologist [11], while not being optimally
trained or equipped, which will imperil patient welfare.
As this may affect the quality needed for adequate patient
care, the UEMS Section of Pathology/European Board of
Pathology will urge for a substantial qualitative and
quantitative investment in strengthening histopathology
and the supply of trainees. This requires reflection on the
primary tasks of histopathology, its future professional
and technical developments, its relationship with other
clinical [8] and laboratory-oriented specialties [1] and its
communication with the public [4]. Currently, discussions
on these issues are being held in the UK [9] and among
surgical pathologists in the USA [1, 7]. They both
illustrate the need to reassess the status of histopathology
in the EU in order to guarantee sufficient capacity and
quality in clinical services to patients.
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Abstract Coxsackievirus B is the most common cause of
viral myocarditis and is particularly virulent in neonates
and children. Adenovirus is also a leading cause of the
disease. The determinant of tropism for both viruses is
considered to be the expression of coxsackievirus and
adenovirus receptor (CAR) in target organs. However,
developmental change and physiological localization of
CAR in the heart are unknown. We examined expression
levels of CAR in rat hearts by quantitative real-time
polymerase chain reaction and Western blot analysis and
found that CAR decreased gradually during postnatal
development, although CAR was detectable, even in
adults. Immunohistochemistry revealed CAR on the
whole surface of cardiomyocytes in immature rat hearts.
In contrast, CAR was detected predominantly on interca-
lated disks in the adult heart and was accumulated
especially at the contact point between the cultured
cardiomyocytes, even though they were prepared from the
neonatal rat heart. In conclusion, CAR was expressed
abundantly on the whole surface of cardiomyocytes in
immature rat hearts. Both the expression level and the
localization of CAR are possible determinants of the
susceptibility to viral myocarditis of neonates and chil-
dren.

Keywords Coxsackievirus and adenovirus receptor ·
Myocarditis · Development · Cardiomyocyte ·
Intercalated disk

Introduction

Acute myocarditis leads to heart failure and sudden death.
The chronic type leads to dilated cardiomyopathy, and
both remain major causes of morbidity and mortality,
particularly in neonates and children [3, 7, 18, 26, 29].
However, the susceptibility to viral myocarditis at early
ages has not been elucidated.

Coxsackievirus B [17, 21] and adenovirus [16] are
leading causes of viral myocarditis in humans. It is also
well known that acute myocarditis can be produced in
neonatal and young mice experimentally with coxsackie-
virus B [12]. The first step of viral infection requires the
binding of virus particles to specific cell surface receptors
[37]. Interestingly, the two viruses share a common
receptor: the coxsackievirus and adenovirus receptor
(CAR) [2, 4, 32].

We reported that CAR plays a role in homophilic cell–
cell contact[13] and is expressed in the newborn brain and
the heart of rodents [13, 14], but the physiological
function of CAR has not yet been clarified. However,
CAR has been shown to be an important determinant of
efficiency of gene transfer using adenovirus vectors: the
expression of CAR in target cells or organs enhanced
adenoviral gene transfer in both in vitro and in vivo
studies [8, 15, 19, 20, 36]. However, the localization, not
the expression level, of CAR is considered much more
important for infection [6, 9, 25, 33, 34, 35].

Therefore, CAR is currently related to coxsackievirus
and adenovirus myocarditis and adenovirus-mediated
gene therapy [27]. While cardiac CAR was formerly
reported to be unchanged from neonate to adult [19],
recent studies suggested a decrease in adult CAR [10, 14],
and the localization of CAR in the heart needs to be
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studied. We reported that neonatal rat hearts exhibited
higher immunoreactivity to anti-CAR antibodies than
those of adult hearts [14], but did not focus on the precise
localization. CAR was re-expressed on the cell surface of
myocytes in diseased hearts, such as explanted human
hearts from patients with dilated cardiomyopathy [22] and
a rat model of myocardial infarction [10]. However,
physiological localization and its developmental change
have not been examined. In the present study, we
reconfirmed the developmental changes of CAR expres-
sion, not only mRNA expression, but also protein
expression, in rat hearts, and then, spatiotemporal change
of CAR was studied in vivo and in vitro. To avoid non-
specific staining of CAR, we used three anti-CAR
antibodies.

Materials and methods

Experimental animals

Lewis rats in the late stage of pregnancy were purchased from
Charles River, Japan (Yokohama, Kanagawa, Japan). Newborn rats
were fed by their own parents and maintained in our animal
facilities. The “Principals of laboratory animal care” (NIH publi-
cation no. 85–23, revised 1985) were followed.

Reverse-transcription polymerase chain reaction and quantitative
real-time polymerase chain reaction

Rats were sacrificed at birth, at the age of 1 week, 1 month, and
3 months (n=4 for each age) under ether anesthesia, and the hearts
were removed. Total RNA was extracted from the ventricles using
Trizol reagent (Invitrogen), and reverse transcription was per-
formed with 5 �g of RNA from each sample using random primers
(Promega) and M-MLV reverse transcriptase (Gibco). To detect the
existence of CAR1, CAR2 [9], and splicing variants that were
reported in human [31], 35 cycles of polymerase chain reaction
(PCR) was performed with cDNA of an adult (3-month-old) rat
heart using KOD-Plus (Toyobo). Primers were placed in the V-like
domain and in the alternative parts of 30 terminals of CAR1 and
CAR2 (Table 1, Fig. 1A).

Quantitative real-time PCR (qPCR) on LightCycler (Roche)
was performed using LightCycler-FirstStart DNA Master SYBR
Green I (Roche) as previously described [11]. Primer lists and the
scheme of primers for CAR are shown in Table 1 and Fig. 1A. For
making standards for quantification, cDNA from the adult rat heart
was amplified with each pair of the primers. The products were
directly inserted into the pGEM-T vector (Promega) and the
recombinant plasmids were isolated after transforming with
Escherichia coli JM109 competent cells (Takara) using the
MagExtractor plasmid Kit (Toyobo). The plasmids were diluted
with DNase free water in a siliconized tube, including 10 ng/ml
MS2 RNA (Roche), to prevent adherence to the tube wall, and were
used as the standards.

Preparation of antibodies

Polypeptides composing CAR (a: KIYDNYYPDLK in the V-like
domain, b: KTQYNQVPSEDFERAPQ in the cytoplasmic domain,
and c: PVMIPAQSKDGSIV at C-terminus of CAR1) were chosen
to make polyclonal anti-CAR antibodies (Fig. 1A). Anti-CARa
antibodies and anti-CARb antibodies were obtained as previously
described [13]. Briefly, the polypeptides were synthesized with
additional cystein at the C-terminus, conjugated to keyhole limpet
hemocyanin (Calbiochem-Novabichem), and used to immunize
white rabbits. The resulting antisera were purified by immunoad-
sorbent affinity chromatography on CNBr-activated Sepharose 4B
(Pharmacia) columns coupled with the peptides. Anti-CAR1 C-
terminus antibodies (anti-CARc antibodies) were newly prepared to
discriminate CAR1 from CAR2. The C terminal polypeptide of
CAR1 was conjugated to keyhole limpet hemocyanin (Calbiochem-
Novabichem) with glutaraldehyde and used to immunize white
rabbits. Purified antibodies were obtained with the same proce-
dures. Monoclonal anti-a smooth muscle actin (aSMA) antibodies
(Sigma), monoclonal anti-pan cadherin antibodies (Sigma), and
monoclonal anti-connexin43 antibodies (Chemicon International)
were purchased.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and Western blot analysis

Ventricular tissue of each age group (n=4) was homogenized in
cell lysis buffer [20 mmol/l Tris-HCl pH 8.0, 137 mmol/l NaCl,
2 mmol/l ethylene diamine tetraacetic acid (EDTA), 0.3% sodium
dodecyl sulfate (SDS), 0.4% sodium deoxycholate, 1 mmol/l
phenylmethylsulfonylfluoride (PMSF), and 1% NP-40], rotated at
4�C overnight, and centrifuged at 15,000�g for 30 min. Then, the

Table 1 Primers used for poly-
merase chain reaction (PCR)
and quantitative real-time PCR
(qPCR). CAR coxsackievirus
and adenovirus receptor

Primer sequence Number Product

CAR1 (PCR) gaacagaggatcgaaaaagctaaag AF109644 969 bp
cattcgacttagattaggggcag

CAR2 (PCR) gaacagaggatcgaaaaagctaaag AF109643 957 bp
ggtaagcgtacttgaact

CAR1 (qPCR) catcctcttctgctgtcataaaaa AF109644 280 bp
cattcgacttagattaggggcag

CAR2 (qPCR) ctgtcatagggacgctgctt AF109643 306 bp
gtaagcgtacttgaact

ANP atggatttcaagaacctgctagac E00698 308 bp
gctccaatcctgtcaatcctac

a-Cardiac myosin acaaggttaaaaacctgacagagg X15938 360 bp
tactgttctgctgactgatgtcaa

N-cadherin gtcaatgaaaatccttattttgcc X06656 318 bp
aagtaaatagatttgcagcgttcc

Connexin43 aagttcaagtacgggattgaagag AB017695 306 bp
gcctttgaagaagacgtagaagag
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supernatant was stocked at �20�C. After measuring the concen-
trations of each sample using a DC protein assay kit (Bio-Rad),
10 mg of protein was separated by SDS-polyacrylamide gel
electrophoresis (PAGE) (12% acrylamide) and analyzed by
immunoblotting with the primary antibodies. Anti-CARa, CARb,
and CARc antibodies were diluted to 0.0025 mg/ml, 0.001 mg/ml,
and 0.002 mg/ml, respectively. Densitometry was performed
for CAR at 46 kDa using computer software (Quantity One,
PDI).

Immunohistochemistry and immunofluorescence for tissue samples

The removed hearts of each age group were fixed in Bouin’s liquid
overnight at 4�C, dehydrated, and embedded in paraffin. Sliced
sections (5 micrometers) were prepared on APS coated slides
(Matsunami) and deparaffinized. After washing in phosphate-
buffered saline (PBS), the slides were heated in 0.01 M citrate
buffer (pH 6.0) at 120�C for 20 min in an autoclave, washed three
times in PBS, and incubated in methanol containing 0.3% H2O2 for
neutralizing the endogenous peroxidase. Then, a histofine (R) kit
(Nichirei) was diluted with PBS containing 5% skim milk to 1:1
and used for the following procedures. For the detection of CAR,
anti-CARc antibodies were chosen based on the results of Western
blot analysis to avoid a nonspecific reaction. The antibodies were
diluted to 0.002 mg/ml, and normal rabbit immunoglobulin fraction
(Dako) was used at the same concentration as the negative control.
Visualization was achieved with 3, 30-diaminobenzidine tetrahy-
drochloride, and the cell nuclei were counterstained with Mayer’s
hematoxylin.

Immunofluorescence for CAR was performed using the same
methods (without methanol containing 0.3% H2O2) until the
secondary antibodies, and then, fluorescein isothiocyanate
(FITC)-conjugated streptoavidin (Vector, 1/50) was used. Anti-
conexin43 antibodies were diluted to 1/500, followed by anti-
mouse immunoglobulins labeled with tetramethyl rhodamine
isothiocyanate (TRITC) (Dako, 1/50). After the addition of
mounting medium (Vector, Vectashield), fluorescent images were
obtained using a confocal laser scanning microscope (Fluoview,
Olympus).

Primary culture of rat neonatal cardiomyocytes

Cardiomyocytes were prepared from the ventricles of neonatal (3–
4 days old) rats by the modified method of Simpson [30]. Briefly,
the ventricles were minced and stirred at 37�C in trypsin solution
containing 0.1% trypsin (Difco), 0.8% NaCl, 0.04% KCl, 0.1%

glucose, and 0.035% NaHCO3. The solution with suspended cells
was collected and exchanged every 15 min. The collected solution
was added with ice-cold culture medium containing medium199
(Gibco), Ham’s F-12 (Gibco), 10% fetal bovine serum (ICN),
0.4% penicillin-streptomycin (Invitrogen), and 0.1 mmol/l 5-
bromo-20-deoxyuridine (Sigma). The suspended cells obtained
during the procedures from the second to the seventh cycles were
collected by centrifugation at 120�g, washed three times with
PBS, and resuspended in the culture medium. The cells were
cultured for 90 min at 37�C with 5% CO2 on a flask (Corning),
and adherent cells were excluded as fibroblasts. Then, the
suspended cells were diluted with the medium at the concentration
of 4�105 cells/ml and cultured on 6-well cell culture dishes
(Iwaki) (1.3�103 cells/mm2) at 37�C with 5% CO2. The medium
was exchanged on day 3.

On days 1, 3, and 7, the wells (n=3) were washed three times
with PBS, and only the adherent cells were used as the samples. For
preparation of total protein, the wells were agitated with lysis buffer
(20 mmol/l Tris-HCl pH 8.0, 137 mmol/l NaCl, 2 mmol/l EDTA,
0.3% SDS, 0.4% sodium deoxycholate, 1 mmol/l PMSF, and 1%
NP-40) at room temperature for 10 min and scraped. The contents
were rotated at 4�C overnight, and centrifuged at 15,000�g for
30 min. Then, the supernatant was stocked at �20�C. For the
samples of day 0, the cells suspended prior to starting culturing
were used. The cells were washed three times with PBS, and the
lysis buffer was added. Total protein was obtained using the same
procedures. Then, SDS-PAGE and Western blot analysis were
performed as above.

Immunofluorescence for cultured cardiomyocytes

Cardiomyocytes on day 0, prior to starting culturing, were washed
three times with PBS, prepared on slides (Matsunami) by Cytospin
(Shandon) at 10�g for 5 min, and air-dried. For the samples for
day 1 and day 2, cardiomyocytes were cultured on collagen I-
coated culture slides (Becton Dickinson) at a concentration of
1.1�103 cells/mm2. On day 1 and day 2, the slides were washed
three times with PBS, air-dried, and stored at �40�C until the
immunofluorescence procedure. The samples were fixed in 4%
paraformaldehyde for 20 min, and permeabilized with 0.2% Triton
X-100 for 5 min at room temperature. And then, a Histofine (R) kit
(Nichirei) was diluted with PBS containing 5% skim milk to 1:1
and used for the following procedures. Anti-CARc antibodies were
diluted to 0.002 mg/ml. After washing the secondary antibodies,
FITC-conjugated streptoavidin (Vector, 1/50) was used for visual-
ization. Anti-aSMA antibodies, anti-pan cadherin antibodies, and
anti-connexin43 antibodies were used at 1/200, 1/500, and 1/500,

Fig. 1 A The design of primers
and antibodies. The numbers
just beneath or above primers
indicate the location in rat cox-
sackievirus and adenovirus re-
ceptor (CAR)1 and CAR2. V-
like V-like domain. C-like C-
like domain. TM transmem-
brane domain. 1, 2 the alterna-
tive portions of CAR1 and
CAR2. B The sizes of poly-
merase chain reaction products
for CAR1 and CAR2 using
cDNA from an adult rat heart. A
single band was obtained for
CAR1 (1) and CAR2 (2). The
sizes were the reasonable and
expected ones. M size markers
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followed by anti-mouse immunoglobulins labeled by TRITC
(Dako, 1/50). After the addition of the mounting medium (Vector,
VECTASHIELD), fluorescent images were obtained using a
confocal laser scanning microscope (Fluoview, Olympus).

Statistical analysis

Values are presented as mean€SD. Statistical analysis was
performed by the Tukey-Kramer method, in which SDs of each
group were considered equal by the Bartlett test. The Kruskal-
Wallis test, followed by the Scheffe test, was used with unequal

Fig. 2 Expression of cardiac
mRNAs during postnatal de-
velopment. Coxsackievirus and
adenovirus receptor (CAR)1
decreased gradually after
1 week, but CAR2 stayed at a
lower level. Changes of atrial
natriuretic peptide (ANP), a-
cardiac myosin, N-cadherin,
and conexin43 were also ex-
amined as representative mR-
NAs for fetal phenotypes, adult
phenotypes, and intercalated
disk molecules. *P<0.05.
**P<0.01 by Scheffe test.
#P<0.05. ##P<0.01 by the Tu-
key-Kramer method

Fig. 3 Expression of coxsackie-
virus and adenovirus receptor
(CAR) and connexin43 proteins
during postnatal development.
A Using three anti-CAR anti-
bodies, CAR was detected at
46 kDa. Anti-CARa and anti-
CARb antibodies cross-reacted
with other proteins (shown by
the arrowhead and arrows, re-
spectively). Proteins were not
identified. Anti-CARc antibod-
ies obviously reacted specifi-
cally with CAR. B Quantified
densitometry. CAR expression
relative to day 0 did not change
until 1 week after birth. Then, it
declined at 1 month and
3 months, and the declines were
statistically significant.
*P<0.05. **P<0.01 by Scheffe
test. #P<0.05. ##P<0.01 by the
Tukey-Kramer method
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SDs. The difference was considered statistically significant when
the P value was less than 0.05.

Results

Expression of mRNA in hearts
during postnatal development

The PCR products for CAR1 and CAR2 were detected at
expected length, indicating the existence of CAR in adult

rat hearts (Fig. 1B). No shorter products, suggesting
splicing variants, were detected.

The results of qPCR are shown in Fig. 2. The levels of
mRNA of CAR1 were 3.0- to 7.4-fold higher than those
of CAR2 throughout the postnatal development. The
levels of CAR1 mRNA started to decrease at 1 week after
birth. At 1 month of age, the hearts still showed higher
levels of CAR1 mRNA (1.68€0.49�106 molecules
mRNA/mg of total RNA) than those at 3 months
(0.91€0.14�106 molecules mRNA/mg of total RNA),
although the difference was not statistically significant.
However, CAR2 mRNA did not decrease throughout the

Fig. 4 Imunohistochemistry for
coxsackievirus and adenovirus
receptor (CAR). The develop-
mental changes in localization
of CAR were examined with
anti-CARc antibodies. A, B At
birth. C, D 1 week after birth.
E, F 1 month after birth, G, H
3 months after birth. I, J Nor-
mal rabbit immunoglobulins
were used at the same concen-
tration instead of the anti-CARc
antibody as the negative con-
trols for A and H, respectively.
The immunoreactivity of CAR
is clearly observed on the whole
surface of myocytes at birth.
Then, CAR seems to localize
predominantly at the intercalat-
ed disks. It should be noted that
the endocardium (A) and the
vessel walls (C) were free of
CAR. Original magnifications,
�600
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development and stayed at a lower level. CAR1 decreased
to 30% at 3 months after birth, and ANP, a typical fetal
phenotype, decreased more remarkably to 2.8%. In
contrast, a-cardiac myosin, a typical adult phenotype,
increased up to 390% at 3 months. N-cadherin, an
adhesion molecule, decreased significantly after 1 week
of age, similarly to CAR1, but connexin43 did not change
during the development.

Expression of CAR protein
in hearts during postnatal development

Using three anti-CAR antibodies, bands of CAR were
detected at 46 kDa throughout the development, even at
3 months of age (Fig. 3A). Immunoreactivity of each
antibody to CAR showed a difference. The anti-CARa
antibody showed weaker band expression than other anti-
CAR antibodies. Statistical analysis of the results of
densitometry revealed significant decreases of CAR from
1 week to 1 month, and 1 month to 3 months (Fig. 3B).

Immunohistochemistry of hearts

In neonatal rat hearts, CAR was stained on almost the
whole surface of cardiomyocytes (Fig. 4A, B). The
endocardium of the ventricle or the papillary muscles

revealed negative staining for CAR (Fig. 4A). Vessel
walls were also negative for CAR (Fig. 4C). After birth,
polarity of cardiomyocytes began to emerge, and immu-
noreactivity of CAR became more clear at the sites of
intercalated disks as they grew, while immunoreactivity
on the non-contacting surface of cardiomyocytes became
fainter (1 week: Fig. 4C, D, 1 month: Fig. 4E, F,
3 months: Fig. 4G, H). In the adult heart, CAR was
localized predominantly at the intercalated disks (Fig. 4G,
H).

Expression of CAR protein in cultured cardiomyocytes

Figure 5A shows the appearances of cultured cells at
different stages. The adhesion of cardiomyocytes to the
wells was not complete, even after 24 h of culturing, and
the density of adhered cardiomyocytes was low. By day 3,
most cells adhered to the wells, and the cell density was
similar to that of day 7.

Using three anti-CAR antibodies, the bands of CAR
were detected at 46 kDa (Fig. 5B). On day 0, cardiomy-
ocytes had lost most of the CAR molecules after
treatment in a trypsin solution. The result indicated that
most CAR molecules in neonatal rat hearts had existed on
the surface of the cells and were digested by trypsin. On
day 1, the blot for CAR became apparent, using all three
antibodies, although a significant rise was confirmed only

Fig. 5 The culture of car-
diomyocytes and expression of
coxsackievirus and adenovirus
receptor (CAR) protein. A Car-
diomyocytes were prepared
from neonatal rat hearts by
trypsin treatment (day 0). Non-
adherent cells were removed.
From day 0 through day 7, the
myocytes grow with increasing
intercellular contacts. B With
three anti-CAR antibodies,
CAR was detected at 46 kDa.
Anti-CARa antibodies and anti-
CARb antibodies cross-reacted
with other proteins (arrowhead
and thin arrows, respectively).
The smaller band, which de-
tected anti-CARb antibodies
(thick arrow) was considered to
be fragmented CAR. C Quanti-
fied densitometry. *P<0.05.
**P<0.01 by Scheffe test.
#P<0.05. ##P<0.01 by the Tu-
key-Kramer method
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for CARb (Fig. 5C). The expression of CAR reached a
plateau by day 3 and remained stable until day 7.

Immunofluorescence of cultured cardiomyocytes

Neonatal cardiomyocytes were specified by anti-aSMA
antibodies. CAR was clearly confined to the sites of
intercellular contact of cardiomyocytes (Fig. 6A, B, C).
After trypsin treatment on day 0, CAR did not exist on the
cell surface and was stained differently than cadherin
(Fig. 6D, E, F). Soon after the establishment of cellular
contacts on day 1, CAR was localized to the site of
intercellular contacts (Fig. 6G, I arrow), and cadherin was

observed at the same site (Fig. 6H, I). By day 2, CAR was
found at the sites of intercellular contact in parallel with
cadherin (Fig. 6J, K, L).

Localization of CAR and connexin43 in vivo and in vitro

CAR was shown on the whole surface of cardiomyocytes
in vivo at birth. Connexin43 was only sparsely stained,
but a polarity was not found (Fig. 7A, B, C). In contrast,
at 3 months of age, both CAR and connexin43 showed
apparent polarity and were co-localized predominantly at
the intercalated disks (Fig. 7D, E, F).

Fig. 6 Immunofluorescence of
cultured cardiomyocytes for
coxsackievirus and adenovirus
receptor (CAR) and cadherin.
A, B, C After 2 days of cultur-
ing, CAR labeled green with
fluorescein isothiocyanate
(FITC) localizes along the
junction between the two car-
diomyocytes, as identified by
anti-a smooth muscle actin an-
tibody, labeled red by tetra-
methyl rhodamine
isothiocyanate (TRITC). D, E,
F, G, H, I, J, K, L The
localization of CAR, labeled
green with FITC, was compared
with cadherin, labeled red by
TRITC. D, E, F The cardiomy-
ocytes on day 0 have lost CAR
on the cell surface due to tryp-
sin treatment. Cadherin remains
stainable on the cell surface. G,
H, I On day 1, CAR starts to
localize at the sites of cellular
contacts (arrows), where cad-
herin is also stained. J, K. On
day 2, co-localization of CAR
and cadherin is obvious along
the junctions. Original magnifi-
cations, �600. Scale bars,
10 mm
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In suspended neonatal cardiomyocytes, connexin43
was stained mainly beneath the cell surface, even after
trypsin treatment (Fig. 7H, I). On day 1, CAR and
connexin43 were shown to coexist at the sites of cell–cell
contact (Fig. 7J, K, L arrow). By day 2, the sites of
intercellular contacts became linear, and CAR and
connexin43 existed together as dense lines along the
junctions (Fig. 7M, N, O).

Discussion

The localization of CAR was emphasized as the deter-
minant of coxsackievirus and adenovirus infection [6, 9,
25, 33, 34, 35], and this is the first study demonstrating
spatiotemporal change of CAR in the heart during
postnatal development. The results will explain the

susceptibility of neonates and children to viral myocar-
ditis.

In this study, we confirmed the postnatal decrease of
cardiac CAR prior to histological examinations. As
demonstrated in a previous report [10], the postnatal
decrease of CAR mRNA in the heart was confirmed, but
in this study, we found that a decline of the mRNA level
was associated with a decline of CAR protein. Decreases
of CAR expression in adults have already been reported in
the skeletal muscle [19], brain [13], and heart [10, 14] of
rodents. The decline of cardiac CAR seemed less
remarkable and slower than those of skeletal muscle
and brain. The presence of a considerable amount of CAR
suggested that CAR has some roles in the heart, even in
adults. CAR is a molecule belonging to the immunoglob-
ulin superfamily, and we reported its role in homophilic
cell–cell contact [13]. It was interesting that the devel-
opmental decrease of an adhesion molecule, N-cadherin,

Fig. 7 The localizations of
coxsackievirus and adenovirus
receptor (CAR) and conexin43
in rat hearts and in cultured
cardiomyocytes. A, B, C In
newborn rat hearts, CAR, la-
beled green with fluorescein
isothiocyanate (FITC), localizes
on almost the whole surface of
cardiomyocytes. Connexin43 is
only sparsely stained but a po-
larity is not found. D, E, F. In
the adult rat heart, CAR local-
izes predominantly at the inter-
calated disks co-localizing with
connexin43. G, H, I Trypsin-
treated cardiomyocytes have
lost CAR from the cell surface,
and connexin43 sparsely re-
mains. J, K, L On day 1, CAR
and connexin43 are co-local-
ized at the sites of cellular
contacts (arrows). M, N, O On
day 2, CAR and connexin43 are
co-localized along the intercel-
lular junctions between the
cells. Original magnifications,
�600. Scale bar, 20 mm
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was similar to that of CAR, at least with respect to
mRNA, but the developmental change of connexin43,
which is a type of channel protein on the intercalated disk,
was not. We did not focus on the physiological function
of CAR in this study, and the role of CAR in the heart
remains to be studied.

Our principal finding was the spatiotemporal change of
CAR during postnatal development, and it was deter-
mined using anti-CAR antibodies. First, we prepared
three anti-CAR antibodies, anti-CARa, anti-CARb, and
anti-CARc, to precisely determine the change of local-
ization of CAR and then, tested their specificity. In
Western blot analysis, both anti-CARa and CARb anti-
bodies showed additional bands, which were considered
to be fragments of CAR or unrelated unknown molecules.
Anti-CARc antibody reacted only with CAR1 and showed
no additional bands; this is the reason that anti-CARc
antibody was used in the histological studies. We also
performed immunohistochemistry with anti-CARb anti-
body to detect both CAR1 and CAR2 and confirmed the
same staining pattern in developing hearts (data not
shown); at birth, CAR was found diffusely on the surface
of myocytes, but was localized predominantly at the site
of intercellular contacts in the adult heart.

However, in cultured cardiomyocytes, the cells re-
vealed diffuse immunoreactivity to the anti-CARc anti-
body, which was strongest on day 0. At that time, Western
blot analysis showed almost a negative band at 46 kDa.
This would mean that during the preparation of car-
diomyocytes, the extracellular domains of CAR must be
digested by trypsin, and fragmented CAR in the cyto-
plasma would be stained or the immunoreactivity might
be non-specific. The size of the smaller molecule detected
by anti-CARb antibody on day 0 was identical to that of
the proteolysed CAR in trypsin-treated HeLa cells [4],
and the reason for the absence of the shorter band with
anti-CARc antibody was unknown. Nevertheless, CAR
was clearly accumulated at the site of the contact once the
cultured myocytes established intercellular contact and
increased with intercellular contacts.

Interestingly, it was only when cardiomyocytes were in
immature hearts that cardiomyocytes expressed CAR and
other intercalated disk proteins onto the whole surface
without polarity. Reported localizations of intercalated
disk proteins, N-cadherin, and connexin43 in vivo [1, 24,
28] and in vitro [23, 28] supported our results and were
similar to that of CAR in terms of polarity. The
localizations seemed to depend upon the environment,
and, thus, there must be factors that lead those molecules,
including CAR, to the whole surface of cardiomyocytes
without polarity in the immature heart. The spatiotempo-
ral change of CAR was considered to be a part of the
dynamic movement of molecules during the maturation of
the intercalated disk.

Since CAR acts as a common receptor for both
coxsackievirus and adenovirus and the viruses are
frequent causes of myocarditis in humans, the up-
regulation in the hearts and the change of the intracellular
localization of CAR during development may affect the

susceptibility to these viruses. Actually, newborn and
young children are the most affected. When CAR is
localized on the whole cell surface, viral infection occurs
more easily, as shown in airway epithelial cells [25, 34].
However, when CAR is exclusively localized at the site of
cell–cell contact, the intercalated disks, viruses might be
unable to use the receptor to infect the heart, and this can
partly explain why viral myocarditis is common in
neonates and young children.

In conclusion, CAR was expressed abundantly on the
whole surface of cardiomyocytes in immature rat hearts.
Not only the expression level, but also the localization of
CAR, are the possible determinants of the susceptibility
of neonates and children to viral myocarditis. Further
studies will be needed to clarify the physiological and
pathological role of CAR in the heart and may possibly
lead to prevention or treatment of viral myocarditis and
dilated cardiomyopathy.
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Abstract In 1942, Jaffe and Lichtenstein introduced the
term aneurysmal bone cyst (ABC). Primary ABC is
characterized by the presence of spongy or multi-cameral
cystic tissue filled with blood. The process is benign, but
it is locally destructive and has a high propensity for
recurrence. In this paper, we present the third case of
multiple metachronous primary ABCs as a rare variant of
ABC. We describe the 10-year history of a 12-year-old
boy with metachronous multiple primary ABCs at five
different sites (right proximal humerus, right ulna,
bilateral distal radius and right lateral clavicle). Further-
more, our patient suffered from vascular malformations,
such as aortic isthmus stenosis, hypoplastic thoraco-
abdominal aorta and bilateral renal artery stenosis. To
date, in contrast to solitary ABC, the multiple lesions
have been found more frequently in male individuals.
Using interphase cytogenetics, we analyzed three of five
of the patient’s ABCs and one of these was also analyzed
by GTG-banding. No chromosomal abnormalities were
found. Significantly, we excluded the missense mutation
of codon 201 in guanine nucleotide-binding protein 1
gene consistently found in McCune-Albright syndrome

(MAS) and in non-MAS cases of polyostotic fibrous
dysplasia of bone with or without secondary ABC.

Keywords Aneurysmal bone cyst · Cytogenetics · CGH ·
FISH · Review

Introduction

In 1942, Jaffe and Lichtenstein [11] introduced the term
aneurysmal bone cyst (ABC). ABCs are very rare,
accounting for approximately 2.5% of all primary bone
tumors. They may develop as primary lesions or as
secondary lesions superimposed on preexisting condi-
tions, such as benign or malignant bone tumors. Primary
ABCs develop without preexisting conditions. The male/
female sex ratio is approximately 45:55 [6]. Almost 80%
of the lesions occur in skeletally immature patients who
are younger than 20 years [8]. ABC may affect every site
of the skeleton, but shows evident predilection for the
long bones and for the vertebral column. The typical
symptoms are pain and swelling, which may vary in
duration from weeks to several years. The lesion is lytic,
typically involving the metaphysis. Central ABC can be
distinguished from subperiosteal lesions. Magnetic reso-
nance imaging demonstrates the expansive nature of the
lesion, which is encircled by a thin rim of periosteal bone
of low signal intensity. In contrast to simple bone cyst,
ABC is characterized by a typical horizontal level of the
fluid content in computed tomography and magnetic
resonance tomography. The process is benign in nature,
but it is locally destructive and has a high propensity for
recurrence. Microscopically, ABCs are characterized by
the presence of spongy or multilocular cystic tissue filled
with blood. Distinguishing them from teleangiectatic
osteosarcoma is the most important differential diagnostic
problem and may be difficult [1].

To date, seven studies have focused on the cytogenet-
ics of primary solitary intraosseous ABCs, and recurrent
breakpoints were located at 16q22 and 17p13 [3, 7, 10,
14, 15, 19, 22]. In this paper, we present the third case of a
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boy with multiple ABCs, review the literature and discuss
the cytogenetics of ABC.

Case report

A 2-year-old boy presented with a pathological fracture of the
proximal humerus. Microscopic examination revealed a typical
ABC (Fig. 1A). This ABC recurred twice (at the age of 3 years and
7 years; Fig. 2A, B, D) and was treated by a defect reconstruction
by a non-vascularized fibula autograft (Fig. 2C). Over a 10-year
follow-up period, further lesions became symptomatic. The second
lesion occurred at the right lateral clavicle (Fig. 2E), the third at the
right distal radius (Fig. 2F) and the fourth at the left distal radius
(Fig. 2G). All these ABCs were treated by surgery, due to loss of
stability and histological examination of these new ABCs, and re-
evaluation of the former lesions excluded malignancy, e.g.,
teleangiectatic osteosarcoma (Fig. 1B, C, D). Periodic clinical
and radiographic follow-up revealed one further ABC at the right
ulna (Fig. 2H). Radiographs demonstrated well-defined osteolytic
diametaphyseal lesions, which were complicated by a pathological
fracture (Fig. 2B, D). The right distal radius had to be reoperated
upon at the age of 12 years, due to a pathological fracture. The boy
had no history of trauma and was otherwise well. Physical
examination revealed arterial hypertension due to bilateral renal
artery stenosis. Furthermore, at the age of 9 years, the boy
underwent surgery for aortic isthmus stenosis. Angiographically,

the whole thoraco-abdominal aorta was hypoplastic. The manu-
script was written with the informed consent of the patient’s
parents.

Materials and methods

Immunohistochemistry

Immunostaining was performed using a routine indirect peroxidase
method. The following antibodies were used: CD31 (clone JC/70A,
Dako, Glostrup, Denmark), CD68 (clone KP1, Dako), anti-Ki67
(clone MIB-1, Dianova, Hamburg, Germany) and anti-p53 protein
(clone DO-7, Dako). The antibodies were used at a final
concentration of 1–2 �g/ml.

Cell culture and chromosome preparation

We performed a short-term culture of the third ABC (right distal
radius). The primary cells were seeded, cultured and subcultivated
as previously described [17].

After short-term culture (2–4 days), metaphase chromosome
spreads were prepared from the ABC and from primary blood cell
cultures of healthy donors [for comparative genomic hybridization
(CGH) experiments] using standard protocols [17]. Cells were
karyotyped by conventional GTG-banding techniques according to

Fig. 1 Morphology of four of five aneurysmal bone cysts (ABCs).
The septa and more solid areas are composed of loose, fibrous
tissue that has numerous capillary channels, multinucleated giant
cells, inflammatory cells and extravasated red blood cells. The
cystic spaces do not have any clearly recognizable lining. A Right

humerus [hematoxylin and eosin (H&E) �200]. B Right clavicle
(H&E �200). C Right distal radius (H&E �400). D Right clavicle.
Using an anti-p53 antibody, 2% of tumor cell nuclei were
immunohistochemically stained. Arrows indicate the immunoreac-
tive nuclei (�400)
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Fig. 2 Radiology of five aneu-
rysmal bone cysts (ABCs). Ra-
diographs demonstrated well-
defined osteolytic diametaphy-
seal lesions. A–D Right humer-
us. This ABC recurred twice (at
the age of 3 years and 7 years).
The lesion was treated at least
by marginal subperiosteal re-
section and defect reconstruc-
tion by a non-vascularized
fibula autograft (C). The his-
tology of the recurrence is
shown in Fig. 1A. E Right
clavicle. The second lesion oc-
curred at the right lateral clav-
icle 1 year later (for histology
see Fig. 1B). F Right distal
radius. Histological examina-
tion of this ABC is demonstra-
ted in Fig. 1C, D. G Left distal
radius. H Right proximal ulna
(arrow indicates the lesion).
Periodic clinical and radio-
graphic follow-up revealed fur-
ther ABCs at the left distal
radius and the right ulna
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the 1995 International System for Human Cytogenetic Nomencla-
ture.

Comparative genomic hybridization and fluorescence in situ
hybridization

The ABCs were available as paraffin-embedded material and as
fresh-frozen tissue. Histological evaluation of these samples
revealed an estimated tumor cell content of 90% of tissue volume.
The DNA from the fresh-frozen tumor tissue and the control-DNA
from fresh-frozen material of normal human tonsils were isolated
by phenol/chloroform extraction. Nick translation of DNA probes
and CGH analysis were carried out according to the protocol
previously described in detail [17]. Image acquisition and process-
ing were performed with the image analysis system ISIS (Meta-
Systems, Altlussheim, Germany).

Fluorescence in situ hybridization (FISH) was performed on
imprint cytology slides at the second and third ABC (clavicle and
right radius) and on interphase nuclei or metaphase spreads of the
last lesion of the third ABC (right radius) as previously described
[17]. The following commercially available digoxigenin- or biotin-
labeled probes were used with assignment to human chromosomes:
6cen, p53 and the combined probe m-bcr/abl with assignment to
9q34 (ABL locus) and 22q11.2 (BCR locus) (all probes by Q-
Biogene, Illkirch Cedex, France). Additionally, we used the
following YAC clones obtained from the CEPH YAC library:
798_G_8 (8p12), 763_A_3 (22q12) and 744_F_6 (22q12) [17].
FISH experiments were performed as dual-color hybridization as
previously described [17].

PCR amplification

The polymerase chain reaction (PCR) reactions were carried out in
a final volume of 50 �l containing 100 ng DNA, 10 pmol of each
primer, 10 mM Tris/HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl2 and
200 mM of each nucleotide in a thermocycler (Primus 96 plus,
MWG-Biotech, Germany). In all PCR amplifications, the reverse
primer [exon 10 of guanine nucleotide-binding protein 1 (GNAS1)
DNA] gnas1b 50-GCT GCT GGC CAC CAC GAA GAT GAT-30

was used [13]. A set of forward PCR primers specific for three
different point mutations in codon 201 (exon 8) of GNAS1 DNA
were selected: gnasCys/R201C, 50-T CAG GAC CTG CTT CGC
TGC T-30; gnasGly/R201G, 50-T CAG GAC CTG CTT CGC TGC
G-30 and gnasHIS/R201H, 50-T CAG GAC CTG CTT CGC TGC
CA-30. Importantly, these primers do not amplify the 372 bp DNA-
fragment of the wild type DNA-sequences of GNAS1 in PCR. As
the control, we performed PCR with two forward primers to
amplify a wild-type specific GNAS1 fragments: WT1, 50-T CAG
GAC CTG CTT CGC TGC C-30 (gnasWT1; wild-type sequence as
control for gnasCys and gnasGly) and WT2, 50-T CAG GAC CTG
CTT CGC TGC CG-30 (gnasWT2; wild-type sequence as control
for gnasHIS). Figure 3 shows the GNAS1 cDNA (Gene bank
accession no. NM000516) and the position of the oligonucleotide
primer used for PCR amplification.

For all primer sets, hot start PCR was performed with initial
denaturation at 95�C for 5 min. This was followed by 30 cycles at
95�C for 1 min, 70�C for 0.5 min and 72�C for 1 min. Final
extension was carried out for 10 min at 72�C. One negative control
was included for each PCR reaction with DNA of normal human
tonsils without GNAS1 mutation. The PCR experiment was
reproduced three times. To confirm the GNAS1 cDNA identity of
the PCR products, DNA sequencing was performed.

Results

Morphology of the ABC

Microscopically, we examined four of the patient’s five
ABCs (Fig. 1A, B, C, D). The microscopic features of
ABC specimens demonstrated multilocular cystic archi-
tecture of the lesion under low-power examination. The
septa and more solid areas were composed of loose,
fibrous tissue that has numerous capillary channels,
multinucleated giant cells, inflammatory cells and ex-
travasated red blood cells. All four specimens demon-
strated hemosiderin within the ABC. The cystic spaces
did not have any clearly recognizable lining, but rather
flattened, endothelial-like, CD31-negative cells. Using an
anti-p53 antibody, about 5% of the cell nuclei were
immunohistochemically stained. Giant osteoclast-like
cells were predominantly located in the area of ex-
travasated red blood cells. Osteoid was frequently
deposited in the form of long strands that were partially

Fig. 3 Guanine nucleotide-binding protein 1 (GNAS1) codon 201
analysis. A cDNA sequence of GNAS1. Underlined oligonucleotide
sequences demonstrated the previously published reverse primer
(gnas1b) [13]. Primer sequences specific for GNAS1 mutations of
codon 201 and wild type sequences are given in italics. Codon 201
is given in bold type. B Electrophoresis of polymerase chain
reaction (PCR) products on a 1.5% agarose gel. The 372bp-PCR
products of DNA are demonstrated in the following order: WT1,
R201C, R201G, WT2, R201H. Lanes 1–5 represent PCR products
of normal human tonsils DNA. Lanes 6–10 demonstrated PCR
products of DNA derived from the fourth aneurysmal bone cyst
(left distal radius). Lanes 11–15 showed the positive control, DNA
from a biopsy of fibrous dysplasia in McCune-Albright syndrome
(heterozygous for the arg201-to-cys, R201C). M = 100 bp ladder
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mineralized. Sarcomatous cells with atypical mitoses
producing tumor osteoid were absent.

Cytogenetics in ABCs (right lateral clavicle,
bilateral distal radius)

CGH of total tumor DNA of all three ABCs revealed no
chromosomal imbalance. Using interphase FISH, the
imprint cytology specimens of the second and third
ABC were analyzed with a TP53 locus-specific probe
(17p13.1). Dual color FISH analysis of imprint cytology
specimens demonstrated two signals per nuclei in 88–
99% of nuclei of TP53 locus, whereas the second probe
revealed two signals in 85–97% of nuclei (6cen, 8p22,
22q12). Furthermore, using a TP53 locus-specific probe,
we screened five metaphases of the short-term cultured
cells of the third ABC (right distal radius). TP53 signals
were located at the right band (17p13.1) on chromosome
17.

Of 21 metaphase cells of the third ABC (right distal
radius), 6 could be analyzed using conventional cytoge-
netics (passage numbers 1 and 2). Five cells were
karyotypically normal (46,XY), one metaphase demon-
strated 47,XY,+11. All metaphase cells demonstrated
normal chromosomes 16 and 17.

GNAS1 mutation analysis of codon 201

For analysis using PCR, we extracted total DNA of two
ABCs (right and left distal radius). Using this technique,
we were able to exclude the activating mutations R201G,
R201C and R201H in GNAS1 described in polyostotic
fibrous dysplasia and McCune-Albright syndrome (MAS)
(Fig. 3).

Discussion

A review of the scientific literature shows that cytoge-
netic studies focusing on ABC are rare. Of 19 cases of
intraosseous ABCs, 9 (47%, two were not informative)
demonstrated a normal karyotype [3, 7, 10, 14, 15, 19,
22]. Recurrent breakpoints involved 16q22 or 17p13 [7,
10, 14, 19, 22], suggesting that these segments are non-
randomly involved in at least some ABCs [10]. Dal Cin
and co-workers [7] mentioned that genes in 16p22 or
17p13 can be activated by several alternate mechanisms
in ABCs. One group [22] suggested that the putative gene
on 17p13 is located between the locus of the tumor
suppressor gene TP53 (17p13.1) and the Miller-Dieker
syndrome locus (17p13.3). In the present case, we did not
find t(16;17)(q22;p13), a structural abnormality of chro-
mosomes 16 or 17, a deletion of the TP53 locus or a split
signal of TP53 FISH probe on metaphase spreads.
Recently, 22 primary ABCs were screened for TP53
mutations [18]. They did not reveal any mutation of
TP53.

An important differential diagnosis in this boy was
metastatic disease of teleangiectatic osteosarcoma. In
addition to radiological and histological examination, we
also used interphase cytogenetics. We did not find any
chromosomal imbalances. In contrast, in high-grade
osteosarcoma, CGH feature complex genomic imbalances
(range 8 to 32 or, on average, 18.5 aberrations/per tumor)
[5]. Therefore, CGH might be a helpful tool for differ-
ential diagnostics in this specific situation.

According to the literature, only four reports (three
male, one female) of multiple ABCs have been found in
mammals (Table 1) [2, 20, 21, 23]. Two studies described
these multiple ABC in boys [20, 23]. Both showed a
history of past trauma. In our case, no trauma was
described. The etiology of primary ABC is not quite clear,
but initiating trauma was suggested [8]. The remaining

Table 1 Summary of metachronous and multiple aneurysmal bone cysts (ABCs) in humans. Review of the literature and own case

Age Sex History Radiology Localization Histology Follow-up and
other symptoms

Reference

18 years Male Left elbow: rapidly
worsening and painful
swelling over a period
of 4 months; trauma
4 months previously

Bilateral osteo-
lytic in upper
end of ulna and
the humerus

Bilateral proximal
ulna, humerus/
olecranon

Biopsy from
both ulnar
lesions: ABC

Follow-up 1.1 year:
no other symptoms

[19]

9 years Male Left knee: painful for
a few months. Previous
trauma. 1.25 years
later: painful left leg
and hip

Osteolytic meta-
diaphyseal tibial
lesion

Tibia with recur-
rence, pubis

Biopsy from
tibia and
pubis: ABC

Follow-up 3 years:
no further recurrences
or new lesions

[17]

2 years Male 2 year pathological
fracture humerus (re-
operation at 3 years &
7 years); 9 years: right
clavicle; 10 years &
12 years: right radius;
11 years: left radius.
No trauma

Expanding
central osteolytic
metadiaphyseal
lesions

Right humerus,
right ulna, bilat-
eral radius, right
clavicle

Biopsy from
humerus,
bilateral distal
radius, right
clavicle: ABC

Follow-up 10 years:
aortic isthmus stenosis,
hypoplastic thoracoab-
domial aorta, bilateral
renal artery stenosis

Present
case
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two previously published cases were reported in animals,
one in a male 3.3-year-old llama [2] and the other in a
female 5-day-old foal [21]. In this study, we reported the
case of a boy who is now 12 years old. In solitary ABC,
the male/female sex ratio is approximately 45:55 [6]. In
contrast to primary solitary ABC, the multiple lesions
were more often observed in male individuals.

Yadav et al. [23] pointed out that, clinically and
roentgenologically, their case of multiple ABCs was
diagnosed as fibrous dysplasia, but careful histopatholog-
ical examination did not demonstrate an association of
ABC with another lesion. Therefore, another differential
diagnosis in this boy was polyostotic fibrous dysplasia
with secondary ABCs. Clinically, radiologically (Fig. 2)
and histologically (Fig. 1), there was no hint of fibrous
dysplasia. In order to confirm our diagnosis, we excluded
the missense mutation of codon 201 in GNAS1 gene
consistently found in MAS and in non-MAS cases of
fibrous dysplasia of bone [16] (Fig. 3).

Furthermore, our patient suffered from bone cysts and
complex vascular abnormalities with aortic isthmus
stenosis, hypoplastic thoraco-abdominal aorta and bilat-
eral renal artery stenosis. The combination of bone lesions
and vascular abnormalities is very rare. In Jaffe-Cam-
panacci syndrome, one 27-year-old woman presented
with multiple abnormalities, a combination of multiple
left-sided non-ossifying fibromata of the bone and
stenosis of the aortic isthmus [12]. In this case, we found
no hint for non-ossifying fibromata. In that case, the
cytogenetic evaluation of peripheral lymphocytes re-
vealed a normal female karyotype. In chromosome-X-
linked genetic disorders, such as Turner’s syndrome
(46,X0), vascular complications are common. In 15.4% of
cases, abnormality of the aortic isthmus is present [9].
This suggests that other chromosomal regions apart from
chromosomal band 16q22 and 17p13, especially genes
located on chromosome X, might play a pathogenic role
in the present case. Using CGH (4/5 ABCs) and GTG-
banding (1/5 ABCs) in this case, we failed to detect any
chromosomal imbalances or abnormalities, particularly
those of chromosome 16 and 17. One reason for this
might be that the resolution of CGH is limited to
chromosomal imbalances greater than 10–12 Mbp [4].
Another reason might be point mutations, which are, as
yet, unknown.

In summary, multiple ABCs do exist in mammals.
Worldwide, this is the third boy reported with multiple
ABCs. Importantly, we excluded GNAS1-mutation of
codon 201, characteristic for MAS. Thus far, unlike
solitary ABC, the multiple lesions were more often found
in male individuals. We suggest that further chromosomal
regions, apart from 16q and 17p13, probably genes
located on chromosome X, are of importance in the
development of at least this specific subset of ABCs.
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Abstract Myofibromatosis is a rare infantile benign
neoplasia, which may involve the heart in the rare and
usually fatal generalized form of the disease. Diagnosis of
endocardial myofibromas was made on two surgically
excised lesions of the mitral valve that were reveled by a
cerebral embolization in a 12-month-old female infant.
Surprisingly, the patient had no other obvious lesion of
myofibromatosis. However, her father had a histological-
ly proven neonatal history of myofibromatosis. This case
confirms the likely autosomal dominant mode of inher-
itance of myofibromatosis. It highlights the embolization
risk of the previously unreported endocardial location.
We suggest that these clinically isolated non-invasive
endocardial myofibromas did not represent a true visceral
form of myofibromatosis. They were, rather, similar to
the frequent intravascular growth of the disease.

Keywords Myofibromatosis · Heart tumors · Cerebral
embolization

Introduction

Solitary myofibromas and myofibromatosis (multicentric
myofibromas) mostly involve cutaneous and subcutane-
ous tissues, muscle or bones [9, 10]. These benign
neoplasms carry an excellent prognosis, often with
spontaneous regression. However, the rare generalized
form of myofibromatosis with visceral involvement,
especially of the lungs, heart, gastrointestinal tract and
pancreas, is usually fatal [4, 5]. Otherwise, familial
occurrences of myofibromas are exceptionally reported,
probably due to overlooked small, asymptomatic or
regressive lesions in relatives [1]. We herein report
revealing endocardial lesions that were treated by surgical
resection in a 12-month-old girl whose father had a
neonatal history of myofibromatosis. We discuss the
significance of these very unusual lesions, which were not
associated with other obvious visceral locations of the
disease.

Clinical history

At the age of 12.5 months, a female infant in good health and with
no personal past history presented with a hemiplegia. Magnetic
resonance imaging showed a large ischemic cerebral lesion with no
hemorrhage. Echocardiography showed two lesions in the left
atrium, one appearing cystic (Fig. 1). These lesions were mobile
with the mitral valve. There was no valvular dysfunction. Diagnosis
of cerebral embolization from the heart was made. The two lesions
were surgically excised from the mitral valve with a leaflet repair
6 weeks later. No other lesions were observed in the heart.
Postoperative echocardiography showed only minimal mitral valve
insufficiency. Physical examination of the patient showed no
obvious skin lesion. Chest and bone radiograms and abdominal
echography were normal. The hemiplegia has partly regressed
1 year after its onset, and the patient is able to walk.

In the neonatal period, the 27-year-old father of the child had
suffered from severe laryngeal dyspnea, which had required a
surgical treatment. At that time, histological diagnosis of congenital
fibromatosis had been made by the resection of one of several
cutaneous nodules that disappeared in the following months. No
pathological report about the laryngeal lesion is available.
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Materials and methods

The heart lesions were routinely processed, fixed in 10% formalin,
embedded in paraffin and stained with hematein and eosin and with
Weigert’s resorcin-fushin method for elastic fibers. Immunohisto-
chemical study was performed with LSAB2 Kit peroxidase (Dako,
Trappes, France). The primary antibodies, directed against the
following antigens, were used with the indicated working dilutions:
smooth muscle actin (Dako M851, 1/25), desmin (Microm
MS376S, Francheville, France, 1/25), CD34 (Immunotech-Beck-
man 0786, Villepinte, France, 1/25), S100 protein (Dako Z311, 1/
50) and ALK1 (Dako M7195, 1/25). Antigen retrieval using
microwave was performed for the latter antigen.

Results

The two lesions measured 1�0.8�0.6 cm and
1.5�0.2�0.2 cm, respectively (Fig. 2). Their surface was
smooth with no thrombosis. Histological features were
characteristic of myofibromas (Fig. 3 and Fig. 4). The
lesions were multi-nodular. In the periphery of the
nodules, spindle-shaped tumor cells, with an eosinophilic
cytoplasm and a vesicular nucleus, were arranged in
bundles. In the center of the nodules, tumor cells were
smaller and associated with vessels showing a hemangi-
opericytoma-like pattern. Rare normal mitotic features
were present (1/10 high-power field). The lesions also
contained fibrous areas. The center of the rounded lesion
was necrotic, which explained the echographic cystic
appearance. There was no calcification. Fushin resorcin
stain showed no elastic fibers in the lesions beyond the

Fig. 2 Macroscopic appearance of the two resected lesions, one
rounded and one elongated, with a smooth surface. Millimetric
scale

Fig. 1 Echocardiography showing the two lesions in the left atrium
(LA), close to the mitral valve. The centrally necrotic one appeared
cystic. LV left ventricle

Fig. 3 A Low magnification of a lesion with its valvular base (left);
hematein and eosin, �20. B Cellular nodule with small spindle cells
and large vessels, surrounded by bundles of larger elongated cells,
characteristic of a myofibroma; hematein and eosin, �40
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small valvular base. This valvular base was only super-
ficially invaded (Fig. 3).

Tumor cells expressed smooth-muscle actin, especially
in the bundles at the periphery of the nodules. These
tumor cells were negative for desmin, S100 protein,
ALK1 and CD34. CD34 immunostaining of endothelial
cells highlighted the hemangiopericytic pattern (Fig. 4).
Scattered CD34-positive endothelial cells also were
present at the surface of the lesions.

Discussion

In myofibromatosis, heart lesions have only been reported
in the rare generalized form, with visceral involvement [4,
5]. This generalized form is characterized by a significant
morbidity and mortality, resulting from vital organ obstruc-
tion, failure to thrive or infection [10]. Heart involvement
has been reported as a frequent finding in autopsy cases
with disseminated lesions [4, 5]. Macroscopic appearance
of multiple nodules in the left and right ventricular and
septal myocardium is illustrated in one case [5]. Otherwise,
heart locations are not specifically described, and we have
not found any mention of endocardial lesions. Rare visceral
myofibromas may be cured by surgery or show spontaneous
regression [7]. However, our case, with a cardiac lesion
cured by surgery and unassociated with other obvious
visceral lesions, is very surprising. Visceral myofibromas
are usually not well delineated [10], while the lesions in our
case did not invade the underlying cardiac valve. Thus, the
clinical setting and the macroscopic feature of our case led
us to think that the endocardial lesions did not represent a
true visceral involvement. Such endocardial locations are
rather similar to the frequent intravascular subendothelial
growth frequently observed in myofibromas, regardless of
their location [9]. This endovascular growth does not have

any prognostic significance [10], but our case illustrates the
risk of embolization.

There is no firm conclusion regarding the genetics of
myofibromatosis, since only rare familial cases of have
been documented [9]. Cases in siblings or with consan-
guinity suggest an autosomal recessive mode of inherit-
ance, but occurrences in half-sisters or in successive
generations, as in our case, make an autosomal dominant
hereditary disease more likely [1].

The elongated shape of one endocardial lesion in our
case contrasted with the usual nodular shape of a
myofibromas. This was possibly related to the constant
and rapid movement of the lesion with the mitral valve in
the blood flow. However, mechanical phenomena in the
heart do not seem to alter histological features of
myofibromas, which present no histological particularity
related to myocardial or endocardial location.

Our case, occurring on the mitral valve, could have
clinically simulated a papillary fibroelastoma, which is
the most common primary tumor of heart valves, or a
cardiac myxoma, which is the most common primary
endocardial tumor. However, pathological features of
papillary fibroelastomas and myxomas [2] are totally
different from those of myofibromas. Histologically,
infantile heart tumors showing the same myofibroblastic
differentiation as myofibromas, namely cardiac fibromas
and inflammatory myofibroblastic tumors, must be con-
sidered in the differential diagnosis [6]. Cardiac fibroma
is more frequent. Unlike myofibroma, cardiac fibroma is a
unique lesion, which only develops within the myocar-
dium. Furthermore, cardiac fibroma lacks hemangioperi-
cytoma-like features and contains elastic fibers. Single or
multiple inflammatory myofibroblastic tumors of the
heart have rarely been reported [6]. Inflammatory myofi-
broblastic tumor differs from myofibroma due to its
prominent inflammatory infiltrate, including plasma cells,
and its lack of hemangiopericytic areas. ALK1 immuno-
reactivity in inflammatory myofibroblastic tumor may
also be an adjunct to differential diagnosis [3]. Otherwise,
infantile hemangiopericytoma and myofibroma are now
regarded as a single entity [8].

In conclusion, the present case of myofibromatosis,
which occurred in a familial setting, presented with a very
unusual endocardial location. We suggest that this
isolated cardiac involvement, cured by surgical resection,
did not represent a true visceral form of the disease, but
was rather a subendothelial lesion without bad neoplastic
significance, despite a risk of embolization.
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Sir, We have recently encountered an interesting case of a
malignant granular cell tumor of the esophagus. The
patient was a 71-year-old man who died of malignant
granular cell tumor of the esophagus with pleural effusion
and multiple liver metastases.

The patient presented complaining of dysphagia for the
past 10 months. A barium swallow showed a filling defect
in the lower part of esophagus. Esophagogastroendoscopy
showed a submucosal tumor with central ulceration
located 35 cm distal from the incisor teeth. The computed
tomography scan (CT) of his chest revealed a solid tumor
mass measuring 6�4 cm in diameter with obstruction in
the mid-esophagus. Biopsies of this area demonstrated a

granular cell tumor. The patient subsequently underwent
an esophagogastrectomy.

The resected esophagus revealed a submucosal tumor
in the mid-esophagus. It was a poorly defined mass,
measuring 10�5 cm in length, with circumferential
involvement. At the cut surface, the tumor was white,
firm and involved beyond the proper muscle layer into the
adventitia.

Microscopically, tumor cells mainly grew in the
submucosa and infiltrated beyond the proper muscle
layer into the adventitia. The surgical margin was free of
tumor cells. Pseudoepitheliomatous hyperplasia of the
squamous epithelium overlying esophageal tumor was
present.

The tumor cells were arranged in small clusters
divided by thin fibrous connective tissue septa (Fig. 1).
The tumor cells showed oval, polygonal or spindle-shaped
cytoplasm with abundant eosinophilic cytoplasmic gran-
ules (Fig. 1). Occasional mitotic figures were seen
(mitotic index: 0.3%) (Fig. 1). In some areas, the tumor
cells showed nuclear pleomorphism with prominent
nuclear atypia. Small necrotic foci were present. Oval-
shaped tumor cells with small blunt nuclei were noted to
proliferate in the lamina propria, just beneath the esoph-
ageal epithelium. Lymph-node metastasis was not ob-
served. Immunohistochemically, most tumor cells were
positive for S-100 protein (Dako, CA, USA), keratan
sulfate (Seikagaku Kogyo, Japan), neuron specific eno-
lase (Dako), CD68 (Dako), and vimentin (Dako), and
about one-third of tumor cells were positive for CD57
(Beckton Dickinson, CA, USA). Collagen type IV (Dako)
was demonstrated around nests of tumor cells. The tumor
cells showed no reactivity for carcinoembryonic antigen
(Dako), myelin basic protein (Dako), CD34 (Dako), c-kit
(Dako), chromogranin A (Dako), synaptophysin (Dako)
and p53 (Dako). The tumor cells showed a higher Ki67
value (8.3%€2.1) than five cases of benign granular cell
tumors used as controls (3.3%€2.9). In addition, the
tumor cells with small blunt nuclei in the lamina propria,
just beneath the esophageal epithelium, showed lower
proliferative activity than the tumor cells showing pleo-
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morphism. Electron microscopically, the cytoplasm of the
tumor cells was abundant, with numerous lysosomes. On
Papanicolaou-stained smears obtained from the resected
tumor, tumor cells showed abundant acidophilic granular
cytoplasm with a lot of coarse granules positive for
diastase-resistant periodic acid-Schiff (PAS) reaction,
increased nuclear to cytoplasmic (N/C) ratio, pleomorphic
nuclei with hyperchromasia and coarse chromatin, large
nucleoli throughout the cytological sample (Fig. 2A) and
immunoreactivity for S100 protein. Some multi-nucleate
tumor cells and mitotic figures were also seen (Fig. 2B).
The patient developed bilateral pleural effusion 4 years
after the surgical resection. Aspiration preparations ob-
tained from the pleural effusion revealed tumor cells
similar to those seen in smears obtained from the resected
tumor, and the tumor cells were immunoreactive for S-
100 protein. A CT scan of his abdomen showed multiple
nodular lesions in his liver, which had not been seen on
the CT scan done before the esophagogastrectomy. The
biopsy from the nodular lesions in his liver was not done,
and metastasis of the granular cell tumor to the liver was
clinically assumed. The patient died of respiratory failure
4 months later. Autopsy was not done.

The present tumor had characteristic morphological
and immunohistochemical features, indicating a granular
cell tumor. Thus, the tumor cells had abundant acidophilic
granular cytoplasm with diastase-resistant PAS-positive

lysosomal granules. Immunohistochemically, the tumor
cells were positive with markers indicative for granular
cell tumors: S-100 protein, keratan sulfate, CD57, vi-
mentin, NSE and CD68 [7]. Negative staining of endo-
crine markers and myogenic markers was helpful to
differentiate this tumor from endocrine tumors or myo-
genic tumors [7]. This tumor was also different from
gastrointestinal stromal tumor on the basis of negative
staining for CD34 and c-kit and from peripheral nerve
sheath tumor on the basis of positive reaction for keratan
sulfate [2, 7].

Granular cell tumor is generally a benign tumor
occurring in any part of the body [7]. Malignant granular
cell tumor is extremely rare, estimated to be 1–2% of all
cases [7]. Four cases of malignant esophageal granular
cell tumor have been reported [1, 5, 6, 9]. Crawford and
DeBakey reported a case of 31-year-old female patient
with infiltration into the trachea and thyroid cartilage [1].
The 23-year-old female patient reported by Obiditsch-
Mayer and Salzer-Kuntschik had prominent tracheal and
esophageal infiltration, as well as metastases to the
cervical lymph nodes, and died 7 months later [5].
Ohmori et al. reported a 70-year-old female patient with
malignant granular cell tumor with mitotic figures [6].
Wyatt et al. reported a 78-year-old female patient with
malignant granular cell tumor with mitotic figures and
vascular invasion [9]. Recently, Fanburg-Smith et al.

Fig. 1 Tumor cells are arranged
in small clusters divided by thin
fibrous connective tissue septa.
Tumor cells show abundant eo-
sinophilic granular cytoplasm
with numerous coarse granules.
(Hematoxylin and eosin (H&E)
stain, original magnification
�100). Inset: mitotic figure is
present. (H&E stain, original
magnification �400)

Fig. 2 Tumor cells obtained
from the resected tumor showed
increased nuclear to cytoplas-
mic ratio, abundant acidophilic
granular cytoplasm with nu-
merous coarse granules, and
hyperchromatic coarse nuclei
with large nucleoli (A). Mitotic
figure is present (B). (Papani-
colaou-stain, original magnifi-
cation �1000)
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proposed histological criteria to define malignant granular
cell tumor of the soft part, including necrosis, spindling,
vesicular nuclei with lager nucleoli, increased mitotic
activity (>2 mitosis/10 high power fields at �200 mag-
nification) and a high N/C ratio and pleomorphism [3].
They classified the granular cell tumors that satisfy three
or more of these criteria as histologically malignant
granular cell tumors. More recently, Wieczorek et al.
proposed cytological features of malignant granular cell
tumor of the soft part, including hyperchromasia, coarse
chromatin, increased N/C ratio, nuclear pleomorphism
and vesicular nuclei with enlarged nucleoli and spindle
cell morphology, which were associated the most closely
with malignancy when they were present throughout the
cytological sample [8]. They also reported that mitoses
were present in malignant granular cell tumors and absent
from all benign granular cell tumors [5]. The present case
satisfies five of these criteria, including necrosis, spin-
dling, vesicular nuclei with large nucleoli, increased
mitotic activity and pleomorphism. In addition, the
present case developed pleural dissemination and as-
sumed metastasis to the liver and is, therefore, considered
a true malignant form of this generally benign tumor [4].
In the present case, the presence of round to oval shaped
tumor cells with small blunt nuclei proliferating in the
lamina propria just beneath the esophageal epithelium
suggests the possibility of malignant transformation of a
preexisting benign granular cell tumor.
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6–7 April 2004
Non-Operative Breast Pathology Course
Nottingham, UK

This 2-day course will cover aspects of tissue sampling including
FNAC and needle core biopsy. Formal lectures and workshops.
For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

9–12 May 2004
XIV EUROCELLPATH COURSE: The Impact of Proteomics
and Genomics in Pathology
Girona, Spain

The Organising Committee of the next EuroCellPath Course in-
vites you to come to the beautiful city of Girona to enjoy an out-
standing program on a very timely topic, addressed by leading au-
thorities in the field, in an inspiring setting. The subjects covered
in this course will be the following:
● DNA arrays: Methods and Goals
● Tissue Microarrays: A Tool for Rapid, Efficient Translational

Research
● Proteomics: From Genes to Functions
● Tissue Procurement and Handling: Laser Capture Microdissec-

tion and Other Techniques
● Bioinformatic Tools for Array Data Mining
● Application of Array Genomics and Proteomics in Pathology
● Molecular Pathology of Genes and Proteins: What to Look For

and When.
You may also submit your abstracts on these or other related top-
ics, to be presented either as platform or poster during the Course.
For further information, please contact:
Prof. Josep Lloreta-Trull (local organizer) 
Department of Pathology 
Hospital del Mar-IMAS-IMIM 
Universitat Pumpeu Fabra 
Passeig Marítim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31, Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es or enter the course website
http://www.tilesa.es/eurocellpath04/

10–14 May 2004 
Diagnostic Histopathology of Breast Disease
Hammersmith Hospital (Imperial College), London, UK

A week-long course designed for pathologists at Consultant and Se-
nior Trainee level. The course provides a comprehensive coverage of
the Histopathology of Breast Disease, with special emphasis on areas
that pose diagnostic difficulties. The participants will be given ample
time to study histological preparations, followed by illustrated dis-
cussion of the cases. There will be special sessions dealing with the
interpretation of core biopsies and fine needle aspirations. There will
also be several daily talks dealing with specific topics, given by emi-
nent breast pathologists and followed by discussion. The topics will
include reporting breast biopsies, immunohistochemistry, receptor
and c-erbB-2 assessment, dealing with the gross specimen, prognos-
tic factors, proliferative lesions/carcinoma in situ, problems in breast
pathology, mucinous lesions of the breast, a practical approach to the
diagnosis of breast lymphomas and molecular pathology including
the morphology of breast cancer associated with BRCA1 & 2 muta-
tion. The faculty will include Ian Ellis, Christopher Elston, Andrew
Hanby, Kristin Henry, Stephen Humphreys, Sunil Lakhani, Andrew
Lee, Naomi Livni, Sarah Pinder and Sami Shousha. 

Further details from:
Wolfson Conference Centre
Hammersmith Hospital
Du Cane Road
London W12 ONN, UK
Tel: (44) 20 8383 3117/3227/3245
Fax: (44) 20 8383 2428
E-mail: wcc@ic.ac.uk

1–11 June 2004
International course on Laboratory Animal Science
Utrecht, The Netherlands

A two week intensive course on laboratory animal science will be
organized at the Department of Laboratory Animal Science – Ut-
recht, The Netherlands in June 2004. This course is organized
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their location. For this purpose, during the
course the acquisition of teaching materials can be discussed with
the course committee.

For information and application forms please contact:
Prof. L.F.M. van Zutphen, PhD or
Mr. Stephan van Meulebrouck, MA
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Tel.: ++31-30-2532033
Fax: ++31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click on “Education and Training”)
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4–5 June 2004
15th Ljudevit Jurak International Symposium 
on Comparative Pathology
(http://www.kbsm.hr/Jurak/symposium.htm), will be held 
in Multimedial center Sestre milosrdnice University Hospital, 
Vinogradska 29, Zagreb, Croatia.

The main symposium topic is head and neck pathology (in-
cluding ophthalmopathology). Symposium includes following
sections: Pathological Morphology of the Human and Animal 
Diseases, Iatrogenic, Environmental and Experimental Pathology,
Herman Jurak Round Table on Rheumatological Pathology, Tele-
pathology on-line conference, Clinical Forensic Pathology, Slide
Seminars in Histopathology and Cytopathology, Quiz on Pathology.

For further information please contact:
Davor Tomas, M.D.
Ljudevit Jurak Clinical Department of Pathology
Sestre milosrdnice University Hospital
Vinogradska 29
10000 Zagreb, Croatia
Phone: 385-1-3787-909
Fax: 385-1-3787-244
e-mail: dtomas@kbsm.hr, juraks@kbsm.hr

7–9 June 2004
40th Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

This non residential course includes one and a half days of multi-
disciplinary education and one and a half days of seminars specific
to each discipline.

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

11–16 July 2004
ULTRAPATH XII: Conference on Diagnostic Electron 
Microscopy with Surgical, Clinical, and Molecular Pathology
Correlations
Barcelona, Spain

The scientific program will cover diagnostic Electron Microscopy
as well as Diagnostic Pathology – with immunohistochemical and
molecular correlations – and translational research. Renowned ex-
perts in the field from both sides of the Atlantic will present up-
dated comprehensive reviews of significant areas of Pathology. In
addition, a new section of the meeting will be devoted to a Patho-
logy Review Course. Platform and Poster presentations will also
be an important part of the program.

For further information, please contact:
Josep Lloreta-Trull, M.D., Ph.D. (chairman)
Department of Pathology, Hospital del Mar-IMAS-IMIM
Universitat Pompeu Fabra
Passeig Maritim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es.
The Application form and Abstract form can be found on the
meeting website, http://www.tilesa.es/ultrapath04/

27–30 July 2004, London
Practical Pulmonary Pathology

This course is designed to provide histopathology and cytopatho-
logy trainees and consultants with an opportunity to study dia-
gnostic lung pathology in a comprehensive manner. It comprises
lectures and practical microscopy sessions, the latter making up
roughly half the time and consisting of individual study of a
unique collection of cases.

For further details and application forms please contact:
Professor B Corrin, 
Brompton Hospital
London SW3 6NP
Fax: +44 20 7351 8293. 
E-mail: b.corrin@ic.ac.uk

9 September 2004
One day course on Advanced Ultrasound of the Breast
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

23–24 September 2004 (Change of date)
Thyroid Pathology for the Practicing Pathologist
15 rue de l’Ecole de Médecine, Paris, France

A 2-day course will take place in Paris under the auspices of the 
French Division of the I.A.P. This course will be given in English by
Prof. M. Sobrinho-Simoes (Porto) and Prof. R. Heimann (Brussels).

It will consist of lectures alternating with slide reviews and a
slide seminar over a multihead microscope. The cases of this
seminar will be sent (on CD) before the meeting. The audience
will be limited to 22 participants. 

Course fee: 390 euros (320 euros for members of any IAP divisi-
on). The fees include registration, hand-out, CD of the slide semi-
nar and coffee breaks.
For further information, please contact: 
Mrs. M. Fontanière
Administrative Secretary
French Division of the I.A.P. 32 Cours Albert Thomas
69008, Lyon, France
Fax: 33478754311
E-mail: academie.pathologie@wanadoo.fr

11 October 2004
Continuing Medical Education
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

22–24 November 2004
41st Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk
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Background

Galectin-3 is a member of a growing family of beta-
galactoside binding animal lectins. It is widely distributed
in human tissue and cell types and has a different
distribution within the cell, according to cell type and
functional status, being either restricted to the nucleus or
localized to the cytoplasm and/or the cell surface [1, 13].
Galectin-3 is physiologically produced by macrophages,
endothelial cells and several epithelial cells (colon, breast,
kidney). Its wide distribution is paralleled by a relatively
wide spectrum of actions which have been associated to
galectin-3 in both physiological and pathological condi-
tions. In particular, it plays a role in cell–cell and cell–
matrix interactions, cell growth, neoplastic transforma-
tion, metastatization, cell-cycle regulation and apoptosis,
cell damage and repair processes [1, 13]. Since galectin-3
expression is modulated by several oncogenic stimuli, it
was shown to be upregulated in different human tumors,
including large cell lymphoma, colorectal carcinoma,
breast carcinoma, hepatocellular carcinoma, brain tumors,
melanoma and finally thyroid carcinoma. In non-medul-
lary thyroid tumors, galectin-3 expression was restricted
to malignant follicular-derived tumors. In fact, neither
normal nor fetal [17] thyroid cells were found to contain
galectin-3 (as opposed to other galectins which can be
expressed even in physiological conditions). In addition,

hyperplastic lesions and benign thyroid tumors also
lacked galectin-3 expression [1, 13], although these latter
observations were not confirmed by all authors [9, 11]
(see below).

Surgical and cytological specimens

These findings prompted extensive investigations in the
field of follicular-derived thyroid tumors, since the
availability of a marker of malignant transformation in
follicular tumors would have been of paramount impor-
tance in diagnostic pathology in general and in fine-
needle aspiration biopsy (FNAB) cytological diagnosis, in
particular. The preliminary results obtained in a relatively
small series of thyroid tumors and/or FNABs showed a
relatively high sensitivity and specificity of the marker
galectin-3 in taking follicular adenomas apart from
carcinomas [3, 5, 13]. A large multicentric study coor-
dinated in 2001 by Dr A. Bartolazzi (University of Rome)
validated the role of galectin-3 in the differential diag-
nosis of follicular adenomas from follicular/papillary
carcinomas, with the specificity and sensitivity being
higher than 95% in both surgical and cytological spec-
imens [1]. These results were obtained in six different
centers and were based on the use of a purified mono-
clonal antibody to galectin-3 (produced by Dr A. Barto-
lazzi) and the use of a strictly biotin-free detection
system. Under such strictly controlled technical condi-
tions, it seemed reasonable to suggest that cytological
samples of follicular neoplasms found to contain galectin-3
(Fig. 1a) would have probably been malignant tumors to
be sent to the surgeon, as opposed to galectin-3-negative
follicular nodules, possibly consistent with hyperplastic or
adenomatous nodules that could have been kept under
clinical follow-up. A special comment is deserved for the
rare cases of follicular adenomas immunoreactive for
galectin-3, a finding currently poorly understood. These
cases may represent true false positives by immunohis-
tochemistry; however, they may also represent lesions
having a biologically malignant potential in the absence
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of morphological signs of invasive growth. As opposed to
molecular markers (the PAX8-PPARgamma gene fusion
product for example), which possess oncogenic implica-
tions and therefore are an early event in malignant
transformation, galectin-3 regulation in benign tumors
having malignant potential as well as in early malignant
lesions is poorly understood. In our experience, the
occurrence of galectin-3 immunoreactivity in adenomas is
peculiar to oxyphilic tumors. Preliminary data on galec-
tin-3 immunocytochemistry in a large series of oxyphilic
cell tumors are summarized in Table 1. In such cases,
sensitivity and specificity values were 94% and 87%,
respectively. Moreover, we were able to confirm previous
findings on the presence of galectin-3 immunoreactivity
in single follicular cells in the setting of Hashimoto’s
thyroiditis (Fig. 1b).

Technical problems

In practical terms, based on some controversial data
present in the literature, galectin-3 immunocytochemical
procedure still deserves validation and better setting. In
fact, a few recent papers suggested that galectin-3 im-
munodetection is not restricted to malignant tumors, but is

also observed in follicular adenomas [9, 10, 11]. The
reasons for the reported discrepancies among different
authors are multiple. In the thyroid gland, oxyphilic cells
are rich in endogenous biotin and galectin-3 immunocy-
tochemistry (as well as many other immunocytochemical
stainings) may provide false-positive results in oxyphilic
cell lesions due to biotin-based detection systems, espe-
cially when heat-induced antigen-retrieval methods, as in
the case of galectin-3 immunocytochemistry, are needed.
Therefore, as correctly pointed out by the group of Dr
LiVolsi [7], galectin-3 immunodetection may be a useful
adjunct to distinguish benign from malignant thyroid
tumors, only if used in a biotin-free detection system. We
would add that, as for any other antibody, the proper
working dilutions and technical conditions are to be set in
any laboratory, based on the type of primary antibody and
the tissue or cell tested (paraffin sections vs smears;
formalin vs alcoholic fixation; etc). Moreover, the tech-
nical procedure used to reveal galectin-3 is also crucial,
because only methods aimed to localize the molecule in
the tissue are reliable to interpret the final results.
Immunohistochemistry and in situ hybridization are
therefore the only acceptable methods in diagnostic
pathology or cytology. In fact, polymerase chain reac-
tion-based techniques, although highly sensitive, cannot
distinguish the cell population expressing galectin-3
mRNA [11]. Since it is well known that macrophages
and endothelial cells produce relatively large amounts of
galectin-3 in physiological conditions, such cell types
may well be present in the thyroid tumor or nodule
submitted to PCR analysis [2]. In addition, although the
immunohistochemical expression of galectin-3 was found
to correlate with mRNA expression [5], it is not com-
pletely understood how mRNA transcription is regulated
in benign conditions. That is, could follicular adenoma

Fig. 1 a Galectin-3 immunore-
activity in a “cell block” from a
fine-needle aspiration biopsy of
a histologically confirmed fol-
licular carcinoma (immunoper-
oxidase, 400�). b Focal galec-
tin-3 positivity in oxyphilic
cells of Hashimoto’s thyroiditis.
Macrophages of the germinal
center of a lymphoid follicle are
also positive and serve as in-
ternal positive control (immu-
noperoxidase, 200�)

Table 1 Immunohistochemical detection of galectin-3 in oxyphilic
cell lesions of the thyroid

Diagnosis Galectin-3 immunoreactivity

Nodular goiter with oxyphilic
changes

0/13 (0%)

Hashimoto’s thyroiditis 14*/15 (93%)
Oxyphilic adenomas 6*/45 (13%)
Oxyphilic carcinomas 46/49 (94%)

* Focal immunoreactivity
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lack the protein but express a certain level of galectin-3
mRNA? An answer is currently lacking and preliminary
data from our laboratory indicate that in situ hybridization
for galectin-3 mRNA using a specific oligonucleotide
probe is also positive in some “follicular adenomas”
(according to the currently accepted morphological crite-
ria of diagnosis) in the absence of any corresponding
immunoreactivity.

Practical applications

In surgical specimens, since the literature reported data on
its high sensitivity and specificity (over 95%) [1],
galectin-3 is a useful tool to ascertain the malignant
nature of a follicular-patterned capsulated nodule, made
of cells having clear nuclei suspected for papillary
carcinoma, i.e., for the differential diagnosis of follicular
adenoma from follicular variant papillary carcinoma. In
addition, it is reliable in the distinction of follicular
adenoma from minimally invasive follicular carcinoma,
in those cases lacking clear-cut morphological criteria
[16]. Finally, it may serve in the distinction of malignant
thyroid cysts from hemorrhagic cysts in the context of
hyperplastic goiter. In FNAB cytological specimens
(either smears or cell blocks), the indications to galec-
tin-3 immunostaining are restricted to follicular neo-
plasms (either conventional or oxyphilic). In this context,
galectin-3-producing follicular cells most probably re-
present a malignant process (follicular carcinoma or
follicular variant of papillary carcinoma) which needs
further treatment. In addition, galectin-3 immunoreaction
has been shown to have a higher sensitivity than cyto-
morphological examination (89.3% and 75%, respective-
ly) in recognizing malignant cells in a cystic tumor,
namely a cystic papillary carcinoma, containing rare
epithelial cells in the aspirated fluid [14]. In the case of
negative galectin-3 reaction, it has to be kept in mind that
a percentage of cases have a focal galectin-3 expression
and therefore a negative FNAB result is not a negative
case by definition. Conversely, a positive galectin-3
reaction is most probably suggestive of a malignant
process, although the possibility of a morphologically
benign follicular tumor (adenoma) cannot be excluded,
due to the rare galectin-3 expression in adenomas.

Any better marker?

Based on the above observation that galectin-3 is highly
sensitive and specific, but still a few cases fail to react in
the expected way, the search for alternative or additional
markers that can increase the diagnostic accuracy is
mandatory. The product of the fusion gene PAX8-
PPARgamma was found to be expressed by follicular
carcinoma nuclei but not by adenomas [8]. This finding
was not confirmed in subsequent reports, and the spec-
ificity of this marker is rather low. Conversely, other
authors have demonstrated the high sensitivity and

specificity of HBME-1, a marker of mesothelial cells
and tumors, which is overexpressed also by malignant
thyroid tumors (follicular and papillary carcinomas), and
of specific isoforms of the thyroid peroxidase enzyme
(TPO). The reliability of these makers has also been
shown in FNAB specimens [6, 15]. Finally, a role of
cytokeratin 19 has been proposed [4] in the recognition of
papillary carcinoma (strongly positive for cytokeratin 19)
as opposed to benign lesions (which are negative). Since
none of the above markers is 100% sensitive and specific,
it seems that a panel of markers would probably provide
the highest diagnostic accuracy in FNAB cytological
diagnosis [15]. Moreover, some authors have demonstra-
ted the presence of two alternative and non-overlapping
pathogenetic pathways in follicular carcinoma, being the
presence of the PAX8-PPARgamma translocation most
frequently associated to a galectin-3 positive/HBME-1
negative immunophenotype and the presence of RAS
mutations associated to a galectin-3 negative/HBME-1
positive immunophenotype [12]; these data indirectly
indicate that a panel of markers including at least
galectin-3 and HMBE-1 would probably increase the
sensitivity of an immunohistochemical approach up to
nearly 100%. Retrospective and prospective analysis are
currently under investigation by our group to validate this
approach and to select the ideal markers for the purpose
of identifying malignant follicular tumors.

Conclusion

According to the literature data, in surgical pathology,
galectin-3 is more than 95% sensitive and specific in
diagnosing a follicular carcinoma, and represents a very
useful tool especially when the thorough morphological
evaluation of tumor capsule and vessels, or of nuclear
features if a follicular variant papillary carcinoma is the
case, does not present clear-cut signs of malignancy.
Other authors use HBME-1 or cytokeratin 19 for the same
purposes. The combined use of all these markers will
probably improve the diagnostic accuracy, and future
studies are needed to define the immunohistochemical
panel showing the best sensitivity and specificity. In
FNAB cytology, many more variables are encountered
(smears versus cell blocks, type of fixation, cellularity,
etc.). Galectin-3 is sensitive but less specific (at least
when compared with current follicular adenoma diagnos-
tic criteria). As for the surgical specimens, a panel of
markers is probably the best solution in FNAB cytology,
being HBME-1 and cytokeratin 19 the two major candi-
dates to be associated with galectin-3 in the daily
diagnostic practice.
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Abstract Our knowledge about the molecular circuits
regulating the duplication of the genetic material and the
subsequent division of a cell into two daughter cells has
exploded over the last decade. Aberrations in the regu-
lation of the cell cycle belong to the hallmarks of
malignant transformation, leading, in turn, to the devel-
opment of tumours. After introducing the basics of
eukaryotic cell-cycle regulation and describing the four
phases of the cell cycle (namely, G1, S, G2 and M) in
more detail, alterations of key components of the cell-
cycle machinery in human malignancies and their func-
tional consequences are presented. Principally, deregula-
tion of the cell cycle can be caused by unrestricted
activity of cell-cycle promoting factors (many oncogenes
fall into this class) or by inactivation of inhibitory factors
(many tumour suppressor genes belong to this class). Both
types of deregulation have been described in human
tumours and are discussed in detail. Perspectives con-
cerning the translation of this knowledge into daily
routine practice and future applications are discussed at
the end. The molecular mechanisms of actual cell division
(sister chromatid segregation and cytokinesis) are men-
tioned only briefly.

Keywords Cancer cell cycle · Cyclin · Cyclin-dependent
kinases · CDK-inhibitors · Cell-cycle checkpoints ·
Cell-cycle deregulation

Introduction

A closer look at the cell cycle was suggested 10 years ago,
as the importance of defects in the cell-cycle regulatory
machinery accomplishing DNA replication and cell divi-

sion for the development of malignant neoplasia was just
emerging [43]. Until then, deregulation of proliferation-
stimulating signals and the molecules transducing these
signals from the cell surface to the nucleus were primarily
in the spotlight. Since then, our knowledge regarding
mechanisms regulating the onset of DNA replication and
subsequent cell division has exploded in such a way that
comprehensive coverage is no longer possible. Whole
books and conferences are now dedicated to a topic not so
long ago considered to be a somewhat obscure field,
primarily dealing with yeast cells and mutant yeast strains
having defects in cell-cycle regulation [63]. In 2001, the
Nobel prize for physiology and medicine was jointly
awarded to Leland H. Hartwell, R. Timothy Hunt and
Paul M. Nurse for their discoveries of “key regulators of
the cell cycle”, acknowledging the importance of molec-
ular insights into the cell cycle to molecular biology and
medicine in general.

The growth in knowledge during the past 10 years is
best illustrated by the fact that several key molecules now
in the focus of cell-cycle research and also at the heart of
molecular cancer research were not yet discovered
10 years ago. To name just a few very prominent
examples: the p15INK4b and p16INK4a polypeptides and the
corresponding genes were first described in 1993 and
1994, respectively [27, 86]. The p21CIP1 gene was also
identified in 1993 [28, 107], followed by p27KIP1 the next
year [69, 99]. The p57KIP2 gene was cloned in 1995 [47].
The peculiar structure of the p14ARF/p16INK4a locus was
also elucidated during 1995 [54, 70, 96].

The importance of deregulated cell-cycle control in the
development and progression of malignant neoplasia
became so obvious and the examples of affected genes
so numerous that cancer was sometimes called a “cell-
cycle disease” [4]. But the scenario is more complex,
since a transformed cell has to overcome several built-in
control mechanisms, such as apoptosis and immune
surveillance and has to be supported by neo-angiogenesis
[26]. The ability to evade apoptosis is particularly
important, as continuous stimulation of proliferation
usually activates the apoptotic program and eliminates
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these cells from the body [26]. The mechanisms inducing
apoptosis and the pathways regulating cell cycle entry and
progression are closely interconnected via key regulatory
molecules, such as p53, which are involved in regulating
both processes [51, 102].

The cell-cycle regulatory machinery is remarkably
conserved during evolution from yeast to humans. This
allows the substitution of proteins in yeast by their human
counterpart and vice versa in experimental settings.
Nevertheless, there exist important species-specific dif-
ferences in the regulation of the cell-cycle entry and
progression. These differences have to be taken into
account if results from animal models are to be trans-
ferred to human pathology [23].

Overview of the normal cell cycle

“Cell cycle” or “cell division cycle” denotes the orderly
sequence of events by which a cell duplicates its genetic
material (the chromosomes) and divides into two identical
daughter cells. It is divided into four distinct phases: in
the S phase (“synthesis phase”), the genetic material is
duplicated faithfully once and only once, and, in the M
phase (“mitosis phase”), the duplicated chromosomes are
distributed equally to the two daughter cells. The phases
in between were simply named G1 (“gap-1”) and G2
(“gap-2”), G1 preceding the S phase and G2 the M phase.
Far from being just “gaps”, important regulatory mech-
anisms act during G1 and G2. When a cell does not reach
its homeostatic size, does not get the necessary signal for
proliferation and is protected by a specific anti-mitogenic
signal or terminally differentiated, then it withdraws from
the cycle at the early G1-stage into a non-dividing,
quiescent or resting stage termed as G0. Most cells in the
body of adults are maintained in this G0 stage [52, 57].

The transition from one cell-cycle phase to the next is
executed by different classes of cellular proteins (Fig. 1).
Cyclin dependent kinases (CDKs), a family of serine/
threonine protein kinases that are activated in a cell-cycle
stage-specific manner, are the main engines that drive the
cell cycle forward [52, 58, 103]. As indicated by the
name, association with a regulatory subunit, called cyclin,
is an absolute requirement for the kinase activity of the
CDKs [16]. Cyclins form a family of closely related
proteins that appear and disappear during the cell-cycle
phases in a strictly controlled “cyclic” pattern (from
which their name was derived) [89]. In mammals, 16
cyclins and 9 CDKs have been identified thus far, but not
all of them have a proven function in cell-cycle regulation
[33]. Cyclin C, H, K and T, for example, are all
structurally similar to the “bona fide cell-cycle cyclins”
A, B, D and E, but function primarily in the regulation of
basal transcription as components of the RNA polymerase
II holoenzyme [33]. The cyclic appearance and disap-
pearance is mediated by transcriptional activation of the
cyclin genes and ubiquitin-mediated degradation of the
proteins, respectively. In addition to the availability of a
particular cyclin, the activities of the different CDKs are
also regulated by binding of CDK-inhibitors (CKI), as
well as phosphorylation dephosphorylation events [16].
The functional consequences of phosphorylation depend
on the particular residue targeted by the kinase. Phos-
phorylation of the T-loop threonine (T174 in CDK4, T161
in CDK1, T160 in CDK2) by CDK-activating kinase
(CAK) activates the CDKs while dephosphorylation of
these amino acids by the CDK-associated protein phos-
phatase has an inhibitory effect. In contrast, phosphory-
lation of threonine 14/tyrosine 15 residues by WEE1-like
kinases inactivate CDKs while dephosphorylation of
these amino acids by CDC25 activates the CDKs [45, 52].

Fig. 1 Negative and positive
regulators of the normal cell
cycle. Signals promoting and
inhibiting the different phases
of the cell cycle as well as
checkpoints monitoring the
proper completion of every
phase of the cell cycle are
indicated. In the centre of the
cycle, the CDK/cyclin com-
plexes driving the respective
phase are shown. For details,
see the text
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In order to strictly control the proper progression of the
cell cycle, mammalian cells have also developed a
number of regulatory pathways, collectively termed as
“cell-cycle checkpoints” (Fig. 1). Checkpoints control the
order and timing of cell-cycle transition and ensure that
critical events, such as DNA replication and chromosome
segregation, are completed accurately. They serve as a
brake to pause the cycle in case of DNA damage or errors
made in the process [16, 29, 52, 68]. When one cell cycle
event has not been successfully completed, checkpoints
will delay progression until the step is correctly accom-
plished, and only then they will relieve the arrest to allow
the cell to move to the next phase. In addition to arresting
defective cell cycles, checkpoints also mediate repair of
DNA damage [64]. Defects in cell-cycle checkpoint
pathways result in genomic instability and have been
implicated in the transformation of normal cells into
cancer cells [16].

Gap-1 phase

Cells respond to extracellular proliferative stimulation
only during the G1 phase (and also in G0). Therefore, G1
is the most common target of mitogenic (cell-cycle entry
or progression) or anti-proliferative (cell-cycle arrest or
exit) signals. Reacting to signals from the extra- or
intracellular environment, cells decide either to start a
new round of cell division or withdraw from the cell cycle
to become quiescent or terminally differentiated [15, 71].
The final commitment to proceed with the cell cycle is
made near the end of the G1 phase and is termed
the “G1/S transition checkpoint” or “restriction point”
(R-point). This represents a “point of no return” because,
beyond this checkpoint, cells no longer respond to
external signals and proceed with the cycle until com-
pletion [90].

In G0 and early G1, the activity of essentially all
CDKs (the main cell-cycle engines) is suppressed by the
combined action of high CKI activity and low cyclin
levels [90]. In the absence of active CDK, the retinoblas-
toma protein (pRb) stays bound to the E2F, which
activates the transcription of genes important for DNA
replication only when free from the inhibitory pRb protein
[57]. To repeat an already familiar theme: “E2F” is also a
family of closely related proteins.

Upon the appropriate extracellular signal stimulating
proliferation, D-type cyclins start to accumulate, both due
to increased expression as well as reduced proteolysis,
indicating a direct link between extracellular stimuli and
the cell-cycle machinery [57]. Binding of Cyclin D to
CDK4 and CDK6 forms the partially active CDK4/6–
Cyclin D complex that later becomes fully active
through phosphorylation by CAK [103]. The fully active
CDK4/6–Cyclin D holoenzyme phosphorylates pRb and
leads to the release of E2F transcription factors, which
then, in turn, transcribe many genes that encode proteins
required for S-phase entry. Active CDK2/Cyclin E and
CDK4/6–Cyclin D holoenzymes together inactivate pRb

completely and allow the induction of more E2F-respon-
sive genes that are needed to drive cells through the G1/S
transition and to initiate DNA replication [52, 91]. The
increase in E2F transcriptional activity further induces
more CDK2/Cyclin E as a positive feedback loop.
Furthermore, CDK2/Cyclin E facilitates cell-cycle pro-
gression through induction of the degradation of inhibi-
tory factors like Hct1 and p27 [57, 90].

In the absence of the appropriate mitogenic signals as
well as in the presence of anti-proliferative signals (like
transforming growth factor-b) or defective DNA, the
G1/S checkpoint is activated and prevents cell-cycle
progression. The two families of CKI that serve as effec-
tors of the G1 checkpoint are the INK4 family (p15INK4b,
p16INK4a, p18INK4c and p19INK4d) and the CIP/KIP family
(p21CIP1, p27KIP1 and p57KIP2). The INK4 family members
function only at G1 to inhibit CDK4/6, but the CIP/KIP
family serves as CKI in all the four cell-cycle phases [91].

Synthesis phase

S phase is the stage of the cell cycle in which DNA
replication and precise duplication of chromosome oc-
curs. It starts when the proteins required for DNA
replication reach a sufficient level. Most importantly,
during S phase, the cell has to ensure that the chromo-
somes are replicated once and only once and that restart
of DNA replication does not commence before cell
division is finished properly. In order to enable replication
of the entire genome in a reasonable timeframe, replica-
tion in eukaryotes is initiated at multiple (several hun-
dreds to thousands) sites of the chromosomes simulta-
neously [39]. The re-replication of DNA before proper
completion of cell division is prevented by the so-called
“replication licensing system”. This regulatory system
initiates the formation of a pre-replicative complex at
every start point of replication. At first, an “origin
recognition complex” is established, which is subsequent-
ly joined by cdc6/18, cdt1 and the Mcm proteins
(“minichromosome maintenance”). Mcm2–7 function as
helicases that unwind the DNA ahead of each replication
fork. This interaction between Mcm proteins and the
origins of replication is a prerequisite for initiation of
DNA synthesis, and displacement of the Mcm2–7 during
DNA replication prevents re-start of replication [7]. Like
in G1, the licensing process and progression during S
phase is strictly regulated by CDK activities. Loading of
the MCM complex on to chromatin is only allowed when
CDK activity is at very low levels, that is, at the end of the
M and beginning of the G1 phase [39, 60]. Phosphory-
lation of components of the DNA replication machinery
by CDK2/Cyclin A is important for initiation of DNA
replication. Activation of protein kinases is believed to
result in changes in the pre-replication complex (pre-RC)
that lead to binding of Cdc45 to the Mcm complex and
unwinding of the origin of replication [39, 60]. Cyclin A
starts to accumulate during S phase and is abruptly
destroyed via ubiquitin-mediated proteolysis before meta-
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phase [108]. The synthesis of Cyclin A is activated by
E2F, but as a negative feedback loop, E2F activity is
inhibited by CDK2/Cyclin A via phosphorylation of the
E2F heterodimerisation partner DP1 [33]. After complete
duplication of all the chromosomes, the cell cycle enters
the second gap phase.

Gap-2 phase

Cells at G2 contain replicated chromosomes consisting of
two sister chromatids. At this stage of the cell cycle, cells
check if all the genetic material and cellular structures,
such as centrosomes, are properly duplicated before the
actual process of cell division starts. Damage to the DNA
and/or incomplete duplication during the synthesis phase
triggers checkpoint pathways that initiate cell-cycle arrest
in the G2 phase. In case of DNA damage, ATM (ataxia
telangiectasia mutated)- and ATR (“ATM and Rad3-
related”)-dependent signals induce cell-cycle arrest via
inhibition of CDK1 (also called CDC2). In response to
genotoxic stress caused by ultraviolet light or ionising
radiation, the ATR and ATM signalling pathways are
activated, which then leads to activating phosphorylation
of human checkpoint kinases (Chk1 and Chk2) [12, 76].
Chk1 and Chk2 induce inhibitory phosphorylation of the
phosphates CDC25. This phosphorylation event also
creates a binding site for a protein called 14–3-3s,
thereby further inhibiting the function. (The name “14–
3-3” is derived from the numbering of the fractions in
which this protein was originally discovered). This
activity of Chk1 and Chk2 keeps CDK1 in an inactive
state and prevents entry into mitosis [103].

In addition to the already familiar theme of regulation
by phosphorylation/dephosphorylation and synthesis/deg-
radation, the activity of certain molecules is regulated by
their intracellular localisation. A prominent example is
the CDC25C phosphatase, which normally resides in the
nucleus driving the cell cycle forward by dephosphory-
lation of the inactive CDK1/Cyclin B holoenzyme (as
discussed below). Inhibition of CDC25C activity is a key
target and occurs in two ways as described above: by
phosphorylation and by binding to 14–3-3s. Formation of
the CDC25C/14–3-3s complex leads to the export of
CDC25C into the cytoplasm, where it cannot exert its
normal function [1, 20, 95]. Similarly, 14–3-3s also binds
to CDK1/Cyclin B complex and sequesters it in the
cytoplasm to maintain a G2 arrest [64].

In addition to its role in G1 arrest, p21CIP1 also plays an
important role inducing G2 arrest via blocking the
interaction between CDC25C and proliferating cell nu-
clear antigen (PCNA) [1, 38, 95]. 14–3-3s and p21CIP1

are direct target genes of transcriptional activation by p53,
thereby representing molecular links between the “p53
pathway” (see below) and the cell-cycle machinery [45,
95].

Mitotic phase

The M phase, which combines mitosis (segregation of the
cellular components) and cytokinesis (the final division of
the cell into two) is the most dynamic phase of the cell
cycle. Entry into mitosis is induced by increased activity
of CDK1/Cyclin B holoenzyme, also known as MPF
(“mitosis promoting factor”). MPF is regulated through
inactivating phosphorylation by two other kinases named
Myt1 and Wee1. Dephosphorylation of MPF is the rate-
limiting step for entry into mitosis and is achieved by at
least two phosphatases, CDC25B and CDC25C [45].
Activated MPF phosphorylates numerous substrates, in-
cluding motor and microtubule-binding proteins that are
important for chromosome condensation, nuclear envelop
breakdown, spindle assembly and centrosome separation
[59].

Sister chromatid separation and exit from mitosis are
controlled by anaphase-promoting complex (“APC”), a
ubiquitin-protein ligase that targets key proteins for
proteolysis [79]. Sister chromatids are bound together at
the kinetochore by a protein called “cohesin” and sepa-
ration occurs only when “separase” (a protease) cleaves
the cohesin off. For this to happen, separase must first be
liberated from its inhibitor, “securin”, which is destined to
degradation by active APC [59]. Another checkpoint, the
so-called “mitotic checkpoint” or “spindle-assembly
checkpoint”, prevents entry into anaphase (segregation
of sister chromatids) until both kinetochores of every
duplicated chromatid pair have attached correctly to
spindle microtubules [59, 79]. The presence of even a
single unattached kinetochore leads to the activation of
Mad2, which binds transiently to loose unattached kine-
tochores. This binding event activates Mad2 in order to
inhibit APC, thereby preventing the transition from
metaphase to anaphase [59, 79]. Proper bipolar attach-
ment of the kinetochores leads to dephosphorylation and
relocalisation of Mad2, reiterating the theme of “regula-
tion by localisation”. Once the inhibition of APC is
abolished, mitosis can resume and the cell cycle can be
finished [79].

Cell cycle in cancer

Aberrant activation of the cell cycle can be achieved by
induction of positive regulators (often encoded by proto-
oncogenes) or through inactivation of negative regulators
(often encoded by tumour suppressor genes). Induction of
positive regulators is caused by overexpression or muta-
tions leading to permanent protein activity. Inactivation of
repressors is caused by deletion, mutation or promoter
hypermethylation. All mechanisms can be found in
human cancer (Fig. 2).
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Activation of cell-cycle promoters

Overexpression of Cyclin D1 caused by gene amplifica-
tion or aberrant activation of protein synthesis is fre-
quently found in several human tumours. It occurs in
more than 90% of mantle cell lymphoma, 60% of breast
carcinomas, 40% of squamous cell carcinomas of the
head and neck, 40% of colorectal cancers, 20% of
prostate cancers and also frequently in lung cancer [24,
67, 94]. Aberrant activation of the cyclin D1 gene can be
induced by chromosomal rearrangement, such as translo-
cation and inversion, which could bring this gene under
the influence of a strong promoter or enhancer. t(11;14)
(q13;32) and inv(11) (p15;q13), for example, lead to
cyclin D1 activation and are associated with B-cell
lymphomas and parathyroid adenomas, respectively [24,
33]. Although not that common, overexpression of Cyclin
D2 and D3 has also been reported in some tumours [33].
Deregulation of another G1/S cyclin, Cyclin E, has also
been associated with different tumours, and its overex-
pression is demonstrated to be a powerful predictor of
breast cancer outcome [10, 25, 82]. A hyperactive lower
molecular weight isoform of Cyclin E that is capable of
driving the G1/S transition more efficiently and is
overexpressed in breast cancer cells has also been recently
identified [32, 46]. Deregulated expression of Cyclin E
also induces chromosomal instability, thereby contribut-
ing to tumourigenesis [93]. Increased expression of
Cyclin A has also been detected in many types of human
cancers. In hepatocellular carcinoma, for instance, higher
expression of Cyclin A has been found in up to 80% of

cases [108]. Despite the strong association between
overexpression of several cyclins with the development
and progression of tumours, molecular alterations of their
binding partners (the CDKs) have been found, thus far,
only rarely in cancer. Overexpression of CDK4 and
CDK6 as well as constitutively active mutants of these
kinases has been reported in some human tumours [46,
95, 104].

c-Myc is a potent proto-oncogene that encodes a
transcription factor and can promote cell proliferation. It
responds to growth-promoting signals in G1 phase by
activating the transcription of genes that induce cell-cycle
progression, such as cdc25A, cyclin D1, D2, E, A, CDK1,
CDK2, CDK4 and E2F [32, 45, 46, 103]. Elevated c-Myc
expression due to translocation juxtaposing the c-myc
gene with the immunoglobulin gene enhancer results in
B-cell tumours [34]. Overexpression of the c-Myc protein
can also be achieved by gene amplification, an alteration
frequently seen in breast cancer, which could also serve as
a prognostic marker in this malignancy [78].

Overexpression of MDM 2 acts as a positive stimu-
lation of the cell cycle because it antagonises the action of
the cell-cycle “brake” p53 (discussed below). Increased
expression has been reported in haematological and
epithelial malignancies and represents an alternative
mechanism to p53 inactivation [103]. Again, this over-
expression is mainly caused by an increase in gene copy
number.

p73 belongs together with p63 to the family of p53-
related proteins, which all are involved in cell-cycle arrest
and induction of apoptosis (discussed below). Interest-

Fig. 2 Deregulation of the cell cycle in cancer. Upregulation of
cell-cycle activators and downregulation of cell-cycle inhibitors are
both involved in promoting the transformation of a normal cell into
a continuously proliferating cell, which is independent of growth-
promoting signals and resistant to growth-inhibiting signals. When
this transformation is supported by other mechanisms, such as
angiogenesis as well as evasion of apoptosis and immune surveil-

lance, it will create the clonogenic malignant cell. For every
alteration of cell-cycle regulators, only one example of an associ-
ated human malignancy is given. The two-dimensional represen-
tation is clearly simplifying the complex interdependence of all
participating factors. For further details, see the text and references
therein
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ingly, the p73 gene (first identified in 1997) [35] encodes
an N-terminally truncated isoform, called DNp73, which
acts as a p53 and p73 antagonist. Since the expression of
DNp73 is induced by p53 and p73, this creates a peculiar
negative feedback-loop. Overexpression of DNp73 in
neuroblastoma turned out to be a new marker for poor
prognosis, independent of established prognostic factors,
such as tumour stage or N-Myc amplification [56].

The family of CDC25 phosphatases represents another
promoter of cell-cycle progression, mainly acting through
activation of the CDKs. Overexpression of these phos-
phatases, particularly of CDC25B, has been observed in
32% of primary breast cancers [103].

Potentially, tumourigenic DNA viruses encode pro-
teins, which also target activation of the cell cycle via
pRb hyperphosphorylation [13, 15]. Examples are the
adenovirus E1A protein, SV40 T-antigen and HPV
protein E7. Although activation of the E2F family of
transcription factors is the ultimate target in both normal
as well as malignant transformed cells, thus far only
circumstantial evidences for molecular alterations of E2F
genes in human tumours have been described [33].

Inactivation of cell-cycle checkpoints

Similar to the activation of cell-cycle promoters, defects
in cell-cycle checkpoints lead to uncontrolled prolifera-
tion and could result in malignancy (Fig. 2). In general,
two pathways are involved in the negative regulation of
the cell cycle: the “Rb pathway” and “p53 pathway” [77].
The “Rb pathway” includes the pRb protein and the two
families of CKI (the INK4-family and the CIP/KIP-
family). All CKIs inhibit activation of the various CDKs
and prevent phosphorylation of pRb. The rate of G1/S
transition and, therefore, the cell cycle depends on the rate
of pRb phosphorylation by the CDK4/6–Cyclin D and
CDK2/Cyclin E complexes [14, 24]. It is, therefore, not
surprising that approximately 90% of human cancers have
abnormalities in at least one component of the Rb
pathway [24].

Abnormalities in the p16INK4a gene, such as inactivat-
ing mutations and deletions, are the second most frequent
genetic aberration in human cancers next to defects of the
p53 gene. They occur in a wide range of haematological
and epithelial malignancies [14, 45, 87]. The gene
encoding the second member of the INK4 family of
CKI, namely p15INK4b, is located adjacent to the p16INK4a

gene at 9p21 and, therefore, a deletion at this region
sometimes affects both genes [45, 73]. However, genetic
alterations, such as mutations and deletions affecting the
p15INK4b gene alone, are rare. Instead, inactivation of
p15INK4b occurs mainly through an epigenetic abnormal-
ity: promoter hypermethylation has been observed in
many haematological malignancies and occurs in up to
75% of acute myeloid leukaemia cases, representing the
most frequent abnormality in this malignancy [2, 98,
105]. In acute promyelocytic leukaemia, hypermethyla-
tion of the p15INK4b gene has been identified as new

prognostic marker for disease-free survival. Also, the
p16INK4a gene is epigenetically inactivated in several
human tumours [31, 87].

Members of the second CKI family, p21CIP1, p27KIP1

and p57KIP2, share a common N-terminal domain for
binding and inhibition of the different CDKs. Therefore,
unlike the INK4 family, their effect is not limited to G1/S
transition [14]. Downregulation of p27KIP1 protein has
been observed in human tumours, such as breast, prostate,
gastric, lung, skin, colon and ovarian cancers [25, 45], and
is also an important marker for cancer progression and
poor survival in several malignancies [25, 50]. The
p21CIP1 gene is a transcriptional target of the p53 protein,
with a prominent role in G1/S as well as G2/M arrest in
response to DNA damage [45]. Although the critical cell-
cycle regulatory role of p21CIP1 is not yet strongly
supported by a long list of tumour-related abnormalities
(as is the case for, e.g. p16INK4a or cyclin D1), its key role
as a downstream effector of p53 makes it a hot spot of
current investigations. As a CKI and as a target gene of
p53, p21CIP represents also a direct molecular link
between the Rb pathway and the p53 pathway.

Significantly higher survival rate is reported in p53-
negative gastric cancer patients with p21CIP1 expression
than those without p21CIP1 [45]. Similarly, a recent study
indicated significant correlation between downregulation
of p21CIP1 with poor prognosis in human gastric cancer
[85]. Whether hypermethylation of the p21CIP1 gene is a
prognostic marker in certain haematological malignancies
is still under debate [8, 74, 88].

The above-mentioned transcriptional activation of the
p21CIP gene is modulated by p33ING1b, which directly
interacts with the p53 protein. p33ING1b is encoded by one
of several splice-isoforms produced by the ING1 gene,
founding member of the newly discovered “inhibitors of
growth” (ING) family. These genes have been implicated
in restricting cell growth and proliferation, induction of
apoptosis, maintenance of genomic stability and modula-
tion of cell-cycle checkpoints, all classical features of
tumour suppressor genes [61].

The third member of the CIP/KIP family of CKIs,
p57KIP2, is encoded by an imprinted gene that is only
expressed from the maternal allele. Decreased expression
of p57KIP2 has been observed in bladder carcinoma and
gastric cancer [45, 65]. Together with the other genes
located in the imprinted domain at 11p15.5, IGF-2 and
H19, loss of p57KIP2 has also been associated with two
familial cancer syndromes (Beckwith Wiederman syn-
drome and Wilms tumor) [33, 45]. In addition to blocking
CDK activity, p21CIP1 and p57KIP2 inhibit proliferation
through binding and inactivation of PCNA, which is an
auxiliary factor of DNA polymerase [14, 66].

In addition to pRb and its interaction partners, the p53
pathway is of uppermost importance for cell-cycle reg-
ulation. It consists of several regulator and effector
molecules of the “leading actor”, p53. The p53 gene is
mutated in more than 50% of human cancers and is the
most frequent genetic alteration associated with malig-
nancy [77]. Furthermore, inactivation of this pathway can
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occur via defects in upstream or downstream regulators as
seen in several human cancers (Fig. 2). In general,
tumours with intact p53 have a better prognosis and a
better response to therapy as compared with those with
defective p53 [77, 103].

The long-sought-after relatives of p53 are p63 and p73
[109]. Despite striking sequence similarities and con-
served functional domains, these three proteins exert most
probably quite different functions in the cell. The picture
is complicated by the fact that p63 and p73 encode several
splice-isoforms with partially opposing functions (e.g.
DNp73, discussed above). Full-length p73 induces cell-
cycle arrest and apoptosis, as does p53, but has additional
functions in inflammatory response and neurogenesis
[56], whereas p63 seems to be most important for proper
function of epithelial stem cells [100].

p14ARF is one of the upstream regulators of p53,
encoded by a gene that shares two common exons with
p16INK4a but is translated in an alternative reading frame,
creating a completely different protein (therefore the
suffix “ARF”) [70]. As an upstream activator of p53 and
sharing exons with the p16INK4a gene, the p14ARF gene
represents a unique molecular link between the above-
mentioned p53 and Rb pathways [87, 90]. It is, therefore,
at the centre of intense research activities, and many
alterations in human tumours, alone or in concert with
p16INK4a or both p15INK4b and p16INK4a, have already been
described [87].

In addition to its direct activation of genes that drive
the cell cycle forward, the already mentioned c-myc gene
also favours cell-cycle progression indirectly by interfer-
ing with the transcription of negative cell-cycle regulators
such as Gadd45, Gadd153 or CKIs (p15INK4b, p16INK4a,
p21CIP1, and p27KIP1) [45, 46, 103].

ATM a protein kinase central to all DNA maintenance
responses [1]. Defects in this gene result in the disease
ataxia telangiectasia, which is an autosomal recessive
disorder characterised by progressive neurological disor-
ders, immunodeficiency and chromosomal instability with
a higher predisposition to lymphoid malignancies [92].
Mutation of either Chk2 or p53, both of which act
downstream of ATM, results in a genetic disease called Li
Fraumeni syndrome, which dramatically predisposes pa-
tients to cancer development [5]. The protein product of
the breast cancer susceptibility gene BRCA1 is another
substrate of ATM that is involved in cell-cycle checkpoint
control and DNA repair [101]. BRCA1 and its close
relative, BRCA2, are mutated in approximately half of all
familial breast cancer cases [41, 64, 101]. Mutations of
these proteins lead to defects in cell-cycle arrest and DNA
repair. A reduced expression is also described in sporadic
(not inherited) breast cancers [55].

14–3-3s, one of the seven members of the 14–3-3
family [45], is now considered to represent a new class of
CKI. It has been shown to specifically interact with
CDK1, CDK2 and CDK4 and can inhibit CDK activities,
thereby blocking cell cycle progression [44, 45, 46]. In
addition to being a downstream effector of p53, several
lines of evidence suggest that loss of 14–3-3s function

correlates with cell transformation. Its expression levels
are reduced in several transformed cell lines and primary
tumour specimens [44, 45]. Moreover, CpG islands
hypermethylation-induced transcriptional silencing of
the 14–3-3s gene has been reported in breast cancer,
gastric cancer and hepatocellular carcinoma [45].

Unequal segregation of chromosomes

Numeric abnormalities in chromosome (aneuploidy) and
chromosomal rearrangements are frequently observed in
human cancer, and severe karyotypic abnormalities gen-
erally are a sign of poor prognosis [30, 43, 75]. Defects in
pathways essential for mitotic regulation are likely to be
implicated in the cascade of events leading to aneuploidy
and neoplasia.

Overexpression of AIM 1 induces defects in cytoki-
nesis and predisposes one to the development of cancer
[11]. The Aurora family of serine/threonine kinases is
maximally activated in the G2/M phase and comprises
key regulators of the mitotic stage of the cell cycle. They
are known to be important in centrosome functions,
bipolar spindle assembly and chromosomal segregation
[36]. All the three members of the mammalian aurora
kinase family (Aurora-A, -B, and -C) are reported to be
overexpressed in a variety of human cancers. Aurora-A
(also known as STK-15, or BTAK) is, for instance,
overexpressed in breast, bladder, ovarian, colon and
pancreatic cancers and is able to transform cells in culture
[6, 36, 59, 84, 97, 110]. The overexpression of Aurora-A
correlates with invasiveness and genomic instability in
breast cancer and with clinical aggressiveness and aneu-
ploidy in bladder cancer [36]. Centrosome amplification
and aneuploidy are also found in cells with ectopic
expression of Aurora-A [59]. The chromosomal region in
which the Aurora-A gene is located, 20q13.2–13.3, is also
often amplified in colon, breast and stomach cancers [83].

Another protein that is expressed in a cell-cycle-
dependent manner and could play an important role in
chromosomal segregation is survivin. It is a unique
member of the inhibitor of apoptosis family, which, in
addition to the anti-apoptosis role (as the name implies),
also plays a role in the cell cycle. Survivin is specifically
expressed at mitosis and forms complexes with various
components of the mitotic apparatus, such as centro-
somes, microtubules of the metaphase and anaphase
spindles and also with the Aurora B [3]. It has also been
shown that the kinase activity of Aurora B is stimulated
by binding to and phosphorylation of survivin [9].
Dramatic overexpression of survivin has been observed
in a wide variety of human tumours, including lung,
breast, colon, stomach, oesophagus, pancreas, liver, uter-
us, ovaries, as well as lymphomas and leukemias [3].
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Conclusions and perspectives

The progress in cell-cycle research over the last decade
enabled a better understanding of physiological cell-cycle
regulation and deregulation in cancer to an extent which
only a few could imagine 10 years ago. The cell-cycle
field provides a paradigm for the impact of basic research
on the development of new diagnostic tests and innova-
tive therapeutic concepts and reagents.

Translation of basic research into the routine practice
of histopathological diagnosis has already started. Exam-
ples are the demonstration of Cyclin D1 overexpression
for the identification of mantle cell lymphoma [19] and
the detection of p16INK4a in cervical intraepithelial neo-
plasia [42]. Both antigens can now readily be detected
also in formalin-fixed paraffin-embedded biopsies.

Several proteins with well-defined expression patterns
during the cell cycle and well-described molecular
function in the cell-cycle machinery are just emerging
as new markers for the proliferation status of a given
biopsy or even as new prognostic markers. Detection of
Cyclin B1 (expressed as a mitotic cyclin only during the
G2-M transition) or detection of Mcm2, for instance,
seems to be of prognostic significance in squamous cell
carcinoma of the oesophagus [37, 62]. Similarly, detec-
tion of Cyclin E turned out to be the most important
independent predictor of breast cancer outcome, even
superior to established proliferation markers [10, 40].

However, the general proliferation marker Ki-67 is
still the most widely used and most thoroughly evaluated
proliferation marker with proven diagnostic and prognos-
tic power [81]. It labels proliferating cells in all stages of
the cell cycle except G0 [22]. Despite the fact that
determination of the “proliferation fraction” (percentage
of proliferating cells) using this antibody is of uppermost
importance for the classification of tumour specimens and
prognosis shown in numerous studies, the function of the
protein recognised by Ki-67 is not yet well established in
molecular terms [17, 80].

Furthermore, immunohistochemical detection of
PCNA, an auxiliary protein of DNA polymerase impor-
tant for DNA synthesis, has been extensively used for
quantification of proliferation [18, 49], but its usefulness
has been questioned in some studies [81, 106].

As already discussed for some of the cell-cycle
regulatory proteins, the cellular localisation as well as
phosphorylation status determine biological activity.
Therefore, the use of phosphorylation state-specific anti-
bodies will be of great importance in future studies [53].

It should be mentioned that, in the above-cited study of
Cyclin E in breast cancer, the occurrence of a low-
molecular weight isoform detected by Western blotting
was the molecular event with strong predictive power,
stressing again that post-transcriptional modifications not
detected by many conventional immunohistochemical
assays and also not detected by large-scale cDNA micro-
array screens have to be kept in mind.

Every newly discovered component of the cell-cycle
network described above represents a new potential target

for therapeutic intervention in case of deregulation. The
elucidation of the three-dimensional structure of key
components of the cell-cycle regulatory machinery will
guide the development of highly specific inhibitors
modulating the activity of these molecules. Specific
synthetic CDK or proteasome inhibitors represent promis-
ing examples [21, 48, 72]. The detailed molecular
understanding of the pathways regulating cell-cycle entry
and progression will also facilitate the rational design of
combination therapies that will maximise therapeutic
efficiency and minimise unwanted side effects and
development of drug resistance.
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Abstract Cbl proteins play important roles in downreg-
ulation of growth factor receptors by acting as ubiquitin
ligases and multi-adapter proteins. Ligand-induced de-
sensitization of the epidermal growth factor receptor
(EGFR) has been shown to be controlled by Cbl. In the
present study, we examined the expression of Cbl in
gastric carcinomas and studied the correlation of Cbl
expression with clinicopathological characteristics as well
as EGFR expression. Cbl protein was expressed in 67%
(82/122) of gastric carcinomas, and diffuse expression of
Cbl was detected in 29% (35/122) of the cases. The
incidence of cases with diffuse expression of Cbl was
significantly higher in advanced cases (28/70, 40%) than
in early cases (7/52, 14%) (P=0.0010). Diffuse expression
of Cbl was significantly associated with metastasis of
tumor cells in lymph nodes (P=0.0318). Diffuse expres-
sion of EGFR was significantly associated with depth of
invasion (P=0.0057), lymph-node metastasis (P=0.0371)
and tumor stages (P=0.0278). As the grades of Cbl
expression became stronger, the cases with diffuse EGFR
expression increased, the positive correlation being sig-
nificant (P=0.049). All the cases with diffuse expression
of Cbl and EGFR were found to show nodal metastasis
and to be at an advanced stage. Moreover, the prognosis
of the patients with synchronous diffuse expression of Cbl

and EGFR was significantly poorer than that of the
patients negative for Cbl and focal or negative for EGFR
(P=0.0086). The expression of Cbl protein was clearly
induced in gastric carcinoma cell lines by transforming
growth factor-a treatment. These results suggest that Cbl
in connection with the EGFR system may be associated
with stomach carcinogenesis, invasion and metastasis.
Cbl may serve as a novel molecular marker for aggressive
gastric carcinoma.

Keywords Epidermal growth factor receptor · Cbl
proteins · Gastric carcinomas

Introduction

One of the most important characteristics of a cancer cell
is the ability to express multiple growth factors and their
receptors, which confer growth autonomy by autocrine
mechanisms and contribute to tumor progression, inva-
sion and metastasis. We have previously reported that
many gastric carcinomas co-express transforming growth
factor (TGF)a and epidermal growth factor (EGF) recep-
tor and that synchronous expression of EGF/TGFa and
EGF receptor (EGFR) is tightly associated with biological
malignancy and poor prognosis [29, 30]. EGF/TGFa
produced by tumor cells acts as a positive autocrine
growth factor for gastric carcinoma [33]. The additional
members of the EGF family, such as cripto and am-
phiregulin, are also expressed in gastric carcinoma [11,
12].

It is well known that, upon ligand binding, a ligand–
receptor complex transduces growth-stimulatory signal
through its tyrosine kinase activity and undergoes inter-
nalization and downregulation. It has been recently shown
that Cbl proteins play important roles in downregulation
of growth factor receptors by acting as ubiquitin ligases
and multi-adapter proteins [26]. Cbl-mediated ubiquiti-
nation of active receptors is essential for receptor degra-
dation and cessation of receptor-induced signal transduc-
tion [3, 8, 14, 26, 28]. The tyrosine kinase-binding
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module and ring-finger domain of Cbl is able to recruit
ubiquitin-conjugation enzymes in the complex with acti-
vated receptors [9, 31]. Cbl also recruits the Cbl-inter-
acting protein, 85-kDa (CIN85)-endophilin [4, 19, 20,
21], in complexes with activated receptors, thus control-
ling receptor endocytosis [8, 14, 18, 22]. Since ligand-
induced desensitization of EGFR is controlled by Cbl,
EGFR/CIN85-endophilin complex has shed new light on
the mechanisms involved in the signal transduction and
degradation of EGFR [3, 22, 23].

However, no study has been conducted to elucidate the
role of Cbl and its association with EGFR in gastric
carcinomas. In the present study, we examined the
expression of Cbl in gastric carcinomas using immuno-
histochemistry and analyzed the correlation of Cbl ex-
pression with clinicopathological characteristics, such as
tumor stage, tumor invasion, nodal metastasis, patient’s
prognosis and EGFR expression. We also studied the
effect of TGFa on the expression of Cbl in gastric
carcinoma cell lines.

Materials and methods

Tissue samples

A total of 122 gastric adenocarcinoma cases were used. The tumor
tissues and corresponding non-neoplastic gastric mucosa were
obtained from surgeries at Hiroshima University Hospital and its
affiliated hospitals. For immunohistochemistry, tissues were fixed
in 10% buffered-formalin and embedded in paraffin.

We classified the gastric carcinomas according to the criteria of
the Japanese Classification of Gastric Cancer [7]. Histological type
was classified as follows: well-differentiated type, wel (papillary
adenocarcinoma and well-differentiated tubular adenocarcinoma),
moderately differentiated type, mod (moderately differentiated
tubular adenocarcinoma) and poorly differentiated type, por (solid-
and non-solid-type poorly differentiated adenocarcinoma, signet-
ring-cell carcinoma and mucinous adenocarcinoma). Depth of
carcinoma invasion was classified as follows: t1, mucosa and
submucosa; t2, muscularis propria and subserosa; t3, serosa-
exposed (se); t4, serosa-infiltrating (si). The cases with t1 were
defined as early cancer, and the cases with t2–t4 were defined as
advanced cancer.

Cell line

Two human gastric carcinoma cell lines were used. TMK-1 was
established from a poorly differentiated adenocarcinoma in our
laboratory [15], and MKN-74, a well-differentiated adenocarcino-
ma, was kindly provided by Dr. T. Suzuki (Fukushima Medical
University, Fukushima, Japan). These cell lines were routinely
maintained in RPMI 1640 (Nissui Pharmaceutical Co. Ltd., Tokyo,
Japan) containing 10% fetal bovine serum (Whittaker M. A.
Bioproducts Inc., Walkersville, MD, USA) under conditions of 5%
CO2 in air at 37�C. EGFR is expressed at a high level in TMK-1
and a low level in MKN-74 [32]. EGF is produced by TMK-1, but
not by MKN-74, while TGFa is produced by both cell lines at
similar levels [32].

Immunohistochemistry

Consecutive 4-mm tissue sections were prepared from paraffin
blocks and immunostained for Cbl. Each section was mounted on a
silane-coated glass slide, deparaffinized and soaked for 15 min at

room temperature in 3% H2O2/methanol to block endogenous
peroxidase. Anti-Cbl polyclonal antibody (C-15, Santa Cruz
Biotechnology, USA) at a 1:100 dilution was used as primary
antibody and was applied for overnight at 4�C. The primary
antibody was visualized using the Histofine Simple Stain MAX-PO
(MULTI) kit (Nichirei, Tokyo, Japan) according to the instruction
manual. The slide was counterstained with hematoxylin. Negative
control staining was made using non-specific IgG in the primary
reaction. The stained slides were observed without clinicopatho-
logical information. Reproducibility of staining was confirmed by
repeating immunostaining using the same method in plural number
of specimens randomly selected. To decide on the definition for Cbl
expression, we counted the number of positive cells among tumor
cells in the representative ten microscopic fields and calculated the
percentage of positive cells. The definition of staining was as
follows: diffuse, over 40% of tumor cells showed immunoreactiv-
ity; focal, 5–40% of tumor cells showed immunoreactivity;
negative, less than 5% of tumor cells showed immunoreactivity
or no tumor cells showed immunoreactivity.

For EGFR immunostaining, anti-EGFR monoclonal antibody
(NCL-EGFR, Novocastra Laboratories Ltd., UK) at a 1:200
dilution was used. Definition of staining grade was as follows:
diffuse, over 25% of tumor cells showed immunoreactivity; focal or
negative, less than 25% of tumor cells showed immunoreactivity or
no staining, as described previously [29].

Treatment of TGFa

Gastric carcinoma cell lines TMK-1 and MKN-74 were grown to
subconfluence in the regular medium. After 24 h serum starvation,
the cells were treated with 1nM TGFa (R&D Systemd, Ltd., USA)
for 1, 3, 6, 12 and 24 h.

Western-blot analysis

Whole cell lysates were prepared from the gastric cell lines, and
Western blotting was performed as described previously [17].
Protein concentrations were determined by Bradford protein assay
(Bio-Rad, Richmond, CA) with bovine serum albumin used as the
standard. The lysates (20 mg) were solubilized in Laemmli’s sample
buffer by boiling and then subjected to 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, followed by electro-
transfer onto a nitrocellulose filter. Peroxidase conjugated anti-
rabbit IgG was used in the secondary reaction. The immune
complex was visualized with an enterochromaffin-like Western-
blot detection system (Amersham Pharmacia Biotech). The quality
and amount of protein samples applied on the gel were confirmed
by detection with anti-alpha-tubulin antibody.

Statistical analysis

Statistical analyses were performed with non-parametric test
(Spearman rank correlation test) and P values were shown. P
values less than 0.05 were regarded as statistically significant. If the
P value was less than 0.05, it meant that each parameter had a
significant correlation with the level of Cbl expression.

Results

Immunohistochemical detection of Cbl protein
in gastric carcinoma tissues and non-neoplastic mucosa

We immunohistochemically examined the expression and
localization of Cbl protein in 122 cases of gastric
carcinoma and non-neoplastic mucosa. Representative
stainings of Cbl are shown in Fig. 1, and the results are
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summarized in Table 1. Cbl protein was expressed in 67%
(82/122) of gastric carcinomas at various levels (Fig. 1a, b
and Table 1), and diffuse expression of Cbl was detected
in 29% (35/122) of the cases. Cbl protein was localized in
both cell membrane and cytoplasm. In normal gastric
mucosa, Cbl was not detected in epithelial cells, including
foveolar epithelia and fundic and pyloric glandular cells
(Fig. 1c). Weak expression of Cbl was detected in
intestinal metaplasia (Fig. 1d).

Correlation between Cbl expression
and clinicopathological characteristics
of gastric carcinoma

We then analyzed the relationship between the expression
of Cbl protein and clinicopathological parameters of
gastric carcinoma. As shown in Table 1, the incidence of
cases with diffuse expression of Cbl was significantly
higher in advanced cases (28/70, 40%) than in early cases
(7/52, 14%) (P=0.0010). Diffuse expression of Cbl was
significantly associated with metastasis of tumor cells in

lymph nodes (P=0.0318). The incidence of diffuse ex-
pression of Cbl tended to be higher in carcinomas of stage
III and stage IV than those of stage I and stage II
(P=0.0688).

Correlation between EGFR expression
and clinicopathological characteristics
of gastric carcinoma

We also analyzed the relationship between the expression
of EGFR protein and clinicopathological parameters of
gastric carcinoma. As shown in Table 2, diffuse expres-
sion of EGFR was significantly associated with depth of
invasion (P=0.0057), lymph-node metastasis (P=0.0371)
and tumor stages (P=0.0278).

Relationship between Cbl and EGFR

We next examined the relationship between Cbl and
EGFR expression in gastric carcinomas. Representative

Fig. 1 Expression of Cbl protein in gastric carcinoma tissues and
non-neoplastic mucosa. Cbl immunohistochemical staining: a well-
differentiated tubular adenocarcinoma; b solid-type poorly differ-
entiated adenocarcinoma; c normal foveolar epithelium; d intestinal
metaplasia. The Cbl expression was found at various levels in

gastric carcinoma tissues, (a diffuse; b focal). In non-neoplastic
mucosa, the expression of Cbl was not recognized in normal
foveolar epithelia, while intestinal metaplasia revealed weak
expression of Cbl
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stainings of Cbl and EGFR are shown in Fig. 2, and the
results are summarized in Table 3. As the grades of Cbl
immunoreactivity became stronger, the cases with strong
EGFR immunoreactivity increased, the positive correla-
tion being significant (P=0.049). Synchronous expression
of Cbl and EGFR was observed in many cases. Most cases
with diffuse expression of Cbl and EGFR were found in
advanced cases (Fig. 2A, B; Table 4), while both were
negative in superficial gastric carcinomas (Fig. 2C, D).
Among 16 cases with simultaneous diffuse expression of

Cbl and EGFR, 87% (14/16) of cases were in stage III and
stage IV with deep invasion and nodal metastasis (Ta-
ble 4). Moreover, the prognosis of the patients with
synchronous diffuse expression of Cbl and EGFR was

Table 2 Expression of epithelial growth factor receptor (EGFR) in
gastric carcinomas and its correlation with clinicopathological
parameters. Grades of EGFR expression were classified as “dif-
fuse”, “focal or negative” as described in Materials and methods.
Histological type was classified as “wel,” “mod” and “por” as
described in Materials and methods. Correlation was analyzed by
non-parametric test and P values were shown. P values less than
0.05 were regarded as statistically significant

Case
no.

EGFR expression P value

Diffuse Focal or
negative

Positive cell ratio (>25%) (<25%)
Gastric carcinomas 82 31 (38%) 51 (62%)
Histology

Wel 17 8 (47%) 9 (53%) P=0.8846
Mod 27 11 (41%) 16 (59%)
Por 30 12 (40%) 18 (60%)

Depth of invasion*
Early (t1) 18 6 (33%) 12 (67%) P=0.0057
Advanced (t2–t4) 56 25 (45%) 31 (55%)

Lymph-node metastasis*
n0 29 9 (31%) 20 (69%) P=0.0371
n1 18 9 (50%) 9 (50%)
n2 17 8 (47%) 9 (53%)
n3 10 5 (50%) 5 (50%)

Stage*
I and II 35 10 (29%) 25 (71%) P=0.0278
III and IV 39 21 (54%) 18 (46%)

*According to the criteria of the Japanese Classification of Gastric
Cancer

Table 1 Expression of Cbl in
gastric carcinomas and its cor-
relation with clinicopathologi-
cal parameters. Grades of Cbl
expression were classified as
“diffuse,” “focal” and “nega-
tive” as described in Materials
and methods. Histological type
was classified as “wel,” “mod”
and “por” as described in Ma-
terials and methods. Correlation
was analyzed by non-parametric
test and P values were shown; P
values less than 0.05 were re-
garded as statistically signifi-
cant

Case no. Cbl expression P value

Diffuse Focal Negative

Positive cell ratio (>40%) (5–40%) (<5%)
Gastric carcinomas 122 35 (29%) 47 (38%) 40 (33%)
Histology

Wel 36 9 (25%) 16(44%) 11 (31%) P=0.8609
Mod 45 15 (33%) 16 (36%) 14 (31%)
Por 41 11 (26%) 15 (37%) 15 (37%)

Depth of invasion*
Early (t1) 52 7 (14%) 20 (38%) 25 (48%) P=0.0010
Advanced (t2–t4) 70 28 (40%) 27 (39%) 15 (21%)

Lymph-node metastasis*
no 59 9 (16%) 25 (42%) 25 (42%) P=0.0318
n1 29 10 (34%) 10 (34%) 9 (32%)
n2 22 11 (50%) 8 (36%) 3 (14%)
n3 12 5 (42%) 5 (42%) 2 (16%)

Stage*
I and II 80 18(23%) 32 (40%) 30 (37%) P=0.0688
III and IV 42 17(40%) 16(38%) 9 (22%)

*According to the criteria of the Japanese Classification of Gastric Cancer

Table 3 Correlation of between Cbl and epithelial growth factor
receptor (EGFR) in gastric carcinomas. Grades of EGFR expression
were classified as “diffuse” and “focal or negative,” as described in
Materials and methods. Grades of Cbl expression were classified as
“diffuse”, “focal” and “negative”, as described in Materials and
methods. Correlation was analyzed by non-parametric test and P
values were shown. P values less than 0.05 were regarded as
statistically significant

Case
no.

EGFR expression P value

Diffuse Focal or
negative

Cbl expression
Diffuse 26 16 (62%) 10 (38%) P=0.0049
Focal 29 10 (34%) 19 (66%)
Negative 27 5 (19%) 22 (81%)

Table 4 Clinicopathological character of the 16 cases with simul-
taneously diffuse expression of Cbl and epithelial growth factor
receptor

Histology* Wel 3 (19%)
Mod 6 (38%)
Por 7 (43%)

Depth of invasion* t1 1 (6%)
t2 5 (31%)
t3–t4 10 (62%)

Lymph node metastasis* n0 0 (0%)
n1 3 (19%)
n2 5 (31%)
n3 8 (50%)

Stage* I 0 (0%)
II 2 (13%)
III–IV 14 (87%)

*According to the criteria of the Japanese Classification of Gastric
Cancer
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significantly poorer than that of the patients negative for
Cbl and focal or negative for EGFR (P=0.0086) (Fig. 3).

In order to determine the influence of Cbl expression
on survival, we made a multivariate survival analysis,

including clinicopathological parameters (Table 5). The
factor that gave the strongest influence was not Cbl
expression but tumor stage.

Effect of TGFa on the expression of Cbl
in gastric cancer cells

Finally, we examined whether the treatment of TGFa
induces Cbl expression in gastric carcinoma cell lines
TMK-1 and MKN-74 using Western-blot analysis. In both
cell lines, expression of Cbl protein was clearly induced
by TGFa treatment (Fig. 4). Cbl protein expression was

Fig. 2 Relationship of the expression of Cbl and epidermal growth
factor receptor (EGFR). An advanced gastric carcinoma (A, B). An
early gastric carcinoma (C, D). Cbl immunostaining (A, C). EGFR

immunostaining (B, D). Synchronous expression of Cbl and EGFR
was detected in advanced gastric carcinoma, while neither Cbl nor
EGFR was found in early gastric carcinoma

Fig. 3 Comparison of survival rates in patients between Cbl/
epidermal growth factor receptor (EGFR)-diffuse cases and Cbl-
negative/EGFR-focal or negative cases. The prognosis of the
patients with synchronous diffuse expression of Cbl and strong
expression of EGFR was significantly poorer than that of the
patients negative for Cbl and weak and negative for EGFR

Table 5 Multivariate analysis of factors related to prognosis. NS
not significant

Factors* P value Odds ratio (95% confidence
interval)

Histology NS
Depth of invasion NS
Lymph node metastasis 0.0253 3.48 (1.17–4.64)
Stage 0.0062 7.49 (1.79–11.44)
Cbl expression 0.0962 1.01 (0.34–1.21)

*According to the criteria of the Japanese Classification of Gastric
Cancer
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induced at 1 h and preserved for 24 h in TMK-1, while it
was induced at 3 h and diminished after 6 h in MKN-74.

Discussion

In the present study, we examined the expression of Cbl
in human gastric carcinoma and compared it with
clinicopathological parameters and EGFR expression.
The expression of Cbl protein was detected in 67% of
gastric carcinomas, which was correlated with depth of
tumor invasion and nodal metastasis; whereas, Cbl was
negative in normal gastric mucosa. The expression of Cbl
was significantly associated with the expression of EGFR,
and the patients with synchronous expression of Cbl and
EGFR showed poor prognosis. However, multivariate
survival analysis indicated the strongest influence was not
Cbl expression but tumor stage. Therefore, we cannot
completely deny a possibility that Cbl expression may be
an epiphenomenon during tumor progression. We should
certify the biological role of Cbl in stomach carcinogen-
esis by analyzing more cases and also using a model
system.

Binding of growth factors to their receptors promotes
receptor dimerization and subsequent activation [13],
which enhances autophosphorylation of receptors, phos-
phorylation of numerous cellular proteins and recruitment
of adapter molecules, which initiate signaling cascades
[27]. Subsequently, receptors and associated complexes
are transferred into multivesicular bodies with character-
istic inner vesicles and membrane sorting and are either
recycled back to the plasma membrane or directed to
lysosomes for destruction [5, 28]. The mechanisms
underlying EGFR trafficking are probably the best un-
derstood among all growth factor receptors. Ligand-
enhanced endocytosis of EGFR requires intrinsic tyrosine
kinase activity and endocytic sequence motifs (located in
the cytoplasmic domain of the receptor) and also depends
on numerous signals in the endosomes that can direct
receptors for lysosomal degradation [28]. Polyubiquitina-
tion of EGFR mediated by Cbl has been recognized as a
critical determinant in controlling EGFR endocytosis.

We have previously demonstrated that no EGF and
few EGFR are found in early gastric carcinomas, whereas
they are frequently expressed in advanced gastric carci-
nomas [30]. Similar to the previous data on the expression
of EGFR, Cbl expression was detected more frequently in
advanced cancer than in early cancer, and there was
significant correlation with depth of invasion and nodal
metastasis. Synchronous expression of Cbl and EGFR
may correspond to the existence of numerous complexes
of EGFR and ligands on the cell membrane of gastric
carcinoma cells resulting from an activated EGFR system.
In these conditions, an endocytic reaction with Cbl might
promote turnover of EGFR. Of 122 cases examined, only
7 cases showed diffuse expression of EGFR and were
negative for Cbl. While all of the 7 cases were at an
advanced stage and 5 of 7 cases were scirrhous type, all
the patients survived for more than 5 years, and the
prognosis was clearly better than the cases with Cbl/
EGFR co-expression.

We have previously confirmed that EGF and TGFa,
produced by a gastric carcinoma cell line, TMK-1, act as
autocrine growth factors [33]. We have shown that EGF
treatment induced not only cell growth, but also the
expression of oncogenes and cytokines [6]. In the present
study, expression of Cbl was induced after 1 h of TGFa
treatment in TMK-1. Because we did not block produc-
tion of EGF and TGFa by TMK-1, it is possible that there
might be EGFR/ligand complexes on the cell membrane
before treatment of exogenous TGFa. Rapid elevation of
Cbl protein may reflect increased turnover of EGFR,
which occurred before the exogenous ligand treatment.
However, Cbl induction by TGFa in MKN-74 occurred
slowly and at a lower magnitude than TMK-1. This may
be explained by a lower level of EGFR in MKN-74 than
in TMK-1.

One of the important aspects of human carcinogenesis
is the activation of tyrosine phosphorylation of cellular
proteins. Activation of c-Src kinase was found frequently
in carcinoma of the breast, colorectum and stomach [2,
16, 24]. In various tumor tissues, Cbl was tyrosine
phosphorylated in a tumor-specific manner [10], suggest-
ing that Cbl signaling may play an important role in
tumorigenesis of various human cancers. It was reported
that deregulated tyrosine phosphorylation of Cbl pro-
motes leukemogenesis and that this can be achieved by
mutation of Cbl or by an activated form of the tyrosine
kinase abl [1]. An oncogenic form of Cbl was identified in
the 70Z/3 pre-B-cell lymphoma, which has a deletion of
17 amino acids at the N-terminus of the ring-finger
domain [1]. This oncogenic form of Cbl exhibits an
enhanced level of tyrosine phosphorylation compared
with wild-type Cbl. Differences exist between the rapid
stimulatory signal induced by EGF and the prolonged
signaling mediated by constitutively active oncogenic Cbl
[25]. In the present study, the expression of Cbl was
closely associated with tumor progression as well as
EGFR expression. Therefore, it is possible that Cbl
expression in gastric carcinoma may be an oncogenic
form of Cbl with 17 amino acid deletions. However,

Fig. 4 Induction of Cbl protein in gastric cancer cells by trans-
forming growth factor (TGF)a treatment. Western-blot analysis of
Cbl protein expression in gastric carcinoma cell lines TMK-1 and
MKN-74, treated with TGFa. The expression of Cbl protein was
induced by TGFa treatment in both cell lines
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because the anti-Cbl antibody used here recognizes the C-
terminal portion of Cbl, the antibody reacts with both the
wild-type and oncogenic form of Cbl. Moreover, faint
differences in molecular weight made it impossible to
discriminate oncogenic form from wild type using West-
ern-blot analysis. If the Cbl was oncogenic form, we may
be able to restrain the function of EGF receptor system
indirectly and put off the carcinoma progression by using
obstructive antibody for oncogenic form Cbl. Thus, the
inhibitor of oncogenic form Cbl should be a very useful
for therapy of the carcinomas that express EGFR system
genes at a high level. We should, in the near future,
determine whether the Cbl in gastric carcinoma is an
oncogenic form.

Nevertheless, our results suggest that Cbl in connec-
tion with EGFR system may be associated with stomach
carcinogenesis, invasion and metastasis. Cbl may serve as
a novel molecular marker for aggressive gastric carcino-
ma.
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Abstract P63 is a recently discovered gene harbouring
different isoforms by alternate splicing. The two main
isoforms, TAp63 and DNp63, have opposite functions,
being responsible for cell-cycle arrest and cell prolifer-
ation, respectively. In addition, new isoforms have been
described with the same sequence as TAp63 and DNp63,
but lacking exon 4 (D4Tap63 and DNp73L). P63 as
detected using immunohistochemistry is present in squa-
mous cell carcinomas. To better define the role of p63 in
squamous cell carcinomas of the oral cavity (OSCC), 39
patients were investigated using immunohistochemical
analysis with a monoclonal antibody recognising all p63
isoforms and an anti-Ki67 antibody. Reverse-transcription
polymerase chain reaction (PCR) and nested PCR were
also performed using isoform-specific primers to evaluate
the p63 mRNA expression pattern. Using immunohisto-
chemistry, p63 was always present in OSCC, and its
distribution was similar to that of Ki67. The percentage of
positive cells increased from normal to neoplastic muco-

sa, but there was no relationship between the number of
p63 positive cells and prognosis. P63 mRNA was found in
all patients. The truncated isoforms D4TAp63 and
DNp73L were more frequently expressed in patients
presenting with metastases. DNp73L was found in 66.6%
of tumours with lymph-node metastases, but in only
33.3% of those devoid of lymph-node metastases at
presentation. An impaired expression of the p63 isoforms
might favour cell proliferation and indirectly enhance the
metastasising capacity of OSCC.

Keywords Squamous cell carcinoma · Oral cavity · p63 ·
Prognosis

Introduction

A recently discovered gene, p63, mapped on chromosome
3q27–29 [2, 11, 13, 19] and a member of the p53 gene
family [11, 12], is frequently expressed in carcinomas in
different sites [4, 5, 7, 8, 10, 15, 16, 17]. The TP63 gene
generates protein isoforms based on alternate splicing [6,
7, 8, 13, 14, 18]. The TA p63/p51 group (comprising the
a, b and g isoforms) is the full-length protein and shows
p53-like activities, such as inducing cell-cycle arrest and
apoptosis. The second group (DN p63 in the a, b and g
isoforms) lacks the NH2 terminal domain and acts as a
dominant negative agent, inhibiting the transactivation
activity of both TA p63/p51 and p53. As a result, the TA
p63/p51 protein favours cell differentiation, while DN p63
favours cell proliferation. In addition, Senoo et al. [13]
described a new isoform, DNp73L, corresponding to DN
p63, but lacking exon 4. To date, the DNp73L variant has
been found only in squamous cell carcinomas.

A further isoform, named D4TAp63, emerged from a
preliminary study in our laboratory (Gaiba et al., unpub-
lished observations). TA p63/p51 expression analysis,
performed in squamous cell carcinomas of the oral cavity
(OSCC), non-neoplastic oral mucosa and cultured ker-
atinocytes, showed two bands: one corresponding to the
TA isoform and a 250-bp shorter band. The amplification
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products were sequenced and showed an mRNA that
could be translated into a protein, since there is no
evidence of frame shift in the sequence. This second
variant has the same sequence as TA p63/p51, but lacks
exon 4 and was named D4TAp63.

A correct function of the p63 gene is important to
maintain cell regeneration and differentiation in squa-
mous epithelia and their derivatives. It has been postu-
lated that impaired p63 expression might influence
neoplastic cell transformation [5, 7, 9, 15].

P63 expression has been demonstrated in squamous
cell carcinomas arising in different organs, like the oral
cavity, larynx, lung and uterine cervix, and in transitional
cell carcinoma of the urinary bladder. p63, as detected
using immunohistochemistry, is always expressed in
OSCC, but no relationship with prognosis has been
demonstrated [3]. This is probably due to the fact that the
antibodies commercially available for immunohistochem-
ical detection of p63 do not distinguish all the different
p63 isoforms. In order to better define the possible role of
the p63 isoforms in squamous cell carcinomas, 39 cases
of OSCC were studied using immunohistochemical anal-
ysis with a monoclonal antibody that recognises all p63
isoforms and an anti-Ki67 antibody, recognising prolif-
erating cells, and using reverse-transcription polymerase
chain reaction (PCR) and nested PCR using isoform-
specific primers to evaluate the p63 mRNA expression
pattern.

Materials and methods

Patients

Cases of primary OSSC (n=39) were obtained from the files of the
Department of Pathology at Bellaria Hospital, University of
Bologna. No previous radio- or chemotherapy had been adminis-
tered. All the cases had been received fresh, and a sample of
neoplastic tissue had been snap frozen in liquid nitrogen and stored
at �80�C for molecular studies. Tissue sampling and histological
diagnosis were performed according to the guidelines recently
published [1]. Haematoxylin–eosin stained sections were reviewed
from all the cases to select blocks containing representative areas of
invasive carcinoma and, when present, in situ carcinoma. In
addition, non-neoplastic mucosa adjacent to the tumour was
examined. Clinical charts were reviewed to collect information
on the clinical history and follow-up of the patients.

Immunohistochemistry

Immunostaining was performed on 3-mm thick sections, serially cut
from the selected blocks. The following antibodies were employed:
monoclonal anti-p63 (NeoMarkers, Freemont CA94539, USA,
clone 4A4, diluted 1:200) and monoclonal anti-Ki67 (Dako,
Denmark, clone MIB-1, diluted 1:200). Sections were deparaf-
finised and rehydrated, and endogenous peroxidase was blocked in
1% H2O2 in methanol. Only sections for Ki67 analysis were
submitted to 6 min treatment at high pressure in citrate buffer; then
slides were cooled at room temperature. All antibodies were
applied at room temperature for 1 h. The processing was performed
in an automatic stainer (Autostainer, Dako, Carpintera, CA, USA)
using biotinylated coat and anti-polyvalent and streptavidin perox-
idase antibodies (LabVision Corporation, Fremont, CA, USA).

Dako Liquid DAB–substrate–Chromogen system (Dako, Carpin-
tera, CA, USA) was used to detect the peroxidase activity.

Counting the percentage of positive nuclei in 200 consecutive
cells of selected areas representative of the lesion gave a semi-
quantitative evaluation of the immunohistochemical results.

RNA extraction and RT-PCR

For each sample, 20 mg of still frozen tissue was put in RNA
stabilisation reagent (RNAlater, QIAGEN, Hilden, Germany) and
then treated according to the RNeasy Mini Kit protocol (QIAGEN,
Hilden, Germany). cDNA synthesis was carried out using 3 ml of
total RNA. Retrotranscription was performed at 37�C for 1 h in a
total volume of 25 ml in the presence of random examiners (Roche,
Manheim, Gemany), 0.5 mM dNTPs (Sigma-Aldrich S.r.l., Italy),
1� buffer, 200 U M-MLV (Promega, Madison, USA) and 40 U
RNAguard (Amersham Pharmacia Biotech Inc, USA).

Nested PCR

The first PCR was performed using the following primers:
TP63ex30 (sense 50 TGCCCAGACTCAATTTAGTG 30) and
TP63ex2 (sense 50 GTCCCAGAGCACACAGACAA 30) to identify
the DNp73L and TAp63 isoforms, respectively, and TP63ex10
(antisense 50 TGAGGAAGGTACTGCATGAG 30) and a second
antisense called TP63 ex5L (50 GGATAACAGCTCCCTGAGGA
30). Next, 200 mm dNTP (Sigma-Aldrich S.r.l., Italy), 1� buffer,
2 mM MgCl2, 0.2 mm each primer, 1 U FastStart Taq Polymerase
(Roche, Manheim, Gemany) and 2 ml of cDNA were put in a total
reaction volume of 50 ml. After a first denaturation step at 95�C for
4 min, the reaction continued for 30 cycles of 95�C for 30 s, 57�C
for 30 s and 72�C for 40 s. The final extension was 72�C for 7 min.
The second PCR was carried out changing only the antisense
primer; the new primers were called TP63ex6 (50 ACTGGGCATG-
GCTGTTCC 30) and TP ex5S (50 TTGCAATTTGGCAGTA-
GAGTT 30). The reaction contained 200 mm dNTP (Sigma-Aldrich
S.r.l., Italy), 1� buffer, 2 mM MgCl2, 0.2 mm each primer, 1 U
FastStart Taq Polymerase (Roche, Manheim, Gemany) and 2 ml of
the first PCR amplified. The PCR products were run in a 2.2%
agarose gel. Some randomly chosen bands were cut off the gel and
purified for sequence analysis to prove the authenticity of the
resulting band pattern. The PCR for glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) analysis was performed using the
following primers: GAPDHf (50CAATGACCCCTTCATTGACC
30) and GAPDHr (50TTGATTTTGGAGGGATCTCG 30). Then,
200 mm dNTP (Sigma-Aldrich S.r.l., Italy), 1� buffer, 2 mM
MgCl2, 0.2 mm each primer, 1 U FastStart Taq Polymerase (Roche,
Manheim, Gemany) and 2 ml of cDNA were put in a total reaction
volume of 50 ml. After a first denaturation step at 95�C for 4 min,
the reaction continued for 30 cycles of 95�C for 30 s, 57�C for 30 s
and 72�C for 40 s. The final extension was 72�C for 7 min.

Band purification and sequence analysis

The bands visualised in the agarose gel were cut off and treat-
ed following the protocol of the MinElute Gel Extraction kit
(QIAGEN, Hilden, Germany). Preparations of the DNA sequencing
reactions were performed in agreement with the CEQ2000 Dye
Terminator Cycle Sequencing with Quick Start Kit (Beckman
Coulter, Fullerton, CA, USA). After purification with the DyeEx
2.0 spins Kit (QIAGEN, Hilden, Germany), the products were
loaded on the CEQ2000 (Beckman Coulter, Fullerton, CA, USA).

Statistical analysis

Chi-square and Fisher’s exact test were used for evaluation of
statistical significance. Spearman correlation coefficient was used
for evaluation of co-graduation between analytical methods.
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Results

Results and clinical data are summarised in Table 1.

Histology

All cases were invasive squamous cell carcinoma. All
cases were composed of neoplastic nests surrounded by
two types of cells. The peripheral part of the nests was
mainly composed of oval cells, with scanty basophilic
cytoplasm, ovoid and atypical central nucleus, showing
frequent mitotic activity. These were identified as “bas-
aloid cells” (BC).

Polygonal cells with eosinophilic cytoplasm and cen-
tral hyperchromatic nucleus characterised the second cell

type. The latter were located at the centre of the
neoplastic nests, forming the squamous pearls (Fig. 1A).
BC composed less than 30% of the neoplastic population
in well-differentiated carcinomas, 30–60% in the moder-
ately differentiated and more than 60% in the poorly
differentiated cases. Lymph-node metastases were present
in 24 cases at the time of diagnosis. In situ squamous cell
carcinoma was present in the mucosa adjacent to the
invasive OSCC in 11 cases. Non-neoplastic oral mucosa
was examined in all cases and showed features of mild to
moderate hyperkeratosis and chronic inflammation.

Immunohistochemistry

Immunohistochemical results are summarised in Table 2.

Table 1 Comparison of the clinico-pathological and molecular
results. T tumour according to the tumour node metastases staging
system (TNM), N lymph-node metastases according to the TNM
staging system, G grade, FU follow up (months), AW alive and
well, AWD alive with disease (metastases to lungs and skin), DOD

died of disease, W well differentiated, Mo moderately differenti-
ated, P poorly differentiated, ICH % percentage of neoplastic cells
positive with p63 antibody, MG mandibular gingiva, Me metastasis,
FM floor of the mouth, To tongue, + presence of the isoforms, �
absence of the isoform

Case no. Sex/age (years) Site T N FU G P63 ICH % P63 isoforms by nested PCR

TA p63 D4TA p63 DNP63 DNp73L

1 Female 78 Cheek 2 0 AW 21 W 10 + + + +
2 Female 83 MG 4a 0 AW 22 P 70 + � + �
3 Female 49 MG 2 0 AW 16 Mo 50 + � + �
4 Male 81 MG 4a 0 AW 9 P 80 + + + +
5 Female 77 FM 1 0 AW 10 Mo 60 + � + �
6 Male 59 FM 2 0 AW 10 Mo 60 + + + +
7 Male 78 Palate 4a 0 DOD 3 Mo 60 � � + �
8 Male 44 Palate 1 0 AW 21 Mo 50 + � + �
9 Female 57 Palate 1 0 AW 11 Mo 60 + � + +

10 Female 65 To 1 0 AW 25 W 20 � + + �
11 Female 55 To 2 0 AW 24 P 90 + � + �
12 Male 48 To 1 0 AW 19 P 80 + � + �
13 Female 73 To 1 0 AWD 7 W 25 + � + +
14 Male 87 To 2 0 AW 9 W 20 + � + �
15 Male 65 MG 1 0 AW 9 P 80 + � + �
16 Female 79 To 4a 1 AWD 10 Mo 60 � + + �
17 Female 58 MG 2 1 AWD 11 P 90 + � + +
18 Female 58 FM 3 1 AWD 10 P 90 + � + +
19 Female 64 FM 1 1 AW 18 Mo 60 + � + +
20 Male 78 T 3 1 AWD 15 Mo 60 + � + �
21 Male 74 To 2 1 DOD 9 P 90 � � + �
22 Male 73 To 2 1 AW 24 P 70 + � + �
23 Female 37 To 2 1 AW 28 W 20 + � + +
24 Female 88 MG 4a 1 AW 9 P 70 + + + +
25 Female 66 Cheek 2 1 AW 8 W 20 + � � �
26 Female 63 To 1 1 AW 8 W 20 � + + +
27 Female 62 To 1 1 AW 8 P 90 + � + +
28 Female 76 Cheek 2 2b AW 10 W 20 + + + +
29 Male 41 MG 2 2b DOD 7 Mo 40 + + + +
30 Male 66 MG 3 2c DOD 1 P 80 � � + +
31 Male 55 MG 4a 2a AW 30 W 30 + + + +
32 Female 65 FM 4a 2b AW 13 P 90 + + + +
33 Male 79 FM 4a 2b AWD 7 P 70 + + + +
34 Male 77 To 4a 2c DOD 6 P 70 � � + �
34Me P 70 + + + +
35 Male 62 To 2 2b AW 13 Mo 40 � � + �
36 Male 50 To 2 2b AW 20 W 20 � � + �
37 Male 52 To 4a 2b AW 18 W 20 + + + +
38 Male 57 To 3 2c AWD 12 P 70 + + + +
39 Male 53 To 4a 2a AW 11 P 80 + + + +
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Neoplastic tissues

P63 positivity was observed in all cases (Fig. 1B, C). P63
stained the nuclei of BC present at the periphery of the
neoplastic nests and occasionally only the polygonal
eosinophilic cells. Consequently, the percentage of p63-
positive cells varied from case to case, being higher in
poorly differentiated OSCC. Distribution of Ki67 posi-
tivity was similar to that obtained with p63 (P=0.00001),
as it was mainly localised in the BC. Immunohistochem-

ical results obtained in the metastatic lesions were almost
the same as those of the corresponding invasive OSCC.
Specifically, both the p63 and Ki67 antibodies strongly
stained 30–60% of the neoplastic nuclei. Positivity was
mainly confined to BC.

In the 11 cases of in situ carcinoma (Fig. 2A, B, C),
p63 stained 30–60% of the neoplastic intramucosal cells.
Ki67 stained 15–30% of the cells in seven cases and more
than 30% of the cells in four cases. In all 11 cases of in
situ carcinoma, Ki67 positivity was present in both basal
and suprabasal cell layers.

Non-neoplastic mucosa

P63 positivity was confined to the basal and immediately
suprabasal layers of keratinocytes, with positive cells
never exceeding 10% of the keratinocytes (Fig. 3A, B, C,
D, E, F). Percentage of p63-positive cells was higher in
areas of chronic inflammation, reaching 30% of the
keratinocytes and extending to the suprabasal layers.
Immunostaining for Ki67 was limited to 5–10% of the
normal keratinocytes localised in the basal layer. Like

Fig. 1 Invasive squamous cell carcinomas of the oral cavity. A The
neoplastic nests are composed of basaloid cells (arrow) located at
the periphery and of eosinophilic cells forming the squamous

pearls. Using immunohistochemistry, both p63 (B) and Ki67 (C)
mainly stain the basaloid cells

Table 2 Comparison between immunohistochemical results with
P63 and Ki67 antibodies. N Number of cases

N P63 Ki67

Non-neoplastic mucosa 38 10%* 5–10%**
Chronic inflammation 20 10–20%* 5–15%**
In situ carcinoma 11 30–60% 15–60%
Invasive carcinoma 38 20–90% 20–60%

Well differentiated 9 10–30% 20–30%
Moderately differentiated 10 40–60% 25–50%
Poorly differentiated 20 70–90% 40–60%

Metastases 24 20–90% 20–60%

* Positive cells are located in the basal and suprabasal layers
** Positive cells are located in the basal layer
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p63, Ki67 positivity was higher in areas of chronic
inflammation, reaching 15% of positive keratinocytes.

P63 expression analysis

All the cases presented at least one of the four isoforms.
DN p63 was the more frequently expressed isoform, being
present in 38 of the 39 cases studied (97.4%), while
the TAp63 was present in only 30 cases. The truncated
variants D4TAp63 and DNp73L were present in 16 and 22
cases, respectively. The DN p73L was always expressed
together with DNp63, while D4TAp63 in three cases was
expressed without TA p63. All four isoforms were shown
in 11 cases (28.2%). The remaining cases showed variable
expression patterns.

Correlation between p63 expression pattern
and immunohistochemical results

As shown in Table 1, no correlation was found between
the percentage of neoplastic cells stained with the anti-
p63 antibody and the expression of the different p63
isoforms. Specifically, the number of cells positive using
immunohistochemistry with the anti-p63 antibody was

not related to the appearance of the truncated variants DN
p73L and D4TAp63.

Correlation between p63 expression pattern
and clinico–pathological features

Comparing the group of patients with lymph-node
metastases at the time of surgery with the group of
patients without lymph-node metastases at presentation,
the truncated variants DN p73L and D4TAp63 were more
frequently expressed by the lymph-node metastasising
tumours (Table 3). Specifically, the difference in
DNp73L expression between the two groups reached
statistical significance (P=0.05; Spearman correlation
coefficient P=0.00001). It is noteworthy that in case
no. 34, the two truncated variants appeared in the
metastatic lesion, but not in the primary tumour. In
addition, DN p73L was present in 6 of 8 (75%) cases
presenting in T1 and T2, but showing lymph-node
metastases, while it appeared in 4 of 12 (33.3%) T1
and T2 tumours without lymph-node metastases at
presentation. One of the latter four cases (case no. 13)
developed metastases during the follow-up.

This difference became less evident comparing the
group of cases harbouring distant metastases with the

Fig. 2 In situ squamous cell carcinoma (A). P63 (B) and Ki67 (C) stain most of the neoplastic cells
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disease-free group of patients (Table 4). The group of
patients alive with no evidence of disease more frequently
expressed TAp63 (P=0.07). DNp63 was the only isoform
expressed in five cases; three of these five tumours

rapidly displayed distant metastases leading to the death
of the patients 3–9 months after surgery. The remaining
two cases showed lymph-node metastases, despite the
relatively small size (T2) of the primary tumour.

Fig. 3 Non-neoplastic oral mu-
cosa (A); p63 (B) stains basal
and immediately suprabasal
keratinocytes, while Ki67 (C) is
confined to the basal ker-
atinocytes. In areas of chronic
inflammation (D), positivity for
p63 is increased (E), while Ki67
is still confined to the basal
keratinocytes (F)

Table 3 P63 expression pattern and metastases at presentation.
Non-LN Mets Absence of lymph-node metastases at the time of
surgery, Presence of LN Mets Presence of lymph-node metastases
at the time of surgery

P63 Isoform Non-LN Mets Presence of LN Mets

TA p63 13/15 (86.6%) 17/24 (70.8%)
D4TAp63 4/15 (26.6%) 11/24 (45.8%)
DN p63 15/15 (100%) 23/24 (95.8%)
DN p73L 5/15 (33.3%) 16/24 (66.6%)
All four isoforms 3/15 (20%) 8/24 (33.3)

Table 4 P63 expression pattern and clinical behaviour. AW alive
and well, AWD alive with disease, DOD died of disease

P63 Isoform Patients AWD and DOD Patients AW

TA p63 7/12 (58.3%) 23/27 (85.1%)
D4TAp63 4/12 (33.3%) 11/27 (40.7%)
DN p63 12/12 (100%) 26/27 (96.2%)
DN p73L 7/12 (58.3%) 14/27 (51.8%)
All four isoforms 3/12 (25%) 8/27 (29.6%)
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Discussion

The number of p63-positive cells was remarkably higher
in squamous neoplastic lesions, either in situ or invasive,
compared with non-neoplastic oral mucosa. P63 showed
the same distribution as Ki67, being localised in the BC
observed at the periphery of the neoplastic nests, but
stained more numerous cells. The current immunohisto-
chemical results are consistent with those obtained on
OSCC by Choi et al. [4] and in lung squamous cell
carcinoma by Wang et al. [16] and Pelosi et al. [8]. All
these morphological findings suggest that, in squamous
cell carcinomas, p63 is present in a subset of “basaloid/
stem” cells [3] and is able to proliferate and differentiate
into squamous elements.

On the contrary, none of the published studies dis-
closed a correlation between p63 immunoreactivity and
clinical behaviour of the tumour. Most probably, this is
due to the fact that the A4A antibody commonly
employed against p63 does not discriminate the different
isoforms; thus, RT-PCR and nested-PCR are needed to
analyse the expression of Tap63\p51, D4TAp63, DN p63
and DN p73L.

Considering the dual nature of p63 as a proliferative
agent with its DN isoforms and anti-proliferative agent
with its TA isoforms, a transcriptional dysregulation of
the p63 gene has been implicated as an oncogene,
favouring the proliferative capacity of the neoplastic cell.
Several recent reports support this hypothesis. Nylander et
al. [7] found an overexpression of DN p63a in OSCC,
suggesting that it might play an oncogenic role in the oral
mucosa. Pruneri et al. [9] reported that a downregulation
of the antiproliferative agent TAp63 favours an aggres-
sive behaviour in squamous cell carcinomas of the larynx.
Urist et al. [15] found that cell lines from invasive
transitional cell carcinoma of the urinary bladder only
maintain the expression of the proliferative agent DNp63.

In the present series of OSCC, DNp63 was the most
frequently expressed variant, being present in all but one
case. It was the only isoform expressed in five cases, three
of which behaved in an extremely aggressive fashion,
rapidly giving rise to distant metastases.

Few data are currently available on the truncated
variants DNp73L and D4TAp63. In the present cases, the
truncated variants D4TAp63 and DNp73L were more
frequently expressed in those cases showing lymph-node
metastases at presentation. In addition, there was no linear
relationship between tumour size and DN p73L expres-
sion. DNp73L appeared in 75% of T1 and T2 tumours,
showing lymph-node metastases at presentation, com-
pared with only 33.3% of those without lymph-node
metastases at presentation. In one further case (case 34),
the truncated variant DNp73L was not present in the
primary tumour, but appeared in the lymph-node metas-
tasis; whereas, one case of T4 without lymph-node
metastases (case 2) failed to show DNp73L expression.
The difference in expression of DNp73L between cases
with and without lymph-node metastases at presentation
was statistically significant (P=0.05). DNp73L was de-

scribed by Senoo et al. [13], who found it only in cell
lines derived from squamous cell carcinomas, but not in
normal keratinocytes. According to the original data [13],
DNp73L maintain the dominant–negative activity, in-
hibiting the function of p53 and TAp63, thus favouring
cell proliferation. DNp73L was always present in associ-
ation with DNp63, suggesting that the presence of the
truncated variant DNp73L might strengthen the ability of
the neoplastic cell to proliferate.

In contrast, the exact function of D4TAp63 remains
unknown. D4TAp63 is expressed in normal and neoplas-
tic keratinocytes (Gaiba et al., unpublished observations).
In the present series, D4TAp63, either in combination
with the TAp63 isoform or alone, was observed in
tumours more likely to develop lymph-node metastases.
TAp63 in normal tissue favours epithelial differentiation
and inhibits cell proliferation. Loss of TAp63 expression
was related to tumour progression in laryngeal and
bladder carcinomas [9, 15], and, in the present series,
TAp63 appeared in cases with better survival (Table 4). In
OSCC, D4TAp63 could bind to the same sites as the
whole-length isoform TAp63, inhibiting its tumour sup-
pressor role.

In conclusion, impaired p63 expression could be
important in neoplastic transformation of the squamous
cell, favouring neoplastic proliferation and early metas-
tases. Specifically, the appearance of the truncated variant
DNp73L is significantly associated with the development
of lymph-node metastases.
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Abstract Ductal intraepithelial neoplasia (DIN) is de-
scriptive of in situ breast lesions from usual ductal
hyperplasia (UDH) to advanced ductal carcinoma in situ
(DCIS). A total of 2628 cases of DIN diagnosed at the
Armed Forces Institute of Pathology were separated based
on their grade. These were assessed for the presence of
invasive carcinoma (ductal or lobular) and lobular intra-
epithelial neoplasia (LIN) grades 1–3. The frequency of
invasive cancer (ductal and lobular) appearing with DIN
increased with increasing DIN grade from 2% in low-risk
DIN (UDH) to 37% in DIN 2–3 (DCIS grades 2–3). The
frequency of these invasive carcinomas, which were
either lobular or displayed lobular features, however,
decreased with increasing grade of DIN with a peak of
28% in DIN 1-flat type, (flat epithelial atypia) to a low of
2% in DIN 3. Likewise, the frequency of LIN appearing
with DIN decreased as the grade of DIN increased, with a
peak of 26% in DIN 1-flat type to a low of 9% in DIN 3.
Lower-grade LIN 1 comprised 14% of the LIN in low-risk
DIN cases, but only 4% of the LIN seen in DIN 3 cases.
Conversely, higher-grade LIN 3 comprised only 6% of the
LIN seen in low-risk DIN cases, while accounting for
15% of the LIN in DIN 3 cases. The frequency of invasive
carcinoma in DIN 1 ranged from 4% in quantitatively
limited DIN 1 less than or equal to 2 mm (atypical ductal
hyperplasia) to 27% among the more abundant DIN 1

greater than 2 mm (DCIS grade 1). The frequency of LIN
associated with DIN 1 less than or equal to 2 mm was
13.4%, and the frequency of LIN associated with DIN 1
greater than 2 mm was 16.6% when there was no DIN 1-
flat type present. However, the frequency of the LIN seen
in combination with DIN 1-flat type was reduced by 50%
as the quantity of DIN exceeded 2 mm. Based on this
retrospective analysis of DIN, we noted that: (1) invasive
carcinoma is most frequently associated with the higher
grades of DIN; (2) the grade of LIN parallels the grade of
coexisting DIN; (3) a relationship exists between DIN 1-
flat type and the occurrence of LIN and (4) this
relationship in association with DIN less than or equal
to 2 mm is not maintained in DIN greater than 2 mm.

Keywords Breast · Ductal intraepithelial neoplasia · Flat
epithelial atypia · Ductal carcinoma in situ · Lobular
intraepithelial neoplasia · Atypical ductal hyperplasia ·
Invasive ductal carcinoma · Invasive lobular carcinoma

Introduction

Ductal intraepithelial neoplasia (DIN) defines non-inva-
sive breast epithelial proliferations ranging from usual
ductal hyperplasias (UDH) to advanced ductal carcinoma
in situ (DCIS) [9]. It is well known that the risk of
subsequent invasive carcinomas is increased with pro-
gressive grade or severity of intraductal disease [5, 8].

In a previous study, we found a correlation between
the grade of lobular intraepithelial neoplasia (LIN) and
the severity of coexisting disease in pathology specimens
[1]. This correlation matched, almost exactly, observa-
tions based on numerous follow-up studies [6, 7]. How-
ever, the type of invasive carcinoma observed varied with
the grade of LIN. LIN grades 1–3 reflect the severity of
lobular neoplastic disease. LIN 1 is defined as having
increased numbers of lobular cells that do not distend the
lobule nor occlude the lumen. LIN 2 refers to neoplastic
cells that distend the lobule and/or migrate to the duct.
LIN 3 refers to extensive disease where the distended
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lobules almost reach confluence and/or the cells become
pleomorphic. Patients with LIN 1 from our study were
more likely to have invasive ductal carcinoma, whereas
those with LIN 3 were more likely to have invasive
lobular carcinoma. A directly proportional relationship
was also noted between the occurrence of low-grade
ductal lesions and that of lower-grade LIN (LIN 1 and
LIN 2) in these cases [1].

Having established the DIN classification system
(Table 1), it was of interest to conduct a similar analysis
of the numerous cases of DIN diagnosed at the Armed
Forces Institute of Pathology (AFIP).

Materials and methods

Cases of breast biopsies or mastectomies with intraductal prolif-
erative lesions (low-risk DIN through DIN 3) were obtained from
the files of the AFIP. These grades of DIN corresponded to the
traditional classification system as follows: usual ductal hyperplasia
(UDH)=low-risk DIN, flat epithelial atypia=DIN 1-flat type,
atypical ductal hyperplasia (ADH)=DIN 1 less than or equal to
2 mm, DCIS grade 1=DIN 1 greater than 2 mm, DCIS grade 2=DIN
2, DCIS grade 3=DIN 3. A total of 2628 patients diagnosed as
having some DIN over a 2-year period at the AFIP comprised the
study sample. These included cases of pure DIN and cases of
invasive carcinoma containing DIN. Cases were separated accord-
ing to DIN grade based on the highest grade of DIN present in each
case. A DIN 2 case, for example, could contain DIN 1, but a DIN 1
case could not contain any DIN 2. The samples of various grades of
DIN type were then assessed for the presence of invasive carcinoma
(ductal or lobular) and LIN grades 1–3 (atypical lobular hyperplasia
to lobular carcinoma in situ).

Results

The results are listed in Table 2, Table 3 and Table 4 and
are graphically illustrated in Fig. 1, Fig. 2, Fig. 3 and
Fig. 4. As expected, the frequency of invasive cancer
increased as the grade of DIN increased, from 2% in low-
risk DIN to 37% and 36% in DIN 2 and 3, respectively,
with a plateau at the higher-grade levels (Table 2, Fig. 1).
The frequency of LIN appearing simultaneously with DIN
was 10% in association with low-risk DIN, reached a peak
of 26% in cases of DIN 1-flat type and then decreased to
9% in association with DIN 3 (Table 2, Fig. 1). Given the
high frequency of LIN seen along with DIN 1-flat type, all
cases of LIN concurrent with the higher grades of DIN
were corrected for the presence of DIN 1-flat type when it
was also present in the higher-grade lesions. Therefore, the
recorded frequency of LIN appearing simultaneously with
DIN 2, for example, did not include the LIN appearing
with DIN 2 when DIN 1-flat type was also present. While
there were only 9 (10%) cases of LIN appearing along
with DIN 1-flat type in the DIN 2 and DIN 3 cases
combined, there were 31 (27%) such cases among the
ADH and grade-1 DCIS forms of DIN 1. When corrected
for the influence of DIN 1-flat type in grades DIN 1 (ADH
and grade-1 DCIS) to DIN 3, the frequency of LIN
decreased more dramatically (Table 2, Fig. 2).

Table 1 Relationship between traditional and ductal intraepithelial
neoplasia (DIN) classification systems. UDH usual ductal hyper-
plasia, ADH atypical ductal hyperplasia, DCIS ductal carcinoma in
situ

DIN Traditional

Low-risk DIN UDH
DIN 1-flat type Flat epithelial atypia
DIN 1�2 mm ADH
DIN 1>2 mm Grade-1 DCIS
DIN 2 Grade-2 DCIS
DIN 3 Grade-3 DCIS

Table 2 Frequency of concurrent disease observed with various
grades of ductal intraepithelial neoplasia (DIN). DCIS ductal
carcinoma in situ, G1 grade 1, G2 grade 2, G3 grade 3, LIN lobular

intraepithelial neoplasia, UDH usual ductal hyperplasia, ADH
atypical intraductal hyperplasia

Grade Invasive carcinoma Lobular carcinoma
(% of invasive carcinoma)

LIN

Low-risk DIN 10 (2%) 1 (10%) 43 (10%)
(UDH) n=426
DIN 1-flat type 68 (7%) 19 (28%) 257 (26%)
(Flat epithelial atypia) n=1000
DIN 1 116 (22%) 11 (9%) 116 (22%)
(ADH/DCIS G1) n=538 Without DIN 1-flat type=85 (16%)
DIN 2 142 (37%) 11 (8%) 62 (16%)
(DCIS G2) n=383 Without DIN 1-flat type=57 (15%)
DIN 3 102 (36%) 2 (2%) 26 (9%)
(DCIS G3) n=281 Without DIN 1-flat type=22 (8%)

Table 3 Grade of lobular intraepithelial neoplasia (LIN) concur-
rent with various grades of ductal intraepithelial neoplasia (DIN).
DCIS ductal carcinoma in situ, G1 grade 1, G2 grade 2; G3 grade 3,
UDH usual ductal hyperplasia, ADH Atypical intraductal hyper-
plasia

Total LIN LIN 1 LIN 2 LIN 3

Low-risk DIN 5 (12%) 36 (84%) 2 (5%)
(UDH) n=43
DIN 1-flat type 15 (6%) 219 (85%) 23 (9%)
(Flat epithelial atypia) n=257
DIN 1 8 (7%) 101 (87%) 7 (6%)
(ADH/DCIS G1) n=116
DIN 2 3 (5%) 54 (87%) 5 (8%)
(DCIS G2) n=62
DIN 3 1 (4%) 21 (81%) 4 (15%)
(DCIS G3) n=26
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The grade of LIN also varied with the grade of DIN.
The low-grade LIN 1 displayed a negative correlation
with the grade of DIN, decreasing in frequency from 12%
among low-risk DIN cases containing LIN to only 4%

among the DIN 3 cases containing LIN (Table 3, Fig. 3).
LIN 3 frequency, conversely, displayed a direct correla-
tion with grade of DIN, increasing from 5% of the low-
risk DIN cases containing LIN to 15% of the DIN 3 cases
containing LIN. In addition, the fraction of associated

Fig. 2 Depiction of relationship between lobular intraepithelial
neoplasia (LIN) and higher grades of ductal intraepithelial neopla-
sia (DIN), corrected for the presence of DIN 1-flat type in those
grades

Fig. 3 Depiction of the frequency of lobular intraepithelial neo-
plasia (LIN), total invasive carcinoma, invasive lobular carcinoma,
and different grades of LIN, in varying grades of ductal intraepi-
thelial neoplasia (DIN)

Fig. 1 Depiction of the relationship between lobular intraepithelial
neoplasia (LIN) and invasive carcinoma in varying grades of ductal
intraepithelial neoplasia (DIN). Note relationship between LIN and
DIN 1-flat type

Table 4 Frequency of concur-
rent disease observed with DIN
1 (ADH) and DIN 1 (DCIS
grade 1). DIN ductal intraepi-
thelial neoplasia, ADH atypical
intraductal hyperplasia, DCIS
G1 ductal carcinoma in situ
grade 1, LIN lobular intraepi-
thelial neoplasia

DIN 1 (ADH) n=134 DIN 1 (DCIS G1) n=404

Invasive carcinoma 5 (4%) 111 (27%)
LIN total 31 (23%) 85 (21%)
LIN without DIN 1-flat type 18 (13.4%) 67 (16.6%)
LIN with DIN 1-flat type 13 (10%) 18 (4%)
LIN with DIN 1-flat type (as % of total LIN) 42% 21%

Fig. 4 Depiction of the relationship between lobular intraepithelial
neoplasia (LIN) and invasive carcinoma in varying grades of ductal
intraepithelial neoplasia (DIN), with DIN 1 cases quantitatively
separated into atypical ductal hyperplasia or ductal carcinoma in
situ
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invasive carcinoma that was either lobular or had lobular
features went from 10% in the low-risk DIN cases to a
peak of 28% in the DIN 1-flat type cases to a low of 2% in
the DIN 3 cases (Table 2, Fig. 3).

When the DIN 1 cases were subdivided into ADH or
grade-1 DCIS, the frequency of associated invasive
carcinoma ranged from 4% among ADH to 27% among
grade-1 DCIS lesions (Table 4, Fig. 4). This finding
strongly supports the impact of tumor-cell volume on the
possibility of invasion. More invasive tumors were seen in
cases containing more extensive intraductal disease,
possibly because the opportunity for invasion to occur
might depend, in part, on cell numbers. Interestingly,
when the frequency of LIN was examined in ADH and
grade-1 DCIS, there was only a slight difference. Con-
current LIN was observed among 13.4% of ADH and
16.6% of grade-1 DCIS cases. The frequency of DIN 1-
flat type dropped from 42% among the ADH cases that
contained LIN to 21% among the grade-1 DCIS cases that
contained LIN (Table 4).

Discussion

The results observed concurred with and confirmed
previously reported features of the various DIN lesions
evaluated [8]. The frequencies of 37/36% and 2–7%
invasive cancer associated with high- and low-grade
ductal lesions, respectively, are consistent with that
previously reported [4, 8]. Likewise, the correlation of
grade of LIN with the grade of DIN was predictable from
our previous study [1].

A recent study comparing the expression of cytokera-
tins and E-cadherin among non-invasive neoplasms iden-
tified a hybrid group distinct from those with clear-cut
ductal or lobular immunoprofiles [2]. The presence of
morphologically and immunohistochemically hybrid neo-
plasms raises the possibility of a close relationship
between DIN and LIN in some of their earlier develop-
mental stages. Against this background, it was of interest
to examine the associated disease in various grades of
DIN.

A distinct relationship between DIN 1-flat type and
LIN emerged from this study (Fig. 5). The graphic
depiction of the data clearly shows a peak for DIN 1-flat-
type-associated LIN. Furthermore, among all sizes of DIN
1, 27% of those with LIN also harbored DIN 1-flat type.
Removing any influence exerted by DIN 1-flat type from
the LIN seen in grade-1 DCIS by discounting those cases
containing DIN 1-flat type lowered the frequency of
associated LIN in this group to a level similar to that seen
in association with DIN 2 (16%). Since DIN 1-flat type
was rarely or infrequently present among DIN 2 and DIN
3 cases, the frequency of LIN associated with these grades
decreased by only one percentage point when those
containing DIN 1-flat type were subtracted.

Among all ductal lesions, less than or equal to 10% are
associated with invasive lobular carcinoma or invasive
carcinoma with lobular features. Interestingly, of the 68

(7%) DIN 1-flat type cases associated with invasive
carcinoma, 19 (28%) were lobular or possessed lobular
features; a substantially higher frequency than 10%.

Assessment of the DIN 1 lesions provided particularly
interesting data. DIN 1 includes the traditional categories
of ADH and grade-1 DCIS; their quantitatively based
separation has encountered significant reproducibility
problems (Fig. 6) [9]. In this study, the frequency of
associated invasive carcinoma and LIN in cases of DIN 1
was in between that found in the higher grades (DIN 2 to
3) and that found in the combined low-risk DIN and DIN
1-flat type cases. However, when separated to reflect
ADH and grade-1 DCIS by the traditional system, the
DCIS had a seven times higher frequency of concurrent
invasive carcinoma than the ADH (Table 4, Fig. 4). This
finding underscores the impact of quantity and/or volume
of neoplastic cells. What is interesting, however, is the
relationship between the quantitatively different DIN 1
and LIN. The overall frequency of LIN observed in
association with all DIN 1 changed by only 3% when DIN
1 was separated into ADH and DCIS (Table 4, Fig. 4).
Among the low-risk DIN, DIN 1-flat type and DIN 1 less
than or equal to 2 mm, the frequency of associated LIN
was much higher than that of the concurrent invasive
carcinoma, while among the DIN 1 greater than 2 mm,
DIN 2 and DIN 3, the frequency of associated invasive
carcinoma was much higher than that of concurrent LIN.
The crossover point is, not surprisingly, in the middle of
the range of DIN 1 (ADH to grade-1 DCIS) lesions
(Fig. 4).

While LIN was present in association with 23% of all
ADH and 21% of all grade-1 DCIS, 42% of those ADH
cases containing LIN also harbored DIN 1-flat type, while
DIN 1-flat type was present in only 21% of those LIN
containing grade-1 DCIS cases. These findings suggest a
relationship between LIN occurring with DIN 1-flat type
and ADH that is lost as the DIN 1 less than or equal to
2 mm lesion progresses into a fully developed architecture

Fig. 5 Hematoxylin and eosin stained section showing lobular
intraepithelial neoplasia and ductal intraepithelial neoplasia 1-flat
type (�200)
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with increased quantity of neoplastic cells (grade-1
DCIS).

Of special interest is the substantial increase in the
frequency of LIN in the presence of DIN 1-flat type. Also,
of all of the various DIN grades, the highest frequency of
concurrent invasive lobular carcinoma or invasive carci-
nomas having lobular features was noted among cases of

DIN 1-flat type. Brogi et al. also noted an increased
amount of “atypical cystic lobules” (basically comparable
with DIN 1-flat type) in patients with lobular neoplasia
[3]. These findings all suggest a relationship between LIN
and DIN 1-flat type.

Perhaps, up to a certain point, the neoplastic cells
retain the capacity to differentiate into either a lobular or
ductal morphology. Beyond that point of commitment,
one morphology predominates. It is possible that both
LIN and DIN 1-flat type are close to the stem cell in their
development with their ultimate characteristics still to be
determined.
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Abstract We describe seven cases of melanotic onco-
cytic metaplasia of the nasopharynx and review five other
cases in the literature. It is usually a small, brown to black
lesion that occurs around the Eustachian tube opening,
where abundant seromucinous glands and lymphoid tissue
are present. Multiple or bilateral lesions are sometimes
seen. All 12 reported cases are of Asian origin. Melanotic
oncocytic metaplasia occurs predominantly in men
(male:female=11:1), with a mean age of 68 years. Simple
excisional biopsy appears to be curative. Microscopically,
melanotic oncocytic metaplasia is a combination of
oncocytic metaplasia of the epithelium of the gland and
melanin pigmentation in its cytoplasm. Fontana-Masson
staining and immunohistochemical staining of S-100
protein revealed numerous melanocytes with conspicuous
dendrites in the glands and stroma, which probably
transfer melanin to adjacent glands. The exact pathogen-
esis of melanotic oncocytic metaplasia is unknown, but
we postulate that the lesion could be related to the
oncocytic metaplasia of the seromucinous glands around
the Eustachian tube, which is followed by the local
production and/or acquisition of the melanin pigment,
under the influence of certain neuropeptides in the
vicinity. The recognition of melanotic oncocytic meta-
plasia is of clinical importance, as it may be misdiagnosed
as a malignancy to the unwary.

Keywords Melanotic oncocytic metaplasia ·
Nasopharynx · Excisional biopsy

Introduction

Melanotic oncocytic metaplasia of the nasopharynx is a
rare lesion, first described by Shek in 1995 [22]. Macro-
scopically, it is a small, black-pigmented lesion. Coexis-
tence of melanin pigmentation and oncocytic metaplasia
in the same gland characterizes the lesion. There have
been only five cases reported thus far in the literature [10,
11, 22, 30]. We report seven additional new cases and
review the literature with an attempt to elucidate its
possible pathogenesis and histogenesis.

Materials and methods

Case selection

Five cases (cases 1–5) were previously reported in the literature,
and seven additional new cases (cases 6–12) were retrieved from
the files of the Department of Pathology, University of Tokushima
School of Medicine, Tokushima, Department of Pathology, Uni-
versity of Hong Kong, Queen Mary Hospital, Hong Kong, and
Department of Pathology, Oita Medical University, Oita. Clinical
data were obtained from hospital records for the seven cases
(Table 1). Hematoxylin–eosin-stained slides from biopsied material
were available for the seven cases.

Special staining and immunohistochemical staining

Sections from paraffin blocks of the lesion were used. No sections
except hematoxylin–eosin-stained slides were available for cases
10–12. Fontana-Masson staining, Berlin blue staining and immu-
nohistochemical studies for S-100 protein (Dako, Glostrup, Den-
mark, dilution; 1:500) and HMB 45 (clone, HMB45; Dako,
dilution: 1:50) were performed only for cases 6, 7 and 9. For
immunohistochemical studies, the sections were bleached prior to
standard labeled streptavidin-biotin method with appropriate use of
positive and negative controls. Proteolytic predigestion was per-
formed.
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Results

Clinical findings

Clinical findings of 12 cases were summarized in Table 1.
The patients were all of Asian origin, and they were
comprised of 11 men and only 1 woman, aged 56–
80 years (mean, 68 years). All the lesions were a few
millimeters in size, brown to black in color and located in
the nasopharynx mucosa. They were found near the
Eustachian tube opening in 8 of 12 cases. They occurred
in the left in 4 cases, in the right in 3 cases and bilaterally
in 2 cases. Multiple lesions were seen in 5 cases.
Clinicians’ impression of the lesion ranged from a

malignant tumor, such as melanoma or carcinoma, to a
benign melanocytic nevus. Other associated ear, nose and
throat symptoms included otitis media, tinnitus, hoarse-
ness of voice, rhinorrhea, epistaxis, discomfort of the
throat and hemoptysis. Cases 7 and 8 had the past history
of pulmonary tuberculosis. Case 3 had systemic hyper-
tension and was on angiotensin-converting enzyme in-
hibitor, but the lesion was otherwise asymptomatic. The
information about the smoking history was available only
for cases 6 and 7: 10 cigarettes per day for 50 years and
40 cigarettes per day for 60 years, respectively. Smoking
history for the other patients was unknown. There has
been no recurrence or progression of the lesion reported
on all these seven cases after biopsy.

Table 1 Clinical findings of five cases in the literature (cases 1–5) and present seven cases (cases 6–12) of melanotic oncocytic
metaplasia. Eustachian O Eustachian tube opening

Case Author (year) Age
(years)/sex

Site Number Clinical
impression

Associated
condition

Smoking
history

1 Shek et al.
(1995) [22]

67/Male Eustachian O 1 Carcinoma Otitis media Unknown

2 Shek et al.
(1995) [22]

63/Male Eustachian O 1 Carcinoma Tinnitus Unknown

3 Kurihara &
Nakagawa
(1997) [11]

69/Male Left nasopharynx 3 (Incidental) – Unknown

4 Hirakawa et al.
(1999) [10]

64/Male Bilateral Eustachian O/
nasopharynx

Multiple Malignant
tumor

Discomfort
of the throat

Unknown

5 Xue & Hui
(1999) [30]

70/Male Bilateral Eustachian O Multiple Nevus Tinnitus Unknown

6 Present case 80/Male Right nasal cavity/
pharynx

Multiple Melanoma Hoarseness,
old Tb

10 per day � 50
years

7 Present case 69/Male Left Eustachian O 1 Melanoma Rhinorrhea,
old Tb

40 per day � 60
years

8 Present case 74/Male Left suprapharynx 1 Tumor Epistaxis Unknown
9 Present case 74/Female Right Eustachian O 3 Melanoma Discomfort

of the throat
Unknown

10 Present case 68/Male Nasopharynx 1 Tumor Increased
EBV-IgA titer

Unknown

11 Present case 56/Male Right Eustachian O 1 Unknown Hemoptysis Unknown
12 Present case 63/Male Left Eustachian O 1 Melanoma Epistaxis Unknown

Fig. 1 Beneath overlying respiratory epithelium, a cluster of glands are present (left; hematoxylin–eosin, �15). The epithelium of the
glands shows oncocytic metaplasia with melanin pigmentation in its cytoplasm (right; hematoxylin–eosin, �100)
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Histological findings

Histology of the present seven cases (cases 6–12) was
similar. The lesions were well circumscribed, but not
encapsulated. Under the overlying respiratory epithelium,
which was not present in some cases, there were clusters
of seromucinous glands with oncocytic metaplasia and
brown pigment in their cytoplasm (Fig. 1). Some glands
were dilated and sometimes contained condensed prote-
nacious fluid or melanin granules in the lumina. Pigmen-
tation was also present in the overlying epithelium with or
without oncocytic metaplasia. Metaplastic change accom-
panied the decreased number or absence of mucous cells
in the epithelium. No atypia was seen in the epithelial
cells of the gland and overlying epithelium. There was
scanty amount of stroma between the oncocytic glands,
where lymphocytes, plasma cells and some pigmented

macrophages were seen. The brown granules stained
positive for Fontana-Masson staining and negative for
Berlin blue staining, which were indicative of melanin. In
Fontana-Masson staining, there were numerous melano-
cytes with their dendritic processes stretching between the
epithelial cells of the glands and abundant melanin
granules near them (Fig. 2). Melanocytes were also
identified in the surface epithelium and stroma.

Immunohistochemical stainings of HMB 45 and S-100
protein were performed for cases 6, 7 and 9. Dendritic
cells were positive for S-100 protein (Fig. 3) and negative
for HMB45 in all three cases.

Fig. 2 Fontana-Masson staining reveals numerous melanocytes. Many of them stretch their dendritic processes between the epithelial cells
of the glands. (�100, �200)

Fig. 3 The location of cells immunoreactive for S-100 protein in the glands corresponds to the one seen in Fontana-Masson staining.
(�100, �200)
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Discussion

The clinical findings on our seven cases and five others in
the literature are summarized in Table 1. Melanotic
oncocytic metaplasia occurred predominantly in men (1
woman: 11 men) with a mean age of 68 years, and all the
patients were Asians. The lesion was usually a few
millimeters in size with a slightly elevated surface, and is
brown to black in color. Multiple lesions occurred in 5 of
12 (42%) cases and bilateral involvement was sometimes
encountered (17%). Most occurred in close vicinity of the
Eustachian tube opening (in 8 of 12 cases; 67%). The
associated symptoms of tinnitus and otitis media may be
caused by compression to the tube [22]. The clinical
impression on endoscopic examination is not uncommon-
ly that of a malignant tumor, such as melanoma or
nasopharyngeal carcinoma. All the seven present cases
pursued a benign clinical course, and no additional
treatment is required.

The exact pathogenesis of melanotic oncocytic meta-
plasia is unknown. Drawing the analogy of the relation-
ship between oral melanin pigmentation and smoking in
some races [9, 21, 27], we hypothesize that smoking may
be a predisposing factor for melanotic oncocytic meta-
plasia. The observed male predominance is in keeping
with the hypothesis, as there are more male smokers than
female smokers among Asians. However, a positive
smoking history was only attainable in two patients
(cases 6 and 7; Table 1), but was unknown in the other
patients. Ethnic background of Asian could be another
predisposing factor.

Microscopically, melanotic oncocytic metaplasia is
unique in that both oncocytic metaplasia and melanin
pigmentation of the epithelium are present simultaneous-
ly. Dendritic melanocyte has been reported to exist in the
stroma and epithelium of the nasal cavity, paranasal sinus
and larynx [7, 25]. In this study, melanocytes were
identified in the nasopharynx. Fontana-Masson staining
revealed numerous dendritic melanocytes among the
epithelial cells of the glands and overlying epithelium
and in the stroma in cases 6 and 9 of the present series,
and such a finding has been reported in cases 3 and 4
of the previous study [10, 11]. It seems reasonable to
postulate that these melanocytes originate in the naso-
pharynx, since melanocytes are the cells that derived from
primordial neural crest and migrate to various sites [1],
and that they probably proliferate under the influence of
certain trophic substances [22]. The melanin pigment in
the oncocytic glands and stroma may be derived from the
adjacent melanocytes through their dendrites [10], which
is consistent with the observation that ultrastructurally
oncocytic cells contained numerous hypertrophied mito-
chondria, but not premature melanosomes, where melanin
is produced [10].

Oncocytic metaplasia of the glandular and ductal
epithelium alone is not an uncommon finding, and, in
fact, it is considered an age-related phenomenon when
seen in the nasopharynx [3, 16], as well as in the salivary
gland and larynx [6, 12, 13]. Because it is a more common

finding [3, 16] than melanin pigmentation in the naso-
pharynx, oncocytic metaplasia of the gland probably
precedes the melanin pigmentation. The proliferative
character of the oncocytes is frequently present in organs
with endocrine function or endocrine dependence [8]. In
the pharynx and salivary gland, the presence of neuroen-
docrine peptides has been reported in some species and in
humans [2, 4, 14, 17–20, 24, 29, 31]. In addition, it has
been shown that some neuropeptidergic nerve fibers
located in the tonsil or lymphoid tissue near the tonsil
play a regulatory role in the neuro–immuno–endocrine
network [5, 23, 26, 28]. Similar lymphoid follicles are
also present in the submucosa throughout the nasophar-
ynx, particularly around the Eustachian tube opening,
which is sometimes called Gerlach’s tonsil [15]. Such
neuropeptides might cause the oncocytic metaplasia or
melanocyte to proliferate and produce melanin directly or
indirectly through the secretion of the oncocytic glands.

In summary, we have described the clinical and
histological features of melanotic oncocytic metaplasia.
Awareness of melanotic oncocytic metaplasia is of
clinical importance, as it may be misdiagnosed as
carcinoma or melanoma [10, 22, 30]. Also, because of
its histological uniqueness, it is of academic interest and
importance to clarify the pathogenesis and histogenesis in
further detail.
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Abstract Nuclei of papillary thyroid carcinoma (PTC)
are characterised by diagnostic morphological features,
which include optically clear nuclei, irregular nuclear
profile, pseudoinclusions and grooves. In the present
study, such nuclear features were analysed by means of
confocal microscopy using anti-lamin B antibodies to
outline the nuclear membrane. Parallel sections of the
nucleus, produced by confocal microscope analysis,
showed that the nuclear shape is markedly irregular with
profound invaginations, clefts and tunnel-like structures,
which correspond to the “grooves” and “holes” detectable
using light microscopy, respectively. A tridimensional (3-
D) model of the nuclei, obtained by a computer-based
reconstruction of confocal microscope images, showed, in
the vast majority of PTC cells, nuclei with crateriform
areas, clefts and even tunnel-like structures “piercing” the
whole nuclear thickness. By rotating these models in
space, it became evident that the holes and grooves seen
in light microscopy correspond to invaginations and
tunnels, depending on the viewpoint. In conclusion, this is
the first application of confocal microscopy and tridi-
mensional reconstruction to the study of nuclear mor-
phology of PTC and of tumours in general. The light
microscopic appearance of PTC nuclei, so familiar to
pathologists, is, therefore, due to profound remodelling of
the nuclear shape with invaginations and tunnels, which
appear as either grooves or holes, according to the
viewpoint.

Keywords Thyroid papillary carcinoma · Confocal
microscope · Tridimensional image · Clear nuclei ·
Lamin B

Introduction

Papillary thyroid carcinoma (PTC) is characterised by
peculiar diagnostic nuclear alterations, which include
nuclear clearing due to fine heterochromatin, nuclear
grooves, cytoplasmic inclusions and irregular contours [6,
8]. These features are different from those of normal
follicular cells and follicular neoplasms, which usually
show rigidly spherical nuclei with “smooth” contours. Ret
protooncogene rearrangements have been shown to be
implicated in the typical nuclear changes of PTC [2].

In diagnostic pathology, the recognition of a PTC is
usually an easy task, thanks to the above-described
classical nuclear features. This is not always the case in
cytological specimens, since material from fine needle
aspiration biopsies may contain few cells, and the nuclear
features may be easily missed. In addition, some follicular
nodules of hyperplastic nature (possibly associated to
hyperfunction) may show extensive nuclear clearing,
raising the suspicion of a follicular variant of PTC in both
surgical and cytological material. Several questions re-
main to be answered: (1) How specific and ubiquitous are
the nuclear changes of PTC? If they are not detected in all
cases and in all cells, is this due to their absence or to the
technical approach (light microscopy and hematoxylin &
eosin staining), which allows detection of the top of an
iceberg only? (2) Are nuclear grooves, vacuoles and
indentations separate phenomena, or just different aspects
of the same alteration?

In order to approach these problems, we planned to use
confocal microscopy and a marker for nuclear mem-
branes. Several proteins of the nuclear envelope have
been studied using light and confocal microscopy. Re-
cently, a thorough biochemical characterisation of the
nuclear membrane components has been reported [3]. In
this study, emerin, lamins and other proteins were found
to be regularly expressed, even in the nuclear envelopes
of PTC cells, thus, indicating that neither downregulation
nor abnormal expression of any of these proteins was a
common occurrence in PTC, nor were these proteins
responsible for any of the changes of PTC nuclei. Among
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these proteins, lamin B was found to be intensely
expressed by the nuclear membrane, including its infold-
ings (grooves or “holes”) [3]. Experimental studies
showed that this protein is also essential for cell replica-
tion [7].

The aim of this study was to investigate the nuclear
shape and deformities of PTC cells and to identify some
peculiar features, which may define PTC nuclei and
distinguish them from other conditions associated with
nuclear clearing. For this purpose, nuclear membranes of
PTC (from cell lines, fine needle aspirates and surgical
specimens) and of control follicular tumours were marked
with lamin B antibodies and analysed by confocal
microscopy. Such images were sequentially arranged to
build up a tridimensional (3-D) model, which could be
turned and switched along different perspectives, mim-
icking those occurring in light microscopic examination.
Here we show that remarkable nuclear deformities,
infolding and “holes” are present only in PTC nuclei, as
expected, and that the reported alterations described as
“grooves” or “holes” probably represent the same phe-
nomenon of profound nuclear invaginations, according to
the viewpoint from which the cell is explored, while the
pattern known as “inclusions” appear related to a tunnel-
like arrangement of the nuclear shape.

Materials and methods

Tissues and cells

Three cases each of PTC, follicular carcinoma and adenoma were
collected from the surgical pathology files of the Department of
Biomedical Sciences and Oncology in the year 2003. Two cases of
PTC in horses from Eastern Europe were also investigated. A
representative block of each case was selected. The tissues were
fixed in formalin and embedded in paraffin. In addition, the
corresponding fine needle aspiration biopsies of the three papillary
carcinomas were studied using the cell block prepared at the time
of cytological sampling. Furthermore, in one case of PTC from a
24-year-old man, isolated cells were obtained from either the
tumour area or the surrounding normal tissue by fine needle
aspiration biopsy. Such cells were collected in fluid and processed
according to the Thin-Prep procedure. Two immortalised cell lines
derived from human thyroid tumours of follicular origin, i.e. NPA
cells originated from a papillary carcinoma and WRO cells from a
follicular carcinoma, were generously supplied by Drs. A. Fusco
and M. Santoro (University of Naples). Both cell lines were grown
directly onto a glass slide in Dulbecco’s modified Eagle’s medium-
F12 medium, supplemented with foetal calf serum 10% and
penicillin/streptomycin in a 5% CO2 humidified atmosphere at
37�C. They were subsequently fixed in methanol and acetone.

Immunofluorescence

Five-micron-thick sections of the paraffin block, serial to those
used for conventional histopathological or cytological diagnosis,
were obtained from surgical and cytological cases and collected
onto poly-l-lysine coated slides. After dehydration in graded
alcohols, they were processed for immunofluorescence. Alterna-
tively, isolated cells prepared according to the Thin-Prep procedure
or glass slides of cell lines (see above) were stained. An indirect
immunofluorescence was performed on tissue sections or cells
using a polyclonal goat anti-lamin B antibody (Santa Cruz, CA,

USA), diluted 1/5 in phosphate-buffered saline (PBS) containing
5% bovine serum albumin (BSA). The secondary serum was a
fluorescein isothiocyanate-conjugated rabbit anti-goat antibody
(Sigma Aldrich, Munich, Germany), diluted 1/200 in PBS contain-
ing 5% BSA.

Confocal microscopy

Randomly selected fields (n=20) were analysed, and a total number
of at least 1200 nuclei were studied for each case. A Leica
(Wetzlar, Germany) TCS SP2 confocal microscope was employed.
The instrument has standard Acousto Optic Tunable Filters and was
used at the following setting conditions: 488 nm wavelength from
the Ar/Kr laser; 63� oil planar apochromatic objective with 1.32
Numerical Aperture; wide acquisition window (500–650 nm);
airy 1 detection pinhole diameter. Z stacks were collected at each
0.5-mm step and digitally zoomed for the purpose of figure
presentation.

Tridimensional reconstruction

Using the serial images obtained by confocal microscope analysis,
3-D models of selected nuclei were obtained by Gaia Bussolati
(EDI Effetti Digitali Italiani srl, Milan), employing the original
Bistudio Software for 3-D modelling (Bistudio Program, EDI srl,
Milan). Briefly, on the base of sequential images of serial nuclear
sections, curves were obtained outlining the nuclear profile. Each
segment of the curve, matching the steps between sections, was
proportional to the size of the nuclei and to the gaps between
sections, as measured in confocal microscopy. Using the curves as
if they were making up a scaffold, surfaces linking their edges were
obtained, as to finally build up the entire nuclear volume. The
resulting 3-D images were, therefore, a rough but objective
representation of the actual nuclear shape and volume, as observed
in confocal microscopy.

Results

Immunofluorescence staining for lamin B showed an
intense and diffuse reactivity along the nuclear membrane
of all cases (Fig. 1). Most cells were strongly reactive
irrespective of the tumour type (papillary carcinoma
versus follicular carcinoma or adenoma). In individual
nuclei, the staining was continuous along the membrane,
including areas in which the membrane had irregular
profile or invaginations. Nuclear “holes” typical of PTC
were also lined by lamin B immunoreactive nuclear
membrane. The type of fixation (formalin versus alcohol)
did not appear to affect the immunofluorescence signal.

Papillary carcinoma nuclei

Two different specimens of NPA cells, as well as isolated
PTC cells (Thin-Prep preparations) (20 randomly selected

Fig. 1 Confocal microscope analysis of papillary and follicular
thyroid carcinoma nuclei using the nuclear membrane marker lamin
B, �630. Calibration bar for a and b=14 mm, c–g=8 mm. a Cluster
of NPA papillary carcinoma cell line showing the irregular nuclear
profile outlined by lamin B immunofluorescence staining. b In the
same cell line, an invagination is evident in the first three and last
pictures, which becomes complete in the fourth picture, as if the

t
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nucleus were cut into two parts. c WRO follicular carcinoma cell
line. These control nuclei have a round or oval shape and lack
profound invaginations. Nucleoli are also prominent. In surgical
specimens, papillary thyroid carcinoma nuclei are markedly irreg-
ular and have invaginations and cytoplasmic pouches (d) or contain
a large cytoplasmic pouch, which is initially continuous with the
surrounding cytoplasm and then (last image on the right) is

apparently isolated, as typically seen in nuclear pseudoinclusions
by light microscopy (e). f This papillary carcinoma nucleus has
numerous nuclear membrane invaginations, causing a cup-like
appearance (top left). In a control case of follicular thyroid
carcinoma (g), a neoplastic follicle is lined by tumour cells with
regular oval or roundish nucleus, completely devoid of invagina-
tions or contour irregularities
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fields with 60 nuclei each) were analysed in comparison
with three specimens (20 fields, 90 nuclei each) of PTC
sections. As expected, papillary carcinoma nuclei from
NPA cell line or from human and equine specimens were
larger and much more irregular than the corresponding
control cases of follicular tumours (see below). They had
a mean diameter of 14 mm, as opposed to 8 mm of
follicular tumours. In NPA cell line, nuclear grooves and
invagination were more prominent than the surgical and
cytological specimens, in which several nuclear “holes”
(cytoplasmic pseudoinclusions) were evident (Fig. 1a, b).

This could be due to the fact that surgical and cell block
specimens were thin sections of the tumour, as opposed to
the cell line, which was grown directly onto a glass slide.
The PTC nuclei had a deeply irregular contour, with
numerous indentations and profound invaginations. Fol-
lowing such invaginations with the confocal microscope,
in different plans, it was evident that portions of cyto-
plasm were penetrating deep into the nucleus and even
created tunnels, as some nuclei were crossed by the
cytoplasm at full thickness (Fig. 1d, e, f). Such cytoplas-
mic “pouches” or “tunnels” corresponded to the pseu-

Fig. 2 Tridimensional recon-
struction of papillary carcinoma
nuclei. The nuclei correspond to
those shown in Fig. 1 (respec-
tively, a=1b, b=1e, c=1f,
d=1d). Marked nuclear profile
irregularities are well evident in
the tridimensional images,
which better outline deep in-
vaginations (a, c), holes (c, d)
and tunnels (a, b, e) caused by
cytoplasmic invaginations into
the nucleus. These figures can
also be seen in the web site
(http://www.oncologiaumana.
unito.it/3-D.htm), where a soft-
ware program allows one to
rotate the models in the space,
and to appreciate views from
different perspectives
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doinclusions typical of PTC nuclei and were always
connected to the cell cytoplasm at one or more levels of
the confocal microscope sections. Rotating the visual
angle by 90 degrees, the round cytoplasmic pouches
corresponded to a cleft or a groove, suggesting that these
contour irregularities were tunnel-like and, therefore,
could be seen either as a “hole” or as grooves (Fig. 2).

Control cases of follicular tumours

Two specimens of WRO cells and of isolated normal
thyroid cells (Thin Prep preparation) were assessed, as
well as three specimens of follicular tumours (20 fields
containing 200 and 60 nuclei per field, respectively).
Nuclei of WRO cells (follicular carcinoma) (Fig. 1c) and
of follicular carcinomas (Fig. 1g) or adenomas were all
round and slightly smaller that those of PTC. In addition,
a small and generally single nucleolus was always
present. The nuclear shape was generally oval or round
with a regular and smooth contour. Very short indenta-
tions were occasionally present in the WRO cell line
nuclei, but never deepened into the nuclear matrix.
Confocal microscope images showed that the nuclei had
an oval or spherical shape with minimal deformities.

When comparison was made between PTC nuclei
(from isolated or cultured cells or from sections) and
either normal thyroid cells (Thin-Prep preparation) or
follicular tumour nuclei (from WRO cells or follicular
tumour sections), it became clear that nuclear surface
irregularities of various extents (ranging from minor
indentations up to complete tunnelling of the nuclei) were
present in the vast majority (approximately 95%) of PTC
cells, while absent in control cells.

Tridimensional images

The 3-D nuclear shape reconstruction was performed on
both the papillary carcinoma cell line NPA (Fig. 2a) and
on papillary carcinomas (Fig. 2b, c, d, e). It showed a
markedly deformed and irregular nucleus with indenta-
tions and bulging areas of the nuclear surface and, in
some nuclei, a more or less deep crater creating a cup-like
structure or a profound “hole” in the nucleus. The extreme
of such misshaping of the nuclear appearance in the
tridimensional models was represented by tunnel-like
structures, corresponding to the intranuclear vacuoles or
inclusions visible in light microscopy.

Discussion

In the present study, we described the confocal micro-
scope images and a tridimensional reconstruction of
papillary thyroid carcinoma nuclei, using an antibody
directed to the nuclear membrane protein lamin B. We
here showed that the typical features of PTC nuclei, well
known at the light microscopy level, namely, cytoplasmic

pseudoinclusions and nuclear grooves, are all part of the
marked nuclear contour irregularities, which characterise
PTC, as opposed to other follicular tumours.

In their recent biochemical study, Fischer and co-
workers [3], while demonstrating that none of the nuclear
membrane proteins investigated were responsible for the
nuclear membrane deformities in PTC cells, also provided
nice images of the nuclear “holes” and grooves of PTC,
using a confocal microscope and immunofluorescence
stainings with lamin and emerin. Since the expression of
lamin B was not lost in the PTC nuclear membranes, we
investigated some cases of PTC and control follicular
tumours using this marker as the trace of the nuclear
contour.

We demonstrated that not only minor irregularities of
the nuclear profile (spikes or indentations) contained an
intact nuclear membrane, but also that deep invaginations
and pouches of cytoplasm into the nucleus were lined by
intact nuclear membrane. The 3-D models showed that
variously profound crateriform invaginations of the cyto-
plasm into the nuclear matrix could be either viewed as
“holes” or as grooves, according to viewpoint. In some
cases, the cytoplasmic invaginations penetrated the nu-
cleus at full thickness, determining a tunnel-like shape. As
can be observed by rotating the 3-D nuclear models (see
web site http://www.oncologiaumana.unito.it/3-D.htm),
the nuclear grooving, invaginations and holes, as ob-
served in light microscopy, are only facets of the same
phenomenon of irregularities of the nuclear membrane.
As a result, different images are featured according to the
perspective, so that only occasionally a nucleus, pierced
by a tunnel, shows in light microscopy what appears as an
intra-nuclear vacuole.

The cause and the significance of these nuclear
abnormalities, as well as of the extensive nuclear clearing
in PTC, are not fully understood [1]. Early ultrastructural
studies [4] described deep and complex cytoplasmic
evaginations in PTC, but did not provide any explanation
for the “ground glass” appearance using light microscopy,
nor for the extremely irregular nuclear profile. More
recently, in experimental models, Fischer and co-workers
[2] showed that ret/ptc retroviral construct introduction
into thyroid cells leads to the appearance of the typical
papillary carcinoma nuclear morphology.

Confocal microscopy is useful to better understand the
shape and irregularities of PTC nuclei, since a single cell
or nucleus can be observed at different planes and a
tentative 3-D reconstruction can be obtained. Only one
study using confocal microscopy to study the thyroid
gland was traced in the literature. This study was,
however, devoted to analysing the vascular architecture
of tumours, and no mention was made of the structure of
PTC nuclei [5]. The results of the present study indicate
that confocal microscopy is a valuable tool to analyse
thyroid tumour nuclei and that PTC nuclei have remark-
able differences from those of control follicular tumours.
This is obviously well known in light microscopy. The
potential interest of this study is, in fact, not related to the
diagnosis of PTC, which is generally an easy task in
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routine diagnostic pathology. Rather, a grey area exists in
thyroid pathology regarding follicular-patterned lesions
characterised by prominent optically clear irregular nu-
clei, but lacking clear-cut features of PTC. Since it is
known that optically clear, irregularly shaped, nuclei can
also be found in other conditions, including thyroiditis,
hyperplastic lesions (Graves disease) and oxyphilic cell
tumours (not to mention post-fine needle aspiration or
fixation artefacts) [1], the confocal microscope images
and possibly a 3-D reconstruction may help in distin-
guishing true PTC from the other conditions. Future
studies on thyroid tumours having optically clear irregular
nuclei, but lacking other features to support a diagnosis of
PTC, will help to clarify the role of confocal microscopy
in the characterisation of follicular thyroid nodules, with
special regard to fine needle aspiration pre-operative
specimens. To date, the present findings indicate that, in
PTC, the nuclei are markedly irregular, and the nuclear
membrane defines profound invaginations and tunnels,
which correspond to the holes and grooves well known to
all light microscopists.
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Abstract The understanding of regeneration in salivary
glands as a finely tuned balance of cellular proliferation,
differentiation and apoptosis has been limited by the
difficulty of identifying proliferating cells. This has been
overcome in the present investigation by double immu-
nohistochemical labelling for the proliferation-associated
antigen Ki67 and for different cell-type-specific antigens
applied to 8 specimens of normal parotids and 16
specimens of chronic parotid sialadenitis with particular
reference to acini and intercalated ducts. In comparison
with low baseline rates of proliferation in normal parotids,
proliferative indices were significantly increased in
chronic sialadenitis in mature acinar cells, intercalated
ductal cells and myoepithelial cells without evidence of
proliferation by an additional population of cells. In
accordance with findings in glands of experimental
animals, the present data do not support the previously
postulated concept of regeneration of acini and interca-
lated ducts by a hypothetical population of uncommitted
ductal stem cells. The demonstration of a profound
capacity for intrinsic glandular regeneration from differ-
entiated cells represents a biological basis for the good
results obtained from conservative therapy of chronic
sialadenitis and offers hope for novel therapies designed
to reconstitute impaired salivary flow.

Keywords Salivary glands · Regeneration ·
Proliferation · Apoptosis · Glandular atrophy

Introduction

Chronic sialadenitis is a common cause of removal of
salivary glands, although, recently, interest in conserva-
tive procedures has increased due to their excellent results
and the morbidity associated with surgery, especially
parotidectomy [1, 20]. Preliminary animal studies with
gene transfer or transplantation of stem cells are being
undertaken with the aim of improving salivary flow rates
in severely atrophic glands [3]. However, the understand-
ing of the glandular regeneration that is important for the
development of these therapies is limited.

Regeneration of the salivary glands has, for a long
time, been predominantly attributed to a putative popu-
lation of uncommitted stem cells believed to be situated in
the ducts [2]. However, investigations on experimental
animals have failed to support this concept, and a growing
body of evidence indicates the importance of a prolifer-
ative capacity of differentiated cells in diverse segments
of the salivary duct [7, 8, 10, 29]. The major obstacle for
an analysis of the proliferative capacity has been the
difficulty of accurately identifying types of proliferating
cells in the complex cellular composition of the salivary
glands, which is aggravated in sialadenitis by an addi-
tional intimate admixture of intensely proliferating in-
flammatory and stromal cells (Fig. 3a).

The implementation of double immunohistochemical
labelling for the proliferation-associated antigen Ki67 and
for different cell-type-specific antigens has greatly im-
proved the accurate localisation and quantification of
proliferating cells. This technique recently enabled us to
demonstrate a quantitatively diverse, but generally low,
baseline proliferation in all five types of parenchymal
cells of the normal human salivary gland [18]. These
findings indicate that acinar cells, intercalated ductal cells
and myoepithelial cells regenerate independently, without
cellular transition and without the participation of an
additional population of cells, while the renewal of
luminal columnar cells in striated and excretory ducts is
maintained by proliferation and differentiation of basal
cells. In conditions of chronic damage, these basal cells
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manifest an additional capacity for a pluridirectional
morphogenetic differentiation into several types of reac-
tive ductal metaplasias [18, 24]. However, despite this
prominent role of basal cells in the striated and excretory
ducts, there is no evidence for an active participation of
basal cells in the cellular regeneration of the acini and
intercalated ducts.

Investigations on the effects of chronic noxious stimuli
on the acini and intercalated ducts have shown a limited
reaction pattern that is largely confined to atrophy of the
acini [11, 12, 13, 15, 21, 23, 25, 26, 27, 28, 29]. The role
of cellular proliferation and apoptosis in parenchymal
atrophy in chronic sialadenitis is not understood, and it is
not clear to what extent cellular regeneration can com-
pensate for the loss of cells in the atrophic glands. The
aim of the present investigation is, therefore, to examine
proliferation and apoptosis in chronic parotid sialadenitis
to provide a biological basis for modern therapies and is
focused on the alterations in the acini and intercalated
ducts to complement the previous investigation, in which
the striated and excretory ducts were examined [18].

Materials and methods

Materials

Surgical specimens (n=24) from human parotids were retrieved
from the archives of the Institute of Pathology, Ludwig-Maximil-
ians-University, Munich. They had been fixed in buffered formal-
dehyde (4%; pH 7), embedded in paraffin wax and cut into 4-�m
serial sections. Normal parenchyma lacking inflammation was
obtained from 8 of the specimens that had been resected for small
Warthin tumours or pleomorphic adenomas (male 5; female 3; ages
36–51 years). Of the specimens, 16 had been diagnosed as chronic
sialadenitis with or without sialolithiasis (male 9; female 7; ages
28–58 years) and did not include cases of benign lymphoepithelial
lesion.

Methods

The degree of inflammation and parenchymal atrophy in these
cases ranged from minor to severe and often demonstrated a
variable focal distribution. The 16 cases of chronic sialadenitis
were divided into a subgroup of 10 cases with minor acinar atrophy,
which varied from mild to moderate and was often focal, and a
subgroup of 6 cases with predominantly severe acinar atrophy. An
accurate enumeration of cellular proliferation and apoptosis could
not be accomplished in the latter subgroup because so few acinar
cells were preserved. Previous data on the cellular proliferation of
the normal parotids [18] served as a basis for the present
investigation.

Quantification of proliferation

The protocols of double immunohistochemical labelling for Ki67–
CK7 (labelling intercalated ductal cells) and Ki67–CK18 (labelling
acinar cells) are as follows. Deparaffinised slides were subjected to
microwave pretreatment (750 Watt) with target retrieval solution
(TRS 6; pH 6; 30 min). Endogenous peroxidase was blocked with
peroxidase solution (7.5%). An aviditin-biotin peroxidase complex
method was applied (ABC-kit; Vector). The slides were incubated
with normal horse serum for 20 min. After avidin-biotin blocking,
the slides were incubated (room temperature; 60 min) for either
monoclonal anti-CK7 (1:500 dilution) or anti-CK18 (1:450 dilu-
tion). Biotinylated universal antibody was applied as secondary
antibody followed by avidin-biotin complex (Elite; 30 min each).
Diaminobenzidine+ (Dako; 3 min) was used as chromogen. For
staining with Ki67, the alkaline phosphatase–antialkaline phospha-
tase (APAAP)-method was used (APAAP-ChemMate; Dako). The
monoclonal anti-Ki67 (1:50 dilution) was applied at room temper-
ature for 60 min. Visualisation of the bound anti-Ki67 was obtained
with a secondary antibody of mouse immunoglobulin followed by
APAAP-immunocomplex (30 min each). Fast red (Sigma) was used
as the chromogen (10 min) and Vector haematoxylin (Gill’s
formula) as the counterstain. For double staining with Ki67 and a-
actin (labelling myoepithelial cells), the same procedure was used
as outlined above with the following exceptions: a labelled
streptavidin biotin kit was applied (LSAB-Kit, Dako) and anti-a-
actin was used in a dilution of 1:400. Table 1 summarises the
protocols.

The labelling-index was determined by calculating the percent-
age of Ki67-positive nuclei within a total of 400 acinar cells,
intercalated ductal cells and myoepithelial cells, each identified
according to cytological criteria and the immunohistochemical
staining pattern (Fig. 4) [5, 16, 17, 18, 22]. The mean percentage of
cellular proliferation and the standard error of the mean were
calculated. For comparison of normal glands with inflamed glands,
statistical analysis of the primary data of the three different types of
cells was undertaken, using the c2 test.

Quantification of apoptosis

Caspase-mediated cleavage of cytoplasmic intermediate filaments
is an early event in apoptosis of epithelial cells. The immunohis-
tochemical detection of a specific caspase-cleavage site in CK18
filaments as a neo-epitope (M30) can be applied to formalin-fixed
material for the detection of apoptosis in certain types of epithelial
cells [9, 19]. Although M30 does not detect apoptosis in myoepi-
thelial cells, due to the absence of CK18 filaments, it is associated
with a better morphological result than when other markers of
apoptosis are used, and the type of parenchymal cell that is labelled
by M30 can be identified morphologically without confusion with
the numerous inflammatory and stromal cells in sialadenitis, in
which apoptosis is also not detected due to the lack of CK18
filaments. Cytological criteria for apoptosis (especially nuclear
condensation and fragmentation) were used as a control for positive
M30 labelling. Double labelling for M30 and cell-type specific
markers analogous to Ki67 could not be established.

Due to the relatively small number of apoptoses demonstrated
by M30, they were counted in 20 microscopical fields (0.25 mm2

Table 1 Monoclonal mouse
antibodies (mAb) used in this
study were applied to the anti-
gens listed below. CK cytoker-
atin, MW microwave, TRS 6
target retrieval solution pH 6,
ABC-E avidin-biotin complex
method Elite, APAAP alkaline
phosphatase anti-alkaline phos-
phatase method, LSAB labelled
streptavidin biotin method

Antigen mAb clone Source Pretreatment Dilution of mAb Method

CK181 Ks18.04 Progen MW 30 min TRS 6 1:450 ABC-E2

CK71 Ks7.18 Progen MW 30 min TRS 6 1:500 ABC-E2

a-Actin1 asm-1 Cymbus Biotec MW 30 min TRS 6 1:400 LSAB2

Ki671 MIB-1 Dako MW 30 min TRS 6 1:50 APAAP3

M30 CytoDeath M30 Roche Diagn MW 15 min Citrat 1:60 APAAP3

1 As part of double immunohistochemical labelling (see Methods)
2 With biotin blocking system
3 Dako ChemMate
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with a 10� eyepiece and 20� objective) separately for acinar cells
and intercalated ductal cells. The mean number of cellular
apoptoses and the standard error of the mean were calculated.

Results

The striated and excretory ducts contain columnar cells
and were easily distinguished from the intercalated ducts,
which are smaller and contain cuboidal or flattened lining
cells, in normal and moderately atrophic glands. The
columnar structure was often maintained in very atrophic
glands, but sometimes all the intralobular ducts were very
atrophic and lacked columnar cells, although there was a
difference in size that enabled the smaller ducts to be
interpreted as intercalated ducts.

Double immunohistochemical labelling accurately
demonstrated proliferation in the different types of cells
of the salivary parenchyma, even with a background of
intensely proliferating inflammatory and stromal cells in
sialadenitis. The proliferation indices in chronic sialad-
enitis were increased about twofold in acinar cells,
fourfold in intercalated ductal cells and more than tenfold
in myoepithelial cells (Fig. 2a, b, c, Fig. 3b, c; Table 2). In
the statistical analysis, the proliferation indices were
significantly higher in the sialadenitis subgroups, with
minor atrophy and severe atrophy compared with normal
glands for intercalated ductal cells (both P<0.001) and
myoepithelial cells (P<0.02 and P<0.01, respectively).
The proliferation indices for intercalated ductal cells and
myoepithelial cells were slightly higher in the sialadenitis
subgroup with severe atrophy than in the subgroup with
minor atrophy, although this was not statistically signif-
icant. In contrast to an absence of apoptoses in normal
parotids (Fig. 1d), small numbers of apoptoses were seen
in acinar and intercalated ductal cells in chronic sialad-
enitis (Fig. 2d, Fig. 3d; Table 3).

Discussion

A precise identification and quantification of proliferating
cells facilitated by double immunohistochemical labelling
has recently enabled us to establish a low, yet quantita-
tively diverse, proliferative capacity in the five types of
differentiated parenchymal cells of the human salivary
gland that maintain the gland in a steady state [18]. The
significant increase of proliferation demonstrated in the
present investigation in mature acinar cells, intercalated
ductal cells and myoepithelial cells in chronic sialadenitis
is consistent with several experimental animal investiga-
tions, which indicate a proliferative capacity in differen-
tiated glandular cells [7, 8, 10, 11, 29]. Previous inves-
tigations on proliferation in salivary glands have mainly
been performed on the animal model of experimental
ductal obstruction, followed by removal of obstruction [7,
8, 10, 25, 27, 29] and are of value in helping our
understanding of chronic sialadenitis in which ductal
obstruction, which is often intermittent, is one of the
noxious stimuli [14].

Burgess et al. [7, 8] used a similar immunohistochem-
ical technique to that of the present investigation in rodent
glands and found that an increased proliferation predom-
inantly of myoepithelial cells during ductal ligation was
followed by an increased proliferation predominantly of
acinar cells after removal of the ligation. Thus, the
increased proliferation of both of these types of cells in
sialadenitis found in the present investigation possibly
represents a reaction to intermittent obstruction, in which
there is increased proliferation of myoepithelial cells
during obstruction in an attempt to overcome the ob-
struction followed by proliferation of the acini during
relief from the obstruction, when the environment is more
conducive to secretory activity.

Table 2 Proliferation indices in
normal parotids and in glands
with chronic sialadenitis (per-
centage of Ki67-positive cells
and standard error of the mean)

Normal glands Chronic sialadenitis

With minor atrophy With severe atrophy

(n=8) (n=10) (n=6)

Acinar cells 2.0% (€0.9)2 3.6% (€1.2) -1

Intercalated ductal cells 0.8% (€0.3)2 3.4% (€0.4) 4.1% (€0.8)
Myoepithelial cells 0.2% (€0.1)2 2.3% (€0.3) 3.5% (€1.2)

1 Too few acinar cells are preserved in severe atrophy for an accurate calculation
2 Data from Ihrler et al. [18]

Table 3 Apoptotic indices in
normal parotids and in glands
with chronic sialadenitis [mean
of apoptotic cells in 20 high
power fields (HPF) and stan-
dard error of the mean]; apop-
toses are not identifiable in
myoepithelial cells in the M30
technique owing to the lack of
intermediate filaments of low
molecular weight (CK 18)

Normal glands Chronic sialadenitis

With minor atrophy With severe atrophy

(n=8) (n=10) (n=6)

Acinar cells 0.0/20 HPF 2.0/20HPF (+/�0.3) -1

Intercalated ductal cells 0.0/20 HPF 1.5/20HPF (+/�0.2) 0.8/20HPF (+/�0.1)

1 Too few acinar cells are preserved in severe atrophy for an accurate calculation
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Fig. 1 Cellular proliferation and apoptosis in acini and intercalated
ducts illustrated in representative cases of normal parotid. Original
magnification: �160. Double immunohistochemical labelling ap-
plied to normal parotids demonstrates proliferation in a CK18-
positive acinar cell (a), a CK7-positive intercalated ductal cell (b)
and an a-actin-positive myoepithelial cell (c). Apoptoses are absent
(d; M30)

Fig. 2 Cellular proliferation and apoptosis in acini and intercalated
ducts illustrated in representative cases of chronic sialadenitis with
minor atrophy. Original magnification: �160. In chronic sialaden-
itis with minor atrophy, cellular proliferation is markedly increased.
Applying double labelling, increased proliferation can be attributed
to CK18-positive acinar cells (a; arrows), CK7-positive intercalat-
ed ductal cells (b; arrow; remnants of CK7-negative acinar cells are

indicated by arrowheads) and myoepithelial cells (c; arrows). One
apoptosis is seen and is attributable to an acinar cell (d; M30)

Fig. 3 Cellular proliferation and apoptosis in acini and intercalated
ducts illustrated in representative cases of chronic sialadenitis with
severe atrophy. Original magnification: �160. In chronic sialaden-
itis with severe atrophy, a illustrates that an accurate demonstration
of proliferation is difficult when staining for Ki67 alone, owing to
the complex cellular composition. Double labelling demonstrates
the increased proliferation in intercalated ductal cells (b; arrows)
and myoepithelial cells (c; arrows), while recognisable acinar cells
are absent. The apoptosis demonstrated by M30 (d) is attributable
to an intercalated ductal cell
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In addition to increased proliferation, the present
investigation demonstrates an increased rate of apoptosis
(Fig. 1d, Fig. 2d, Fig. 3d) in acinar and intercalated ductal
cells in chronic sialadenitis compared with normal glands,
in which apoptosis was not demonstrated. This does not
mean that there is no apoptosis of these cells in normal
glands, for there is a rapid phagocytic removal of
apoptotic cells, which restricts the immunohistochemical
demonstration of apoptosis to a much shorter time [19]
than the demonstration of cellular proliferation by an
antibody to Ki67, which appears to last for about one to
several days [6]. Therefore, in contrast to Ki67-based
demonstration of proliferation, which includes events that
occur during one or more days before removal of the
glands, only a relatively small fraction of the apoptoses
that occur during this time will be demonstrable. Never-
theless, the presence of M30 labelling indicates that there
is an increase in apoptosis in sialadenitis. However, the
immunohistological detection of the dynamic processes of
cellular proliferation and apoptosis that last for very
different lengths of time does not allow a direct quanti-
tative comparison between the proliferation and apoptotic
indices. Possibly, the cell loss in chronic sialadenitis is
partly compensated by increased cellular proliferation of
differentiated cells, which is compatible with partial
glandular recovery after removal of experimental ductal
ligation [25]. The rates of apoptosis in chronic sialadenitis

are much lower than the high rates reported by Walker et
al. [29] and Scott et al. [25] in ductal ligation, and this is
possibly due to adaptation to a chronic damaging process
and to an obstruction that is intermittent and partial in
sialadenitis.

Despite the capacity for intrinsic cellular proliferation,
chronic sialadenitis eventually leads to progressive glan-
dular atrophy, characterised by a loss of acinar cells with
preservation of the intercalated ducts and myoepithelial
cells (Fig. 4) [11, 12, 13, 14, 15, 21, 23, 25, 26, 28]. A
gradual transformation of acinar cells during severe
glandular damage into a less differentiated type of cell,
similar to the intercalated ductal cells, has long been
postulated. Convincing support for this kind of dediffer-
entiation of acinar cells is derived from ultrastructural
studies [12, 13, 15, 21, 23, 27, 28, 29] and from the
gradual gain of CK7 expression, which is seen in atrophic
salivary parenchyma of man [18]. This gradual dediffer-
entiation, together with the increased apoptotic loss of
acinar cells, is likely to contribute to the predominant
atrophy of acini, which occurs in spite of increased acinar
proliferation [25, 29].

The synthesis of data from animal models [7, 8, 10, 25,
29], our previous investigation on reactive metaplasia in
human glands [18] and the present investigation of
sialadenitis supports the following principles for glandu-
lar regeneration: (1) The physiological regeneration of the

Fig. 4 Schematic illustration of the cellular alterations and proliferation in chronic sialadenitis compared with the normal salivary gland,
focusing in the present investigation on acini and intercalated ducts
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acini and intercalated ducts is based on a low baseline
proliferation of mature acinar cells, intercalated ductal
cells and myoepithelial cells with a capacity for greatly
increased proliferation in the presence of noxious stimuli.
(2) The basal cells harbour an important role in the central
duct segment as reserve cells for the physiological
regeneration of luminal columnar cells and for a pluridi-
rectional differentiation into several types of reactive
epithelial metaplasia. This function of basal cells, how-
ever, obviously is restricted to the striated and excretory
ducts. (3) There is a lack of support for the previously
prevailing postulate of a predominant role for putative
uncommitted stem cells in parenchymal regeneration.

Although the basic principles of cellular proliferation
are likely to be universal [4, 6, 18], the complex
mechanisms of physiological cellular regeneration, reac-
tive metaplasias and, presumably, also pluriform tumor-
igenesis of salivary glands are likely to be a consequence
of their unique and complex cellular composition. With
regard to clinical implications, the low baseline and
profound inducible capacity for intrinsic glandular regen-
eration represents a biological basis for the good func-
tional results from conservative therapies of chronic
sialadenitis [1, 3, 20]. This offers hope for novel
therapeutic strategies designed to restore impaired sali-
vary function.
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Abstract Microvascular hyperpermeability to plasma
proteins via vascular endothelial growth factor (VEGF)
with endothelial nitric oxide synthase (eNOS) induction
may contribute to wound healing through matrix remod-
eling. However, vascular hyperpermeability is not exam-
ined in acute renal failure (ARF), a unique form of wound
healing. Subcutaneous injection of gentamicin (400 mg/kg
per day for 2 days in divided doses every 8 h) in rats
increased serum creatinine levels and induced tubular
damage, which peaked at day 6, after the last gentamicin
injection. Ki67-positive regenerating proximal tubules
(PTs) peaked in number at day 6 and almost covered the
bare tubular basement membrane (TBM) by day 10.
Staining of fibrinogen and plasma fibronectin began to
increase in the peritubular regions as early as day 0,
steadily increased in TBM and tubular lumen until day 6
and then decreased. Hyperpermeable peritubular capillar-
ies were identified by extravasation of perfused-fluores-
ceinated dextran (both 70 kDa and 250 kDa) into
peritubular regions as early as day 0 and prominently into
TBM and tubular lumen at day 6. Electron microscopy
further suggested the intraendothelial pathway of dextran.
Immunoreactive VEGF increased in the damaged and
regenerating PTs. Immunoreactive VEGF receptors-1 and
-2 did not change, but immunoreactive eNOS increased in
the peritubular capillaries after induction of ARF. Western
blotting for VEGF and eNOS supported the immunostain-
ing findings. In addition, we assessed the effects of NOS
inhibitor N-nitro-l-arginine methyl ester (l-NAME) on
vascular hyperpermeability during the recovery phase of
this model. Treatment with l-NAME (s.c. at a dose of
100 mg/kg/day from day 3 to day 6) decreased extrava-
sation of perfused-250-kDa dextran and significantly
inhibited the regenerative repair of PTs at day 6 when

compared with vehicle-treated rats. In conclusion, plasma
protein extravasation occurred, leading to matrix remod-
eling, such as the process of wound healing during the
tubular repair in gentamicin-induced ARF. Since VEGF-
induced vascular hyperpermeability may depend on NO
production, VEGF/VEGF receptor system with eNOS
induction might be responsible for this process.

Keywords Hyperpermeability · VEGF · Gentamicin ·
Acute renal failure · Nitric oxide · eNOS

Introduction

Microvascular hyperpermeability to plasma proteins (par-
ticularly fibrinogen and fibronectin) is a characteristic
feature of normal wound healing and may contribute to
wound healing through matrix remodeling [9, 12]. Ex-
travasated fibrinogen clots to form a fibrin gel into which
other plasma proteins, notably fibronectin, may be incor-
porated [45]. The interaction of fibronectin with fibrin
and its incorporation into fibrin clots are thought to be
important for the formation of a provisional matrix that
promotes cell adhesion and migration [10, 22]. In this
regard, the repair of tubular cells after acute renal failure
(ARF) is a unique form of wound healing and a well-
ordered response to ischemic or toxic injury characterized
by diverse cellular activities, which include inflammation,
cell migration and matrix deposition or remodeling [2, 41,
42]. However, plasma protein extravasation in relation to
the cellular recovery after ARF is poorly understood.

Since vascular endothelial growth factor (VEGF) is
mitogenic, angiogenic and a potent mediator of vascular
permeability [8, 14], it is recognized as an important
cytokine in wound healing [6, 31]. Nitric oxide (NO)
production through NO synthase (NOS) by VEGF is
known to play a critical role in VEGF-induced angiogen-
esis and vascular hyperpermeability [30, 46], and endo-
thelial NOS (eNOS) may play a predominant role in this
process [15]. VEGF also acts as a maintenance factor on
endothelial cells by stimulating anti-apoptotic actions [16]
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and as a chemotactic factor for monocytes. VEGF can
function via two specific receptors, VEGF receptor-1 (Flt-1)
and VEGF receptor-2 (Flk-1) [14, 39], which are pre-
dominantly expressed on endothelial cells [36].

In the kidney, VEGF is expressed in the visceral
epithelial cells of glomeruli, proximal and distal convo-
luted tubules [29] and can induce nephrogenesis and
vasculogenesis [43]. VEGF is also essential for endothe-
lial-cell survival and repair during the course of glomer-
ular disease models [26], remnant kidney model [20],
obstructive nephropathy [32] and ischemic ARF model
[19]. Peritubular capillaries surrounding proximal tubules
(PTs) are one of the most fenestrated and permeable
capillary networks in the body [33]. In this regard, Breier
et al. [3] postulated that VEGF secreted from epithelial
cells is involved in the maintenance of fenestrae in the
endothelium. Thus, it is possible that an enhanced VEGF/
VEGF receptor pathway between PT and peritubular
capillary endothelium could enhance the filtering function
of the peritubular capillaries by structural modifications
of the endothelium under cer-tain pathological conditions.
The present study was designed to characterize hyper-
permeability of peritubular capillaries to plasma proteins
during gentamicin-induced ARF in rats. This model is a
well-established toxic ARF model known to induce PT
damage followed by recovery mainly in the renal cortex
[23]. To better understand the underlying mechanisms
responsible for hyperpermeability of peritubular capillar-
ies, we assessed the expression levels of VEGF, VEGF
receptors and eNOS as well as structural alterations in
peritubular capillary endothelium and localization of
infused dextran throughout the disease periods. In addi-
tion, we investigated the role of NO on vascular hyper-
permeability during the recovery phase of this model by
inhibiting NOS.

Materials and methods

Induction of gentamicin-induced ARF

A total of 79 male Wistar rats (200–250 g, SLC, Shizuoka) were
used in the present study. Rats (n=44) were injected subcutaneously
with 400 mg/kg body weight/day of gentamicin sulfate solution
(Sigma-Aldrich Co., St. Louis, MO) for 2 days in divided doses
(every 8 h) and were sacrificed before gentamicin administration

and 8 h (day 0), day 2, day 6 and day 10 after the end of gentamicin
administration. Five rats at each time point and five normal rats as
controls were anesthetized with intraperitoneal pentobarbital sodi-
um (30 mg/kg), and a blood sample was collected from the
abdominal aorta. Then both kidneys were removed after flushing
phosphate-buffered saline (PBS) for immunohistochemistry, im-
munofluorescence study and Western-blot analysis. Serum creat-
inine level was measured using the enzymatic method (Mizuho
Med., Saga, Japan). For the study of microangiography and electron
microscopy, six rats at each time point and six normal rats were
used, respectively. As additional controls, eight rats were given a
comparable amount of saline subcutaneously instead of gentamicin
solution, and two rats at each time point were served for
microangiography.

NO inhibition study

To investigate the role of NO on vascular hyperpermeability during
the recovery phase of this model, NOS inhibitor N-nitro-l-arginine
methyl ester (l-NAME, Sigma-Aldrich Co., St. Louis, MO)
(100 mg/kg/day, s.c., n=8) or its vehicle saline (n=8) was
administered to rats with gentamicin-induced ARF from day 3 to
day 6, the last dose being given 1 h prior to sacrifice at day 6.
Kidneys from the l-NAME group (n=5) and the vehicle group
(n=5) were served for immunohistochemistry for Ki67 and a
blood sample for measurement of serum creatinine level. Rats of
l-NAME group (n=3) and vehicle group (n=3) were subjected to
microangiography with fluorescein isothiocyanate (FITC)-labeled
dextran (250 kDa).

Tissue processing

The harvested kidneys were bisected through the longitudinal axis,
and some were cut into smaller pieces. They were fixed with 10%
neutral-buffered formalin, 4% paraformaldehyde or methacarn
solution and then were embedded in paraffin. Portions of renal
cortex were snap frozen in cold n-hexane and stored at �70�C for
immunofluorescence studies and Western-blot analysis.

Histochemistry and immunohistochemistry

For histopathological examination, 4-�m-thick paraffin sections
were stained with periodic acid-Schiff (PAS). To detect VEGF,
VEGF receptors-1 and -2, eNOS, rat endothelial cell antigen
(RECA)-1, Ki67 and ED1 paraffin sections were first incubated
with normal serum matched to the species for secondary antibodies.
After incubation with the primary antibodies listed in Table 1,
sections were reacted with biotin-conjugated donkey anti-rabbit
IgG (Chemicon International Inc., Temecula, CA) or donkey anti-
mouse IgG (Chemicon) for 30 min at room temperature. Then,
streptavidin-conjugated peroxidase (Nichirei, Tokyo, Japan) was
added for 30 min. After washing in PBS, the reaction products were

Table 1 Antibodies used to detect specific antigens in paraffin-embedded kidney sections. VEGF vascular endothelial growth factor,
eNOS endothelial nitric oxide synthase, RECA rat endothelial cell antigen

Primary antibodies Supplier

Rabbit polyclonal antibody against a peptide corresponding to amino acids
1–140 of VEGF; recognizes the 165, 189 and 121 amino acid splice variants
of VEGF (VEGF-147, sc-507)

Santa Cruz Biotechnology, Santa Cruz, CA, USA

Mouse monoclonal antibody against VEGF121 (VEGF Ab-5) Oncogene, Boston, MA, USA
Rabbit polyclonal antibody against Flt-1 as VEGF receptor-1 (Flt-1 C-17, sc-316) Santa Cruz Biotechnology, Santa Cruz, CA, USA
Rabbit polyclonal antibody against Flk-1 as VEGF receptor-2 (Flk-1 C-20, sc-315) Santa Cruz Biotechnology, Santa Cruz, CA, USA
Mouse monoclonal antibody against eNOS Transduction Laboratories, Lexington, KY, USA
Mouse monoclonal antibody against rat RECA-1 as endothelial cell marker Serotec, Oxford, UK
Mouse monoclonal antibody against Ki67 as cell proliferation marker Novocastra Laboratories, Newcastle upon Tyne, UK
Mouse monoclonal antibody against ED1 as rat monocytes/macrophages Serotec, Oxford, UK
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visualized using incubation with a diaminobenzidine detection kit
(Nichirei).

Double immunostaining for RECA-1 and Ki67 was performed
to evaluate the proliferative activity of peritubular capillary
endothelium. After staining with RECA-1, sections were treated
with microwave oven heating for 10 min in 0.01 M sodium citrate,
pH 6.0, at 800 W and then were incubated with Ki67 as above and
with donkey polyclonal biotinylated antibody against mouse IgG.
Then NiCl2 reagent (Vector Laboratories, Burlingame, CA) was
added to obtain a dark blue staining color.

Histopathological control sections were treated as above except
for omitting the primary antibodies or replacing the primary
antibodies with normal mouse or rabbit IgG at equivalent concen-
trations.

Immunofluorescence studies

Immunofluorescence studies were performed on 4-�m-thick cryo-
stat sections fixed in cold acetone. Direct immunofluorescence was
performed with FITC-labeled goat polyclonal antibody against
human fibrinogen (ICN Pharmaceuticals Inc., Aurora, OH). Indirect
immunofluorescence was performed with rabbit polyclonal anti-
body against rat plasma fibronectin (from rat plasma; Chemicon)
and then followed by FITC-labeled donkey anti-rabbit IgG
(Chemicon). The staining intensity was determined semi-quantita-
tively using a grading system of scales: �, +, ++ and +++.

Microangiography

Microangiography was performed using the method of Pillebout et
al. [35] with minor modifications. Briefly, 38 rats were anesthetized
with ether, and the ventral aspect of both kidneys was exposed
through a middle incision of the abdomen. Then rats were subjected
to intrajugular injection of FITC-labeled dextran (size, 70 kDa or
250 kDa, Sigma Chemicals Co., St. Louis, MO) (100 �g/g of body
weight) in isotonic saline. Next, 60 s after injection, the kidneys
were removed and immediately fixed overnight in 4% formalin. We
chose the time point of sacrifice 60 s after injection since
preliminary examinations showed that fluorescence decreased in
renal vessels after 60 s, and only faint fluorescence was left in renal
vessels in the cortex after 30 min. Other portions of the kidney were
used for electron microscopic examination, while additional por-
tions were paraffin embedded, and 4-�m thick sections were cut,
deparaffinized and observed with a fluorescent microscope (B�50,
Olympus, Tokyo).

Transmission electron microscopy

Small portions of 4% formalin-fixed renal tissues from FITC-250-
kDa dextran-infused rats were further fixed in 2% glutaraldehyde in
0.1 M phosphate buffer (pH 7.4) for 2 h, postfixed in 1% osmium
tetroxide resolved in the same buffer for 1 h and then embedded in
Epon. Ultra-thin sections were counterstained with uranyl acetate
and lead citrate and then examined under an electron microscope
(JEM-1220, JEOL, Japan).

Western blot analysis of VEGF and eNOS

Immunoblotting was repeated at least three times with samples
from a minimum of four animals for each time point and condition.
Frozen kidney cortex was dissolved in radioimmunoprecipitation
buffer (25 mM Tris-HCl, pH 7.4; 150 mM NaCl; 0.5% deoxy-
chlolic acid; 0.5% Triton-X100 and 0.1% sodium dodecyl sulfate)
at 4�C containing 1 mM phenylmethylsulfonyl chloride, 1 �g/ml
aprotinin, 1 �g/ml leupeptin and 1 �g/ml pepstatin A. Equal
amounts of proteins (40 �g) were loaded for sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. After electrophoresis,
those proteins were electroblotted onto nitrocellulose membranes.

The membranes were subsequently washed three times for 10 min
each in Tris-buffered saline (TBS)-T (20 mM Tris-HCl, pH 7.6;
150 mM NaCl; and 0.1% Tween-20), incubated in TBS-T contain-
ing 2% skim milk for 1 h at room temperature to block non-specific
binding and subsequently incubated with the primary antibody
(VEGF-147 or eNOS) overnight at 4�C. After the membranes were
washed three times for 10 min each, they were incubated with
horseradish peroxidase-conjugated donkey anti-rabbit antibody
(OEM concept, Toms Rover, NJ) or sheep anti-mouse antibody
(Amersham Life Science, Buckinghamshire, UK), diluted appro-
priately in TBS-T containing 2% skim milk for 1 h at room
temperature. Antibodies bound to membrane-immobilized proteins
were visualized using enhanced chemiluminescence (ECLTM,
Amersham).

Morphometric analysis of PT cells and immunoreactive cells

To determine the number of PT cells, reflecting a balance of tubular
cell death and tubular cell proliferation, we counted the number of
nuclei in epithelial cells in cross-sections of the PTs in the cortex
using PAS-stained sections and calculated the number of cells per
tubular cross-section. The number of Ki67-positive PT cells and
interstitial cells in the cortex was counted at �400 magnification. In
addition, the number of ED1-positive cells in the interstitium was
counted at �400 magnification. The number of immunoreactive
cells in each rat represented the average number of 40 fields
examined and the mean number before and at days 0, 2, 6 and 10,
after induction of ARF was displayed in histograms. When double
immunostaining of RECA-1 and Ki67 was performed, the total
number of Ki67/RECA-1-double-positive cells among RECA-1-
positive cells was counted in 40 randomly selected fields of the
cortex at �400 magnification before and at day 2 and day 6 after
induction of ARF, and the mean percentage of RECA-1/Ki67-
positive cells was calculated at each time point.

Statistical analysis

Data are expressed as mean€SD. Differences between data sets were
determined by one-way analysis of variance followed by Fisher’s t-
test. Comparison between values for l-NAME group and vehicle
group was performed using paired t-test. A P level <0.05 was
accepted as statistically significant. All statistical analyses were
performed using Statview (Abacus Concept, Inc., Berkeley, CA).

Results

Gentamicin-induced ARF

Serum creatinine increased significantly as early as day 2
after the end of gentamicin administration (P<0.001
versus level before induction of ARF) and reached a peak
value at day 6 (P<0.001 versus level before induction of
ARF), then decreased afterward (Fig. 1). Damage of the
PTs in the cortex was detected as early as day 0, showing
vacuolization, abnormal accumulation of PAS-positive
inclusions. Furthermore, frank necrosis of PTs could be
found at day 2 and day 6 as reported previously by others
[20], and denuded tubular basement membrane (TBM)
was most prominent at day 6 (Fig. 2A, B, C). However,
regenerating PTs were found at day 6, which were
characterized as flat elongated cells with basophilic
cytoplasm and dilated lumen (Fig. 2C). These cells
almost covered the entire bare TBM by day 10, when PTs
became taller with brush-border (Fig. 2D). The density of
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PT cells in the cortex decreased significantly as early as
day 0 and progressively decreased by day 6, then
increased over the baseline level at day 10 (Fig. 3).

Immunohistochemistry

Immunoreactive VEGF-147 was detected in the cyto-
plasm of the distal tubules and glomerular epithelial cells

and weakly in the cytoplasm and brush-border of PTs in
untreated kidneys (Fig. 4A). After induction of ARF,
staining of VEGF-147 in PTs was increased as a granular
pattern in the cytoplasm as early as day 0 (Fig. 4B, C). In
addition to the cytoplasmic staining, staining of VEGF-
147 was also found in the apical side of regenerating PTs
at day 6 (Fig. 4D). By day 10, staining pattern of VEGF-
147 almost returned to the level seen in untreated kidneys
(Fig. 4E). VEGF-147 staining along the peritubular
capillaries was not seen throughout the experimental
period (Fig. 4A, B, C, D, E). Immunoreactive VEGF Ab-5
showed a staining pattern similar to that of VEGF-147
(Fig. 4H, I, J). In untreated kidneys, immunoreactive
VEGF receptors-1 (Flt-1) and -2 (Flk-1) were similarly
identified in the peritubular capillaries and glomerular
endothelium, in the cytoplasm of the distal tubules and in
the brush-border of PTs (Fig. 4K, P). The staining
intensity of the peritubular capillary endothelium did not
change after induction of ARF (Fig. 4L, M, N, O, Q, R, S,
T). However, newly expressed VEGF receptors-1 and -2
were found in the regenerating PTs at day 6 (Fig. 4S), and
the staining pattern was shifted to the apical side of the PT
at day 10 (Fig. 4T).

When primary antibodies were replaced with normal
IgGs of the corresponding animals, no significant staining
was observed in both normal control (Fig. 4F) and
experimental sections (Fig. 4G). Immunoreactive eNOS
was found intensely in the glomerular endothelium and
slightly in the peritubular capillary endothelium of
untreated kidneys (Fig. 5A). After induction of ARF,
intense staining for eNOS in the glomerular endothelium
was not changed; however, induction of ARF was
associated with a marked increase in staining for eNOS
in peritubular capillaries as early as day 0 and was
persistently high until day 10 (Fig. 5B, C, D, E).
However, immunoreactive RECA-1 was identified in
peritubular capillaries and glomerular endothelium in
untreated kidneys (Fig. 5F). After induction of ARF, the

Fig. 1 Serial changes in serum creatinine before and after induction
of gentamicin-induced acute renal failure (ARF). Data represent the
mean€SD values of five animals. C Before induction of ARF.
Asterisk P<0.001 versus before induction of ARF. Arrows indicate
the time of gentamicin injection

Fig. 2 Photomicrographs of periodic acid-Schiff (PAS)-stained
sections in the cortex of a representative normal control rat (A)
and rats at days 2 (B), 6 (C) and 10 (D) after induction of acute
renal failure. At day 2, some proximal tubule (PT) cells showed
vacuolization, abnormal accumulation of PAS-positive inclusions
and necrosis (B). Damaged PTs with denuded tubular basement
membrane (TBM) (arrowheads) were almost maximally distributed
in the cortex at day 6, and regenerating PTs characterized by flat
elongated morphology with basophilic cytoplasm and a dilated
lumen were also found (asterisks) (C). The regenerating PTs with
brush-border almost covered bared TBM at day 10 (D). Original
magnification, �400 (A–D)

Fig. 3 Serial changes in the number of tubular epithelial cells per
cross-section of proximal tubules in the renal cortex. Data represent
mean€SD values of five animals. C Before induction of acute renal
failure (ARF). Asterisk P<0.001 versus before induction of ARF
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staining was slightly decreased segmentally in some
capillary endothelium only at day 6 (Fig. 5G, H, I, J).

The number of Ki67-positive regenerating PT cells
was significantly increased at day 6 and then was
markedly decreased (Fig. 5K, L and Fig. 6). The number
of Ki67-positive interstitial cells was significantly in-
creased at day 2 and reached a peak level at day 6
(Fig. 5K, L and Fig. 6).

Double immunostaining of RECA-1 and Ki67 showed
that the majority of RECA-1-positive peritubular capillary
endothelial cells were negative for Ki67 (Fig. 5M). The
mean percentage of RECA-1/Ki67-double-positive endo-
thelial cells among RECA-1-positive endothelial cells
was 0.58% in normal controls, 0.63% at day 2 and 0.98%

at day 6, indicating a low proliferative activity of RECA-
1-positive peritubular capillary endothelial cells.

ED1-positive monocytes/macrophages were found
only occasionally in the interstitium in untreated kidneys
(data not shown). The number of ED1-positive cells was
significantly increased as early as day 2, reached a peak
level at day 6 and then decreased (Fig. 5N, O and Fig. 7)
at day 10, although it was still higher than the baseline.

Immunofluorescence findings

Immunoreactive fibrinogen in the normal kidneys was
almost confined to small areas in the peritubular capil-

Fig. 4 Representative photomicrographs of immunostaining for
vascular endothelial growth factor (VEGF)147 (A–E), VEGF Ab-5
(H–J), VEGF receptor-1 (Flt-1) (K–O) and VEGF receptor-2
(Flk-1) (P–T) in the renal cortex in rats before induction of acute
renal failure (ARF) (A, F, H, K, P) and at days 0 (B, L, Q), 2 (C,

G, I, M, R), 6 (D, J, N, S) and 10 (E, O, T) after induction of ARF.
Histopathological control sections in the normal control rat (F) and
the experimental rat at day 2 (G). Arrowheads immunoreactive
peritubular capillaries, P proximal tubules, D distal tubules, G
glomerulus. Original magnification, �400 (A–O)
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laries in the cortex (Fig. 8A) and increased in the
peritubular regions as early as day 0 (Fig. 8B). Deposition
of fibrinogen was identified in TBM and the tubular
lumen at day 2 (Fig. 8C), reached a peak level at day 6
(Fig. 8D) and then markedly decreased (Fig. 8E). Immu-
nostaining pattern of plasma fibronectin was similar to
that of fibrinogen (Fig. 8F, G, H, I, J); however, staining
of the TBM was already identified at day 0 (Fig. 8G).
Table 2 summarizes the immunofluorescence findings.

Microangiography

In the normal kidneys, we observed fluorescence of
infused-FITC-labeled dextran (both 70 kDa and 250 kDa)
in peritubular vessels (Fig. 9A, F) and prominently in
glomerular capillaries (not shown) in the renal cortex.
After induction of ARF, such fluorescence increased in
the peritubular regions and TBM as early as day 0

Fig. 5 Photomicrographs of
immunostaining for endothelial
nitric oxide synthase (A–E), rat
endothelial cell antigen
(RECA)-1 (F–J), Ki67 (K, L),
RECA-1/Ki67 (M) and ED1 (N,
O) in the renal cortex in rats
before induction of acute renal
failure (ARF) (A, F) and at
days 0 (B, G), 2 (C, H, K, N), 6
(D, I, L, M, O) and 10 (E, J)
after induction of ARF. Ki67-
positive interstitial cells (ar-
rows) and proximal tubule cells
(double arrows) at day 2 (K)
and day 6 (L). Double immu-
nostaining of RECA-1 and
Ki67 at day 6 (M), showing that
most RECA-1-positive per-
itubular capillary endothelial
cells (arrowheads) were nega-
tive for Ki67 (dark blue nucle-
us). ED1-positive monocyte/
macrophages (arrows) in the
interstitium at day 2 and day 6
(N, O). Arrowheads immuno-
reactive peritubular capillaries,
P proximal tubules, D distal
tubules, G glomerulus. Original
magnification, �400 (A–O)

Fig. 6 Density of Ki67-positive cells in proximal tubule and
interstitium (number per field in the cortex). Data represents
mean€SD values of five rats. C Before induction of acute renal
failure. Asterisk P<0.001 versus normal control, number sign
P<0.001 versus normal control
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(Fig. 9B, G) and in the tubular lumen at days 2–6
(Fig. 9C, D, H, I). Extravasation of dextran reached peak
levels at day 6 (Fig. 9D, I) and then markedly decreased at
day 10 (Fig. 9E, J). Only weak fluorescence was found in
some Bowman’s spaces in 70-kDa-dextran-infused nor-
mal rats, but not in 250-kDa-dextran-infused normal rats;
however, there was no evidence for increased fluores-
cence in Bowman’s spaces after induction of ARF (not
shown). Extravasation of both sizes of dextran was almost
confined to the cortex throughout the course of ARF. The
fluorescence findings of infused-FITC-labeled dextran
(both 70 kDa and 250 kDa) in peritubular vessels and
glomerular capillaries were similar in normal control rats
and vehicle saline injected rats at days 0, 2, 6 and 10 (not
shown). Table 2 provides a summary of these findings.

Ultrastructural findings
of 250-kDa-dextran-infused kidneys

Electron microscopy showed almost intact peritubular
capillary endothelial lining without detachment or des-
quamation during the experimental period (Fig. 10A, B,
C, D). Although some parts of endothelial cytoplasm
became hypertrophic or swollen as early as day 2, no
apparent alteration of fenestrae was evident in the
attenuated parts of the endothelium (Fig. 10B, C, D). In

normal kidneys, TBM and the basement membrane of the
endothelium could be clearly distinguished. However,
after induction of ARF, the basement membrane of the
endothelium became obscure and somewhat thickened
(Fig. 10B, C, D) and could not be clearly separated from
TBM (Fig. 10D), suggesting the accumulation of plasma
proteins and/or extracellular matrices in the peritubular
regions and TBM.

In normal control kidneys, 250-kDa dextran was
confined to the capillary lumen (Fig. 10A). At days 2–
6, dextran was often found in clusters in the cytoplasm of
endothelial cells, in peritubular regions and in TBM
(Fig. 10B, C, D), where regenerating PTs could be found
(Fig. 10D). At days 2–6, dextran could be also found in
the tubular lumen, where PTs were severely damaged or
disappeared (Fig. 10C). The amount of extravasated
dextran was markedly decreased at day 10 (not shown).

Western-blot analysis

VEGF-147 blots demonstrated that expected VEGF iso-
forms, VEGF164 and VEGF188, were identified by their
molecular weight as ~23 kDa and ~30–31 kDa, respec-
tively (Fig. 11A). After induction of ARF, VEGF levels
markedly increased and remained at high levels until
day 10 (Fig. 11A). eNOS blots demonstrated that the band
of the expected size (~140 kDa) was minimal in normal
control kidney and markedly increased after induction of
ARF, but transiently reduced at day 2 (Fig. 11B).

NO inhibition study

In l-NAME-treated rats, we observed reduced fluores-
cence of infused-FITC-labeled dextran (250 kDa) in
the peritubular regions and TBM and in the tubular
lumen compared with vehicle-treated rats at day 6
(Fig. 12A, B), suggesting that inhibition of NO during
the repair phase of this model resulted in decrease in
vascular hyperpermeability. In l-NAME-treated rats
(n=5), serum creatinine level was significantly increased
at day 6 and the number of Ki67-positive regenerating PT
cells (Fig. 12C, D) was significantly reduced compared
with vehicle-treated rats at day 6 (n=5) (serum creatinine;
3.91€ 0.62 mg/dl in vehicle group, 5.39€1.09 mg/dl in

Fig. 7 Morphometric analysis of the number of interstitial ED1-
positive monocytes/macrophages in the renal cortex. Data represent
mean€SD values of five rats. C Before induction of acute renal
failure. Asterisk P<0.001 versus normal control

Table 2 Findings of immuno-
fluorescence studies and mi-
croangiography. Control before
induction of acute renal failure
(ARF). Staining intensity: �
negative, + weak, ++ moderate,
+++ strong. TBM tubular base-
ment membrane, FITC fluores-
cein isothiocyanate

Staining
pattern

Control Days after injection of gentamicin

0 2 6 10

Fibrinogen Peritubular + ++ ++ +++ +
TBM � � +* ++* �

Plasma fibronectin Peritubular + ++ ++ +++ +
TBM � + ++* +++* �

FITC dextran (70 kDa) Peritubular + ++ +++ +++ ++
TBM � + ++* +++* +

FITC dextran (250 kDa) Peritubular + + ++ +++ ++
TBM � + ++* +++* �

* In tubular lumen
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l-NAME group, P<0.05, the number of Ki67-positive
regenerating PT cells per field; 22.7€2.7 in vehicle group,
17.6€2.0 in l-NAME group, P<0.05), indicating that
inhibition of NO is linked to the inhibition of regenerative
repair.

Discussion

In the present study, induction of ARF resulted in
extravasation and deposition of fibrinogen (molecular
weight, 340 kDa) and plasma fibronectin (molecular

weight, 220 kDa), which reached peak levels on day 6,
coinciding with the peak number of Ki67-positive regen-
erating PT. The presence of hyperpermeable peritubular
capillaries was confirmed by the extravasation of injected
FITC-labeled dextran (both 70-kDa and 250-kDa dex-
tran), and the injected dextran was also found in the TBM
and tubular lumen mainly at days 2–6, indicating that
circulating macromolecules of about 250 kDa molecular
weight could leak through the peritubular capillaries into
the peritubular regions and modify the TBM, on which
PTs actively regenerated. It is also possible that some
circulating macromolecules reach the tubular lumen via

Fig. 8 Photomicrographs of
immunofluorescence for fibrin-
ogen (A–E) and plasma fibro-
nectin (F–J) in the renal cortex
of control rats [before induction
of acute renal failure (ARF), A,
F] and at days 0 (B, G), 2 (C,
H), 6 (D, I) and 10 (E, J) after
induction of ARF. Immunoflu-
orescence of fibrinogen and
plasma fibronectin in the nor-
mal kidneys was almost con-
fined to the small areas in the
peritubular capillaries in the
cortex (A, F), but increased in
the peritubular regions as early
as day 0 (B, G), and found in
tubular basement membrane
(TBM) and the tubular lumen at
days 2–6 (C, D, H, I). However,
TBM staining pattern of plasma
fibronectin was already found at
day 0 (G). These staining pat-
terns reached peak levels at
day 6 (D, I), then decreased at
day 10 (E, J). Original magni-
fication, �400 (A–J)
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damaged and/or desquamated PTs in our model, as
suggested in the post-ischemic rat kidney by Zuk et al.
[47].

In wound healing, extravasated fibrinogen clots to
form a fibrin gel into which other plasma proteins may be
incorporated [45]. Fibrin is thought to be an essential
component of the provisional matrix that supports cell–
cell and cell–matrix interactions occurring during tissue
remodeling and promotes the migration and proliferation
of inflammatory cells, endothelial cells and interstitial
cells participating in tissue repair [7, 10, 22]. The
interaction of fibronectin with fibrin and its incorporation

into fibrin clots are also important processes that promote
cell adhesion and migration during wound healing [10,
22]. Fibrin(ogen) may provide a reservoir for cytokines
and growth factors and has been shown to bind with high
affinity to several angiogenic growth factors, including
fibroblast growth factor-2 and VEGF [37, 38]. Therefore,
it is likely that extravasated plasma fibrinogen and
fibronectin acting as the provisional matrix play a role
in tubular recovery after gentamicin-induced ARF.

The expression levels of VEGF and its receptor are
closely regulated during vasculogenesis and angiogenesis,
including wound healing [6, 28]. Capillary hyperperme-

Fig. 9 Fluorescein isothiocyan-
ate-labeled-70 kDa (A–E) and
250-kDa (F–J) dextran mi-
croangiography of renal cortex
in rats before induction of acute
renal failure (ARF) (A, F) and
at days 0 (B, G), 2 (C, H), 6 (D,
I) and 10 (E, J) after induction
of ARF. In normal rats, fluo-
rescence was found in per-
itubular vessels (A, F). After
induction of ARF, fluorescence
was increasingly found in per-
itubular regions and tubular
basement membrane as early as
day 0 (B, G), and in the tubular
lumen at days 2–6 (C, D, H, I).
Extravasation of both types of
dextran reached peak levels at
day 6 (D, I), then markedly
decreased at day 10 (E, J).
Original magnification, �400
(A–J)
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ability is also known to occur during wound healing [9,
12], and VEGF appears to be involved, as evidenced by
the overexpression of its receptor in the endothelium of
regenerating vessels [27, 34]. Our results revealed upreg-
ulation of VEGF-147 protein in the cortex and increased
immunoreactive VEGF-147 and VEGF Ab-5 in the
damaged and regenerating PTs. Although immunoreac-
tive VEGF receptors (Flt-1) and -2 (Flk-1) were not
increased in peritubular capillaries, it is possible that
increased VEGF released from the PTs can play a role in
enhanced permeability via the VEGF/VEGF receptor
system in this model. However, active proliferation of
peritubular capillary endothelial cells was not found based
on the findings of double immunostaining of RECA-1 and

Ki67, suggesting vasculogenesis or angiogenesis may not
be necessary for cellular recovery after ARF.

We also found that eNOS protein was markedly
upregulated in the peritubular endothelium after induction
of ARF. VEGF can induce the expression of eNOS and
inducible NOS (iNOS) in vascular endothelial cells in
vitro [17, 24] and promotes NO production. Murohara et
al. [30] reported that NO and prostacyclin were produced
by the interaction of VEGF with its VEGF receptor-2 as
mediators of VEGF-induced vascular permeability. Fur-
thermore, it is reported that inhibition of in vivo NO
production results in reduced angiogenesis and vascular
permeability induced by VEGF [30, 46] and that eNOS
plays a predominant role in VEGF-induced angiogenesis
and vascular permeability [15]. The data presented in this

Fig. 10 Electron micrographs of renal cortex after 250-kDa dextran
infusion. Localization of dextran particles (arrowheads) was
confined to the peritubular capillary lumen in the normal control
(A). At day 2, dextran particles were found in the peritubular
regions and tubular basement membrane (TBM) (B). At day 6,
dextran particles were found in the tubular lumen (C) and in the

TBM, on which a proximal tubules (PT) cell regenerated (D). Note
that the basement membrane of the endothelium became obscure at
days 2 (B) and 7 (C, D). End peritubular capillary endothelium, bm
basement membrane of the peritubular capillary endothelium,
Asterisk hypertrophic or swollen endothelium. Bars 0.5 �m
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study demonstrated that the NOS inhibitor l-NAME
decreased hyperpermeability of peritubular capillaries
during the recovery phase, suggesting that NO is an
important mediator of vascular hyperpermeability in this
model. However, it is not known whether this is a direct
effect of NO on endothelial cells or whether NO merely
decreases renal blood flow, although it is unlikely that
NO-mediated vascular hyperpermeability is dependent on
increase in blood flow. Thus, our findings that upregu-
lation of VEGF in the PTs and of eNOS in the peritubular
endothelial cells might suggest that NO, which may be

produced through eNOS by VEGF, plays a role in VEGF-
induced peritubular hyperpermeability.

eNOS can be positively or negatively regulated by
several factors, such as protein–protein interactions and
covalent modifications [1]. In this study, immunoreactive
eNOS showed intense staining in both the glomerular
endothelium and the peritubular capillary endothelium
after induction of ARF; however, eNOS blots demon-
strated transient reduction of increased eNOS at day 2. It
is reported that increased reactive oxygen species (ROS)
generation plays a role in the NO-mediated inhibition of
eNOS in endothelial cells [4, 5]. Thus, it might be
possible that ROS generated by PT cells and mesangial
cells during the injury phase of this model could inhibit
eNOS production at day 2, as ROS are considered to be
important mediators of gentamicin-induced nephrotoxic-
ity [11, 25].

l-NAME treatment in this model inhibited the regen-
erative repair of PT as judged by Ki67-positive PT cells
and aggravated renal dysfunction as judged by serum
creatinine level. We postulate that decreased peritubular
hyperpermeability affected, at least in part, the morpho-
logical and functional recovery from gentamicin-induced
ARF. However, l-NAME is a non-selective NOS inhib-
itor [21]; thus, it is difficult to assess the results because
different types of NOS may differently affect cell
viability and function [1]. Moreover, it is also possible
that inhibition of PT regeneration after l-NAME treat-
ment in this model is secondarily caused by disturbance
of NO-dependent regulation of renal hemodynamics and
glomerular function as previously reported in gentamicin-
induced ARF [44].

Due to the persistent expression of VEGF by epithelial
cells adjacent to fenestrated endothelium, it has been

Fig. 11 Western blots of protein from the renal cortex incubated
with antibodies for vascular endothelial growth factor (VEGF)-147
(A) and endothelial nitric oxide synthase (B). VEGF-147 blots (A)
showed weak bands of ~23 kDa (lower arrowhead) and ~30–
31 kDa (upper arrowhead) in normal control, and the bands became
stronger after induction of acute renal failure (ARF) (at days 0, 2, 6
and 10 days). On the other hand, eNOS blots (B) showed bands of
~140 kDa (arrowhead) only after induction of ARF. C Normal
control

Fig. 12 Fluorescein isothiocy-
anate-labeled-250-kDa dextran
microangiography (A, B) and
photomicrographs of immuno-
staining for Ki67 (C, D) in
vehicle-treated (A, C) and l-
NAME-treated (B, D) rats at
day 6 after induction of ARF. G
glomerulus. Arrows Ki67-posi-
tive proximal tubule cells
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hypothesized that VEGF is involved in the maintenance
of fenestrae in the endothelium [3]. While the peritubular
capillary endothelium is fenestrated in normal kidneys,
plasma proteins do not leak freely into the interstitial
regions. The relative contribution of pathways of plasma
protein extravasation through fenestrated endothelial lay-
er is difficult to assess, since leakage of tracer macro-
molecules through these fenestrae cannot be excluded,
even if other pathways, such as open intercellular junc-
tions and transcellular pores, [3] do exist. In the present
study, however, infused 250-kDa dextran could be found
in the cytoplasm of peritubular endothelial cells as well as
in the abluminal side of the adjacent endothelium after
induction of ARF, suggesting the existence of transcel-
lular pathway. However, due to technical limitations of
tissue fixation, the resolution was not sufficient to
evaluate whether dextran in the cytoplasm was extravasat-
ed by the way of vesiculovacuolar organelles [13] in this
study. However, our results showed a significant infiltra-
tion of ED1-positive macrophages into the peritubular
regions from day 2 to day 10. Yet, plasma protein
extravasation was found as early as day 0, and the gap
formation of peritubular capillary endothelium could not
be observed in the cortex.

VEGF is also reported to act as a maintenance factor
on endothelial cells through stimulation of anti-apoptotic
pathways [16], and this function may be implicated in
other renal disease models [18, 40]. Induction of ARF in
our experimental model resulted in hypertrophy or swell-
ing of the peritubular capillary endothelium and slight
reduction in constitutive molecule of rat endothelium,
RECA-1, at day 6, suggestive of sublethal endothelial
damage. Therefore, VEGF might also play a protective
role for peritubular endothelial cells. The exact role of
VEGF in the present model remains to be clarified.

In conclusion, our data suggested that plasma protein
extravasation occurred, leading to matrix remodeling,
such as the process of wound healing during the tubular
repair in gentamicin-induced ARF. VEGF/VEGF receptor
system with eNOS induction might be responsible for this
process.
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Abstract Streptozotocin (STZ) is widely used for the
induction of diabetes in animals by causing destruction of
pancreatic beta cells. This experiment was designed to
elucidate the sequential process of beta-cell destruction in
rats with a single high-dose injection of STZ. At 0, 2, 5, 8
and 24 h after injection, rats were perfused with Krebs-
Ringer buffer with dichlorofluorescein diacetate (DCF-
DA), a marker for free radicals, and the pancreata were
pathologically analyzed. Injection of STZ rapidly elicited
an increase in fluorescence of DCF-DA in beta cells at 2 h
after the injection. The fluorescence was diminished by
carboxy-PTIO, a specific scavenger of nitric oxide (NO),
but not by l-NAME, an inhibitor of NO synthase. During
this process, an inducible form of NO synthase was not
detected. Thereafter, upregulated expression of poly(ADP
ribose) polymerase (PARP) and massive beta-cell death
were detected at 5–8 h after injection. Migration of
macrophages into the islet was conspicuous at 24 h,
clearing up the debris of destroyed beta cells. Nicotina-
mide, a PARP inhibitor, significantly inhibited beta-cell
death without apparent suppression of NO generation at
2 h. The current study documented serial processes of
STZ-induced beta-cell death, starting with NO generation
and PARP activation followed by a clearance with
macrophages, where the activation of PARP plays a
central role in beta-cell death.

Keywords Beta cell · Streptozotocin · Cell death · Nitric
oxide · Poly(ADP ribose) polymerase

Introduction

Streptozotocin (STZ) is a chemical agent widely used for
the induction of diabetes in animals. The agent causes
destruction of pancreatic beta cells, the accompanying
marked reduction of insulin levels and hyperglycemia.
Underlying mechanisms for the STZ-induced beta-cell
death are not entirely understood. Nucleic acid alkylation
[24, 25] or excessive nitric oxide (NO) production [13]
has been proposed to contribute to STZ-induced beta-cell
injury. Indeed, the cytotoxic effect of STZ is exerted
mainly by alkylation of genomic DNA [24, 25]. During
this process, poly(ADP ribose) polymerase (PARP) is
activated to play a key role in the destruction of beta cells
[5, 14, 25]. However, it has also been shown that STZ
generates NO [13], which could damage genomic DNA
and may cause beta-cell dysfunction by inhibiting mito-
chondrial enzymes [12, 19]. Implication of NO in beta-
cell death is, however, still controversial, as not all studies
confirmed generation of NO after STZ treatment [15].
Temporal changes of rapid beta-cell death and interrela-
tionships of the molecules related to the cell death are
largely unknown in vivo. Since rapid destruction of beta
cells is encountered in patients with fulminant non-
autoimmune type-1 diabetes [8, 9], it would be important
to obtain information on the precise changes of beta cells
undergoing cell death after STZ injection.

The aim of the current experiment is, therefore, to
elucidate the sequential process of rapid beta-cell de-
struction in rats injected with a single high-dose STZ,
with special reference to generation of NO and activation
of PARP.

Materials and methods

Experimental rats and injection of STZ

Male 8- to 10-week-old Wistar rats were used for the experiment.
The body weights ranged from 280 g to 320 g. STZ (Sigma
Chemicals Co, St. Louis, MI, USA) was dissolved in citrate buffer
(pH 4.2) and injected into rats from the tail vein at a dose of 40 mg/
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kg after overnight fasting. At the time of injection (0) and 2, 5, 8
and 24 h after the STZ injection, glucose levels were measured on
the blood from tail tips by glucose oxidase method with plastic
strips of To-Echo Super (Eiken, Kyoto, Japan). At each time point,
five rats each from STZ-injected rats were deeply anesthetized by
pentobarbital (Abbott Laboratories, North Chicago, IL, USA). The
whole blood was obtained from the vena cava, and the sera were
separated by centrifugation. The serum insulin levels were deter-
mined by the enzyme-linked immunosorbent assay kit for rat
insulin (Morinaga, Yokohama, Japan). The experiment followed
the Guidelines for Animal Experimentation, Hirosaki University
(approval number M01012).

In situ detection of free radical

The in vivo free radical generation was detected by the perfusion
method adapted from the method described by Suematsu et al. [17].
Under the deep anesthesia with pentobarbital, a 14-G catheter was
inserted into the abdominal aorta just above the renal arteries, and
the aorta was clumped at the thoracic level. Then, the right cardiac
auricle was cut, and the rats were perfused with 20 ml of Krebs-
Ringer buffer (KRB) gassed with 95% O2 and 5% CO2 to wash out
the blood. Then, KRB with 10 �M dichlorofluorescein-diacetate
(DCF-DA) (Molecular Probe, Eugene, OR, USA) was perfused by
drip infusion from the aorta. The perfusate also contained 100 �M
carboxy-2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide
(carboxy-PTIO, DOJINDO Laboratories, Kumamoto, Japan) or
100 �M l-NAME. After the perfusion, the whole pancreata were
dissected out, fixed in 10% formalin and processed to be embedded
in paraffin. Sections 5 mm thick were counterstained with propid-
ium iodide (Molecular Probe). The sections were observed under
LASER-scan microscopy (LSM-300, Zeiss, Germany). The fluo-
rescence images of the islets were scanned with constant values of
brightness and contrast for the comparison of difference of
fluorescence intensities between samples. From each experimental
rat, images of ten islets were scanned with a 40� objective lens and
stored in a magnetico-optical disk.

Immunostaining

Immunostaining was done on 4-�m-thick paraffin sections. After
deparaffinization and quenching of endogenous peroxidase, anti-
bodies against insulin, glucagon (raised in the author’s laboratory),
an inducible form of NO synthase (Pharmingen, San Diego, CA,
USA), ED1 (Chemicon, Temecula, CA, USA) and PARP (Santa-
Cruz, Santa Cruz, CA, USA) were applied, and the sections were
incubated at 4�C overnight. They were processed with biotin-
streptavidin peroxidase method using an SAB-PO kit (Nichirei,
Tokyo, Japan). The peroxidase activity was visualized with
diaminobenzidine and hydrogen peroxide. Normal pancreas and
lymph nodes were used as positive control, and specificity was
determined in the slides using isotypic primary antibodies.

Terminal dUTP nick end-labeling staining

Terminal dUTP nick end-labeling (TUNEL) staining was done
using Apoptag (Oncor, Gaithersburg, MD, USA). The deparaffin-
ized sections were treated with 0.1% trypsin for 30 min at 37�C.
The labeling was done with reaction solution containing terminal
deoxyribonucleotide transferase and digoxigenin-dUTP. Incorpo-
rated digoxigenin-dUTP was detected by peroxidase-labeled anti-
digoxigenin antibody, and peroxidase activity was visualized with
diaminobenzidine and hydrogen peroxide. For double staining of
TUNEL with insulin, the sections were subsequently treated with
anti-insulin antibody and then processed with an SAB-ALP kit. The
alkaline phosphatase reaction was visualized with naphthol-AS-BI-
phosphate (Sigma Chemicals Co) and hexazotized new fuchsin as
chromogen. The positive reaction was confirmed in dying lym-
phocytes in the lymph nodes, and specificity of the reaction was

determined in the negative reaction without terminal deoxyribonu-
cleotide transferase.

Nicotinamide treatment

To examine the role of PARP on beta-cell death, nicotinamide
(Wako Pure Chemicals Industries, Ltd., Osaka, Japan), a potent
PARP inhibitor, was administrated to the rats. Nicotinamide was
dissolved in physiological saline and given intraperitoneally at a
dose of 350 mg/kg at 10 min before and 3 h after the injection of
STZ [23]. Control rats were given physiological saline. STZ was
injected to rats from the tail vein at a dose of 40 mg/kg. At 2 h and
5 h after injection, five rats each from nicotinamide-treated and
untreated rats injected with STZ were used for the detection of in
situ free radicals and for TUNEL staining and expression of PARP
same as described above. Serum insulin levels were also deter-
mined.

Results

Morphological changes of the beta cells
after STZ injection

At 2 h after STZ injection, islets appeared mostly
unchanged on hematoxylin and eosin stained sections
(Fig. 1A). TUNEL-positive cells were only sparsely
detected in the islets (Fig. 1B). At 5 h after injection, most
of the islet cells were swollen, and the nuclei were
condensed (Fig. 1C). TUNEL stained positively in nearly
all the nuclei of the islet cells (Fig. 1D). The cells were
completely destroyed by 8 h after the injection. At 24 h,
islet areas were filled with numerous macrophages
(Fig. 1E), and TUNEL-positive cells were only sparsely
found (Fig. 1F, arrow).

Double staining of TUNEL and immunostaining with
insulin in the islets 5 h after the injection of STZ depicted
TUNEL-positive reactions exclusively for beta-cells
(Fig. 2A). In contrast to the changes of beta cells, alpha
cells positive for glucagon appeared unaffected (Fig. 2B).
At this time point, ED1-positive macrophages were found
only sparsely in the islets (Fig. 2C). At 24 h, there were
numerous ED1-positive macrophages in the islets, occu-
pying the central area of the islets (Fig. 2D).

Changes of blood glucose levels and insulin levels

The changes of blood glucose and serum insulin levels
were shown in Table 1. At 2 h after injection, blood
glucose levels were increased by 2.5-fold of the basal
level, and the insulin levels were slightly decreased. At
5 h, blood glucose levels were close to the basal level, but
insulin levels were increased 8.7-fold. Some rats exhib-
ited hypoglycemia below 4.4 mM at 5 h and 8 h. The
blood glucose levels were exceeded 30.0 mM, accompa-
nied by a 50% decrease in insulin levels at 24 h.

376



Generation of free radicals

Free radical formation in the islets was monitored by
fluorescence intensity of DCF-DA under LASER scan
microscopy. There was background fluorescence of DCF-

DA in acinar cells, and the fluorescence in islet cells was
only a trace level (Fig. 3A). At 2 h after the injection, an
increase in fluorescence was observed in the islets and
acinar cells as well (Fig. 3B). The increase appeared to be
more conspicuous in islet cells compared with the

Fig. 1 Time-course change of pancreatic islets. A, B At 2 h. C, D
At 5 h. E, F At 24 h. F At 24 h, terminal dUTP nick end-labeling
(TUNEL)-positive cells were found very sparsely (arrow). A, C, E

Hematoxylin and eosin. B, D, F Double-stained with TUNEL
(stained black) and anti-insulin immunostaining (stained pink)

Table 1 Temporal change of
blood glucose and serum insulin
levels

0 2 h 5 h 8 h 24 h

Blood glucose (mM) 5.9€0.7 14.9€4.1 6.4€1.8 8.0€2.2 31.3€2.6
Serum insulin (pg/ml) 473€126 396€252 4146€2183 2285€280 259€43
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fluorescence in acinar cells. The fluorescence was de-
tected diffusely in the cytoplasm of beta cells. In contrast,
the fluorescence in islets returned to background level at
5 h and 8 h (not shown). At 24 h after injection, strong
dot-like fluorescence was detected in the macrophages
infiltrating into the islets (Fig. 3C). The fluorescence
observed in beta cells at 2 h was reduced when rats were
perfused with combination of DCF-DA and carboxy-
PTIO (Fig. 3D). The fluorescence intensity was unaffect-
ed in rats with combined perfusion with DCF-DA and l-
NAME (Fig. 3E). Throughout the observation period,
immunostaining did not reveal the expression of inducible
nitric oxide synthase (iNOS) in the islets, whereas a weak
reactivity was found in vascular endothelial and smooth
muscle cells (Fig. 3F). The localization of fluorescence in
the islet (Fig. 3G) was identified as the cells positive for

insulin (Fig. 3H) using the immunostaining on the same
sections used for LASER observations.

PARP activation in beta cells
and effects of nicotinamide treatment

Beta cells at time 0 showed only weak positive reactions
for PARP (Fig. 4A). When rats were injected with STZ,
expression of PARP became intensified at 5 h and 8 h
after the injection (Fig. 4B). The upregulated PARP
expression was detected in the cytoplasm and also located
on the nuclei (Fig. 4C).

Nicotinamide treatment markedly inhibited the de-
struction of beta cells at 5 h after injection of STZ (Fig.
5A), and TUNEL-positive cells were not detected (data

Fig. 2 Detailed changes of pancreatic islets and macrophage
infiltration into the islets. A Double staining with terminal dUTP
nick end-labeling (stained black) and immunostaining with insulin
(stained pink) demonstrated condensed nuclei of beta cells. B

Pancreatic alpha-cells were unchanged (anti-glucagon immuno-
staining). C, D Macrophage infiltration in the islets. C At 5 h. D At
24 h (anti-ED1 immunostaining)
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not shown). The increased fluorescence of DCF-DA in
beta cells at 2 h after STZ injection was not much altered
by nicotinamide treatment (Fig. 5B) compared with
untreated rats (Fig. 3B). Upregulated expression of PARP
in beta cells was neither altered by nicotinamide treatment
(Fig. 5C).

Serum insulin levels of nicotinamide-treated rats at 2 h
were comparable but slightly higher than those in un-
treated rats at 2 h (462€277 pg/ml versus 396€252 pg/ml

in nicotinamide-treated and untreated rats, respectively).
At 5 h after injection, the insulin levels were preserved in
normal range in nicotinamide-treated rats (714€320 pg/ml
versus 4146€2183 pg/ml in nicotinamide-treated and
untreated rats, respectively).

Fig. 3 The change of fluorescence of dichlorofluorescein diacetate
(DCF-DA) in the pancreas. A At time 0. B At 2 h. C At 24 h. D The
fluorescence at 2 h was reduced by carboxy-PTIO. E The
fluorescence was not apparently changed by l-NAME. F Inducible

form of NOS was detected in arterial wall (arrow) but not in the
islet (arrowheads). G Fluorescence of DCF-DA in islets at 2 h. H
Anti-insulin immunostaining. The fluorescence of DCF-DA was
localized in insulin-positive cells
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Discussion

The current study documented the time-course changes of
molecules related to islet beta-cell destruction in rats
injected with a single high-dose STZ. First, at 2 h, NO
generation was found in the beta cells, and insulin
secretion appeared to be impaired. Then, at 5–8 h, PARP
was upregulated and activated, and beta cells were
destroyed. Serum insulin levels were markedly increased
at 5–8 h, corresponding to the destruction of beta cells. By
24 h, the destroyed beta cells were phagocytosed by
macrophages. At this time, the insulin levels were low,
and blood glucose levels were markedly elevated. Al-

though rapid destruction of pancreatic beta cells in rats
with a single high-dose STZ has been repeatedly reported
[4, 10, 18, 22], the current study first added the in vivo
evidence on generation of NO and activation of PARP
toward the destruction of beta cells.

The generation of free radicals in beta cells was
detected as an increase in fluorescence of DCF-DA in the
current study. The DCF-DA is a non-specific indicator for
free radicals [21]. The fluorescence was reduced in the
presence of carboxy-PTIO, a free radical scavenger

Fig. 4 Poly (ADP ribose) polymerase expression in pancreatic
islet. A At time 0. B At 5 h. C Higher magnification of beta cells at
5 h

Fig. 5 The change of beta cells in nicotinamide-treated rat. A
Destruction of beta cells was inhibited in nicotinamide-treated rat at
5 h after streptozotocin injection (hematoxylin and eosin). B
Fluorescence of dichlorofluorescein diacetate in islets at 2 h after
injection. C Poly(ADP ribose) polymerase (PARP) expression in
the islets of nicotinamide-treated rat at 5 h (anti-PARP immuno-
staining)
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specific for NO [1]. Augmented expression of DCF-DA in
islets in STZ-injected rats was unchanged by l-NAME, an
inhibitor of constitutive form of NOS [3], and expression
of iNOS was not induced in beta cells after the injection
of STZ. These results were consistent with the previous in
vitro studies on the beta-cell destruction, in which STZ
committed as an NO donor [11, 12, 13, 19]. In contrast,
Papaccio et al. reported that the generation of NO was not
detected in the serum at 12 h and 24 h after the injection
of a single high-dose STZ [15]. It is likely that the
generation of NO is an early event, most evident at 2 h
after the injection, as revealed in this study.

In our observation, there was an upregulated expres-
sion of PARP in beta cells at 5–8 h after injection of STZ.
PARP is involved in the repair of damaged DNA [16].
Injury of DNA is critical to initiate the process of beta-
cell death by STZ. DNA damage, in turn, activates PARP
and causes reduction of nicotinamide adenine dinucle-
otide (NAD)+ and adenosine triphosphate levels, resulting
in beta-cell death [2, 25]. PARP inhibitors, such as
nicotinamide and 3-aminobenzamide, prevent NAD+

reduction and prevent beta cells from cell death [20,
25]. A trend of preservation of insulin secretion in
nicotinamide-treated rats at 2 h may be due to the
restoration of insulin secretion by inhibition of NAD+

reduction, implicating that NAD+ reduction may also
affect insulin secretion [20, 22]. The pivotal role of PARP
in beta-cell death was further supported by the targeting
studies in which induction of diabetes by STZ was
rescued in PARP knock-out mice [5, 14].

It was shown that the injury of DNA of beta cells is
exerted mainly by direct alkylating activity of STZ [7]. In
our experimental system, we could not address the
question of how the alkylation of DNA was related to
PARP activation in beta cells, as it was not feasible to
examine the alkylating activity of STZ using a histolog-
ical method. Nevertheless, an early augmented generation
of NO followed by PARP activation after STZ injection
detected in this study may indicate some interrelation-
ships of these molecules with subsequent death processes.
In particular, the implication of NO as a toxic agent for
DNA cannot be completely neglected [12, 18]. It was also
shown that generated NO can activate guanylate cyclase
[19] and inhibit mitochondrial respiratory enzymes in beta
cells in vitro [6]. Further studies on the role of NO
generated in beta cells is still needed.
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Abstract Cardiac hamartomas are very rare and are
demarcated masses of enlarged, hypertrophied, mature
myocytes and collagen tissue. Cardiac hamartomas are
generally circumscribed in the right ventricle or atrium,
but not reported in the crista terminalis (CRT). The CRT
is crucial in electrophysiology, is related to arrhythmo-
genesis, and is targeted by radiofrequency catheter
procedures. Previous works only described the benign
natures of prominent CRT using non-invasive methods.
This study describes an unusual cardiac hamartoma
originating from the CRT and extending toward the
tricuspid valve. Microscopically, this hamartoma com-
prised dense collagen and adipose tissue, mixed with
hypertrophy, but with disarrayed cardiomyocytes. An
irregular gap junction, connexin43, was demonstrated in
this cardiac hamartoma.

Keywords Cardiac hamartoma · Crista terminalis ·
Connexin43

Introduction

Cardiac hamartomas are extremely rare [2, 3, 13, 14, 15].
Hamartomas are characterized by demarcated masses of
hypertrophied myocytes with variable collagen expres-
sion. Cardiac hamartomas generally occur in the right
ventricle or atrium and are not reported in the crista
terminalis (CRT) [2]. The CRT is a fibromuscular ridge
that extends along the postero-lateral aspect of the right
atrium and is essential for arrhythmogenesis, such as
atrial tachycardia [4]. The CRT marks the embryological
division between the portion of the right atrium derived
from the sinus venosus and the embryonic atrium. The
prominence of the CRT and its associated structures
varies markedly. Previous studies described the benign
nature of prominent CRT using transesophageal echocar-
diography [1, 8, 9] and magnetic resonance imaging [6,
7]. However, this study describes a rare protruding
hamartoma originating from the CRT, in which the
cytoskeletal structure and gap junction were analyzed
using immunochemical studies and compared with nor-
mal CRT.

Clinical history

A 76-year-old man with mild systolic hypertension, well-controlled
by atenolol for 10 years, and catheterization-documented, but
insignificant, left arterial artery stenosis, presented with chest
tightness on exertion without palpitation lasting 1 week. Electro-
cardiogram revealed complete right-bundle branch block (Fig. 1).
Moreover, transthoracic echocardiography displayed left ventricular
hypertrophy, 15 mm, in the interventricular septum (compared with
less than 13 mm normally) and a right atrium mass of approximately
6 cm, attached to the free wall and protruding toward the tricuspid
valve during the systolic phase (Fig. 2A, B). Surgical exploration,
thus, was performed under the impression of cardiac tumor.
Specifically, the right atrium was opened longitudinally under
general anesthesia. Surgery revealed a tumor originating from the
CRT. Two specimens measuring 15�5�5 mm and 10�5�5 mm were
resected without any complications of arrhythmia. The tissues of
both specimens were formalin fixated using paraffin embedding and
sampling of frozen tissue for immunochemical study.
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Materials and methods

Hematoxylin-eosin, modified trichome, and immunochemical stains
for a-actinin (1:100, Sigma), desmin (1:20, Sigma), and vinculin

(1:100, Sigma) were performed following the instructions of the
manufacturer. For labeling of connexin43 type (C16, 1:100),
cryosections of the samples were blocked in 0.5% bovine serum
albumin (15 min) and incubated with anti-Cx43 (1:100, Transduc-
tion Laboratory) at 37�C for 2 h as reported previously [16]. The
samples were then treated with CY3-conjugated secondary antibody
(1:500, room temperature, 1 h). All experiments included a positive
control in the form of three CRT sections from the autopsies of a 67-
year-old and a 68-year-old male who died of non-cardiovascular
causes and had whole-heart weights of 400 g and 420 g, respec-
tively. Meanwhile, omission of primary antibody was used to
provide a negative control. Immunostained samples were examined
via confocal laser scanning microscopy with a Leica TCS SP.

Results

The histological examination revealed fragments of en-
domyocardium with foci of significant myocardial hy-
pertrophy, adipose tissue, and moderate interstitial fibro-
sis (Fig. 3A, B, C). The cytoskeletal structure demon-
strated by a-actinin, desmin, and vinculin was well
maintained (data not shown), although the gap junction,
connexin43, was decreased and irregular (Fig. 4). The
patient was in a stable condition and was regularly
followed up for over 24 months, with no problems
identified other than persisting right bundle branch block.

Discussion

To our knowledge, this is the first detailed immunochem-
ical study of cytoskeletal structures and connexin43 in an
unusual cardiac hamartoma located at the CRT. Several
conditions can mimic cardiac hamartoma [2] in the right
atrium. For example, the prominent CRT may appear as a
right atrial mass [4]. Moreover, the large Eustachian valve
and the Chiari network [5] also can mimic right atrial
masses. In the present case, right atrial myxoma, throm-
bus, or the prominent CRT should be considered first.
Echocardiography is effective for detecting intra-cardiac
masses, including neoplasms, thrombi, vegetations, and
normal variants of prominent CRT [1, 8, 9]. Magnetic
resonance imaging is also helpful in differentiating
normal and pathological masses [6, 7]. However, surgical

Fig. 2 Transthoracic echocardiography displayed a right atrium
mass (T and arrowhead) of approximately 6 cm, attached to the
crista terminalis during the diastolic phase (A) and protruding
toward the tricuspid valve during the systolic phase (B). (Ao aorta,
LA left atrium, LV left ventricle, RA right atrium, RV right ventricle,
T tumor)

Fig. 1 Electrocardiogram
showing the right bundle branch
block, without atrial fibrillation
or flutter before operation
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exploration is the only method that can identify the nature
of these masses.

This work examined an atrial hamartoma characterized
by hypertrophy, cardiomyocytes, fat infiltration, inter-
stitial fibrosis, and disarranged connexin43. First, the
adipose tissue is uncommon in the cardiac hamartoma
[13], but lipomatus hypertrophy of CRT itself may appear
as a right atrial mass [9]. Second, the recent study of the
CRT favors non-uniform anisotropic properties, and focal
interstitial fibrosis develops with age [10, 11]. Further-
more, irregular connexin43 is first demonstrated in this
unusual right atrial hamartoma. Previous ultrastructural
analysis demonstrated that CRT myocytes were connect-
ed by numerous small gap junctions that occurred in
relatively simple, straight intercalated disks. Northern-
blot analysis revealed approximately equivalent amounts
of mRNAs encoding the gap junction channel proteins
connexin43 and connexin45, but around four times more
connexin40 mRNA was found in the crista terminalis
than in the left ventricle [10, 12, 14]. The presence of
disarrayed connexin43 in this tumor confirms that the
cardiac hamartoma originated from the CRT and probably
retained partial conductivity.

Fig. 4 The cytoskeletal structure of the cardiac hamartoma dem-
onstrated decreased and irregular connexin43 (B, arrowheads)
compared with the control crista terminalis (A, arrowheads) (�400)

Fig. 3 Biopsy of cardiac hamartoma displayed cardiomyocytes
hypertrophy infiltrated by interstitial fibrosis (arrowheads) and
adipose tissues (stars) (A, �100, B, �200, hematoxylin and eosin
stain; and C, �200, modified trichome stain)
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Previous investigations all described the benign na-
tures of prominent CRT using clinical course and non-
invasive methods [1, 6, 7, 8, 9]. However, rare cardiac
hamartomas still should be considered. The detailed
immunochemical methods presented here elucidate this
unusual right atrial hamartoma, originating from the CRT,
with adipose tissue, but irregular connexin43 expression.
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Abstract Epstein–Barr virus (EBV)-associated smooth
muscle tumours (SMT) have been reported in young
patients with induced immunosuppression associated with
organ transplantation, acquired immunodeficiency syn-
drome or congenital immunodeficiencies. EBV-associat-
ed SMT are frequently multicentric or multifocal and
often occur in unusual locations. We are reporting a case
of EBV-associated multicentric SMT that occurred after
kidney transplantation in a 2-year-old boy with a history
of oligomeganephrony. Headaches and left VIth cranial
nerve paralysis led to the discovery of a brain tumour
3 years after transplantation. There were multiple pulmo-
nary, hepatic and splenic nodules and enlarged mesenteric
lymph nodes. Histological examination revealed multi-
centric SMT of uncertain malignant potential. Further
investigations using in situ hybridisation demonstrated
EBV early RNAs in the nucleus of most tumour cells. The
immunosuppressive therapy was reduced, and the child
was treated with chemotherapy, but died 2 months later,
due to neurological complications.

Keywords Epstein–Barr virus · Immunosuppression ·
Organ transplantation · Smooth muscle tumour

Introduction

Leiomyosarcomas are very rare in the paediatric age
group [13]. In children with acquired immunodeficiency
syndrome (AIDS) or induced immunosuppression follow-
ing transplantation, the incidence of apparently benign or
malignant spindle-cell (usually smooth-muscle) tumours
is higher than expected for this age group [3, 9, 20].
Epstein–Barr virus (EBV)-associated smooth muscle
tumours (SMT) are uncommon, distinctive mesenchymal
tumours found in immunocompromised patients, includ-
ing children, with AIDS [16], induced immunosuppres-
sion following transplantation [15], severe congenital
immunodeficiency [12, 17, 28] or ataxia–telangiectasia
[22]. The intracranial location of EBV-associated SMT in
immunocompromised patients is extremely rare [12].

In this report, we are presenting a case of EBV-
associated multicentric SMT that occurred after kidney
transplantation in a child. Tumours were located in the
brain, lungs, liver, spleen and mesenteric lymph nodes.

Clinical history

At birth, the boy was premature, with bilateral renal hypoplasia
related to oligomeganephrony and renal insufficiency necessitating
haemodialysis from the age of 15 months. Kidney transplantation
was performed at 2 years of age. The recipient was EBV-
seronegative and the donor seropositive. EBV primary infection
was detected within 6 months of the renal transplant. Post-
transplant immunosuppressive therapy included anti-lymphocyte
globulin (days 1–10 post-transplantation); methylprednisolone
(2 mg/kg per day on days 1–10, then progressively reduced to
0.35 mg/kg per day at 6 months) and cyclosporin (from day 8,
5 mg/kg). Azathioprine was given initially, but the patient was
switched to mycophenolate mofetil (600 mg/m2) at day 5 because
of severe leukopenia. Long-term treatment included cyclosporin
(7 mg/kg per day), prednisone (0.35 mg/kg per day) and mycophe-
nolate mofetil (400 mg/m2). The patient was admitted to hospital
with headaches and left VIth cranial nerve paralysis 3 years after
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transplantation. Physical examination revealed hepatomegaly and
splenomegaly. A cerebral computed tomography (CT) scan dem-
onstrated a right temporal mass, measuring 5 cm, that was
displacing the brain stem (Fig. 1). A thoracic–abdominal CT scan
revealed multiple pulmonary, hepatic and splenic nodules as well as
enlarged mesenteric lymph nodes. Semiquantitative polymerase
chain reaction demonstrated a high viral load in the blood (1000–
2000 Eqv genome/105 cells). A fine-needle biopsy was taken of a
hepatic nodule and a splenic nodule (3�2�2 cm) was resected.
Following the diagnosis of EBV-associated SMT, the immunosup-
pressive therapy was reduced to prednisone, and the child was
treated with chemotherapy (temozolomide 8 mg/kg per day on
5 days every month). He died after 2 months with seizures and
coma. No autopsy was performed.

Materials and methods

Formalin-fixed tissue was sectioned (4 mm) and stained with
haematoxylin–eosin–saffron. The immunohistochemical procedure
used a panel of antibodies recognising relevant markers, such as
vimentin, smooth muscle actin, desmin, CD31, CD34, S100
protein, Ki-67 and EBV latent membrane protein (LMP-1) (Dako,
Glostrup, Denmark). Positive staining was visualised using perox-
idase conjugates (EnVision+ system, Dako). EBV-encoded early
RNAs (EBERs 1 and 2) were detected using in situ hybridisation
with biotin-conjugated oligonucleotides (Kreatech, Amsterdam,
The Netherlands).

Results

Macroscopically, the splenic nodule was encapsulated,
firm and white. Microscopic examinations of biopsies
taken from the liver and spleen demonstrated interlacing
bundles of spindle cells with moderate cellularity in
combination with some loosely textured myxoid areas of
low cellularity. Tumour cells displayed eosinophilic
cytoplasm and vesicular nuclei. The nuclei were elongat-
ed to cigar-shaped and slightly variable in size (Fig. 2).
Mitotic figures were very scarce, and there was no

haemorrhage or necrosis. Immunohistochemical staining
and analysis demonstrated diffuse staining for vimentin
and smooth muscle actin. Nuclear staining for Ki-67 was
demonstrated in 10% of tumour cells. The results for
desmin, CD31, CD34, S100 protein and LMP-1 were
negative. The nucleus of most tumour cells expressed
EBERs (Fig. 3).

Discussion

Patients who have undergone organ transplantation re-
quire lifelong immunosuppressive therapy. The incidence
of various proliferative disorders, including SMT and
susceptibility to EBV are increased in immunosuppressed
patients. EBV is a DNA herpes virus that is able to
immortalise infected cells. It is commonly found in
adults, primarily infecting B-lymphocytes and capable of
persisting indefinitely in a latent form. Infected B-cells
may undergo chromosomal rearrangement and become

Fig. 1 Cerebral computed tomography scan showing a right
temporal mass that was displacing the brain stem

Fig. 2 This micrograph of a splenic nodule demonstrates interlac-
ing bundles of spindle cells with slight nuclear atypia. Haematox-
ylin–eosin–saffron (original magnification �600)

Fig. 3 This microphotograph shows in situ hybridisation in a
splenic nodule demonstrating nuclear expression of EBERs by most
tumour cells (original magnification �600)
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hyperproliferative. T-lymphocytes normally constitute the
major pool of proliferating cells associated with the host’s
response to EBV infection [19]. Latent EBV infection is
associated with a number of lymphoid, epithelial and
mesenchymal tumours. CD21, the B-cell receptor for
EBV, is found on the cell surface of SMT in human
immunodeficiency virus (HIV)-positive (strong immuno-
staining) and HIV-negative (weak immunostaining) chil-
dren [16]. EBERs 1 and 2 are demonstrated using in situ
hybridisation in latently infected cells. Large amounts of
EBV DNA and RNA have been demonstrated in SMT in

immunocompromised patients [15, 16]. Monoclonal or
biclonal EBV strains have been identified in SMT found
both in patients following organ transplantation [14, 15]
and in children with AIDS [10, 16]. Such EBV mono-
clonality suggests a primary role of the virus in onco-
genesis of this tumour [4]. An EBV-associated liver
tumour that had occurred after kidney transplantation in a
10-year-old patient presented a phenotypical spectrum,
ranging from SMT to inflammatory pseudotumour, with
genomic rearrangement of the ALK loci and co-localisa-
tion of the viral DNA and the ALK sequences [7]. EBV-

Table 1 Clinical and pathological features of Epstein–Barr virus
(EBV)-associated smooth muscle tumour (SMT) following organ
transplantation. transpl transplantation, UMP uncertain malignant

potential, LMS leiomyosarcoma, m multifocal, s single, SR surgical
resection of tumor(s), Red. IT reduced immunosuppressive therapy,
AVT antiviral therapy, CT chemotherapy

Refer-
ence

Sex Age at
transplant

Transplant Delay
transplant—
SMT

Location of SMT Pathology of
SMT

Treatment
for SMT

Follow-up

[15] Female 18 months Liver 3 years Liver (donor), m UMP SR Alive, no SMT
(3 years)

[15] Female 15 months Liver 5.5 years Liver, lungs, heart,
stomach, small
bowel, colon, m,
retroperitoneum
(10 cm), s

UMP Red. IT,
AVT, CT

Dead (candidosis),
SMT

[15] Female 20 months Liver, small
bowel

12 months Colon (recipient), m UMP Red. IT,
AVT

Dead, SMT (4 m)

[21] Male Child Liver,
pancreas,
stomach,
bowel

Bowel UMP Dead (sepsis)

[26] Male 7 years Liver 2 years Liver (donor), s,
lungs, m

Poorly
differentiated
LMS

CT Dead, SMT
(6 months)

[26] Female 7 years Liver 5 years Peritoneum (10 cm)
(recipient), s

Well-differen-
tiated LMS

SR Alive, no SMT
(2 years)

[6] Male 1 year Heart 4 years Liver (15 cm), s UMP SR, AVT Alive (10 months)
[11] Female 2 year Heart 2 years Liver, spleen, m UMP – Dead (sepsis,

rejection), SMT
(1 years)

[14] Female 49 years Kidney 4 years Liver (recipient),
spleen, m

Well-differen-
tiated LMS

Red. IT,
AT, CT, SR

Dead, SMT
(16 months)

[24] Female 15 years Kidney 6 years Liver, m UMP – Dead (cerebral
hemorrhage)

[1] Male 44 years Heart 4 years Heart, s UMP – Dead (ruptured
aortic aneurysm),
SMT

[25] Male 11 years Heart, lung 3.5 years Lung (donor), liver
(recipient), m

LMS Red. IT,
AVT

Dead (sepsis)
(1 month)

[29] Male 26 years Kidney 2 years Lungs, liver,
spleen, lymph
nodes, thigh, m

LMS – Dead (1 year)

[8] Male 2 years Liver 5 years Mesentery, s UMP SR, red. IT Dead (retranspl.)
[23] Male 23 years Heart 3 years Liver, m, para-

vertebral, m, vein
(ankle), s

Low-grade
LMS

SR, red. IT,
AVT

Alive, no SMT
(3 years)

[27] Male 34 years Kidney 4 years Bones, liver,
lungs, m

UMP Red. IT Alive, SMT
(8 years)

[2] Female 3 years Liver 2 years Liver, lymph nodes,
mesentery, m

LMS Red. IT, CT Alive, SMT
(12 years)

[5] Female 18 days Heart 5 years Epidural intracra-
nial, s, endobron-
chial, s

SMT SR Alive, SMT
(3.5 years)

This
report

Male 2 years Kidney 3 years Brain, s, lungs,
liver, spleen, lymph
nodes, m

UMP Red. IT, CT Dead (brain
tumor)
(2 months)
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associated SMT following organ transplantation may
occur concurrently or sequentially with post-transplant
lymphoproliferative disorders (PTLD), which often re-
gress after reduction of immunosuppression. EBV-asso-
ciated SMT and PTLD occur after similar tumour-free
periods post-transplantation, exhibit EBV type-III laten-
cy, involve either donor or recipient tissues, are of clonal
or multiclonal origin and display a wide spectrum of
histological grade and clinical behaviour [19].

EBV-associated SMT following organ transplantation
have been reported in 14 children (including the subject
of this report) [2, 5, 6, 8, 11, 15, 18, 21, 24, 25, 26, 30]
and 5 adults [1, 14, 23, 27, 29]: 10 males, 9 females, aged
18 days to 49 years at transplantation (mean 12.9 years
and median 5.1 years). A variety of organs have been
transplanted in the subjects of these studies, most often
the liver (eight patients), kidney, or heart. The delay
between the transplantation and the occurrence of SMT
ranged from 1 year to 6 years (mean 3.6 years and median
3.8 years), with a single SMT measuring up to 15 cm [6]
or, more often, multifocal or multicentric lesions in
multiple organs or tissues. The most common locations of
SMT were the liver (12 patients), originating from the
donor or recipient, lung (from the donor in one patient),
heart and colon (native in one patient) (Table 1). SMT
was found in the intracranial, epidural area in a 5-year-old
girl following heart transplantation. Immunosuppression
was reduced, and the epidural mass was stable 3.5 years
after biopsy [5]. The child reported in this study repre-
sents the only patient with brain tumour. In 12 of the
patients described in the literature, the diagnosis was
SMT of uncertain malignant potential. A further seven
patients were diagnosed with leiomyosarcoma (well-
differentiated in three patients, poorly differentiated in
one patient). The malignant potential of these tumours is
difficult to assess, and the diagnosis of SMT of uncertain
malignant potential might be preferred instead of leio-
myosarcoma or leiomyoma. The biological significance
of criteria, such as tumour size, cellularity, atypia and
mitotic counts probably differs according to the location
of such tumours, with some apparently benign tumours
proving to be lethal. The tumours did prove to be fatal in
most patients, with death most often being a result of
sepsis (four patients) or haemorrhage. Five of the seven
patients who survived (at a 10-month to 12-year follow-
up) have been treated by surgical resection (Table 1). In
the case reported here, the brain tumour was lethal,
despite the reduction of immunosuppression and the use
of chemotherapy with good diffusion through the blood–
brain barrier.
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Sir, We wish to report briefly on a case of cardiac
lipoma—the unexpected finding of an autopsy on the
body of a 50-year-old woman who suffered from atrial
fibrillation. Using morphological findings and close
histopathological study, we were able to explain this
apparently “functional” symptom as the effect of early
autonomous cardiac plexus infiltration.

Cardiac lipoma is a benign neoplasm that occurs at a
low rate and is currently well documented in the literature
[4, 5, 8]. The original lesion generally develops at the
pericardial surface or within the cardiac chambers, in the
form of an encapsulated adipose mass that takes the
parietal pericardium and occasionally expands over the
rest of the heart. The affliction is apparent by non-specific

symptoms, but quite often it is not and the diagnosis is
instrumental.

In the case under our observation, we were faced with
a 50-year-old woman, admitted to the Universit� Cattolica
del Sacro Cuore Internal Medicine department with
severe dyspnea and orthopnea symptoms. Suffering from
atrial fibrillation since 1999, she had been administered
beta-blockers for the last few years. Despite this, her
recent electrocardiogram revealed atrial fibrillation at
high ventricular frequency. The very night she was
hospitalized, the patient passed away suddenly, and it was
therefore impossible to carry out echocardiography or any
other imaging method that could lead to a clinical
diagnosis.

At the necroscopy, a massive pulmonary embolism
was identified as the ultimate cause of death. We
observed clear-cut cardiac hypertrophy with in-toto
dilatation of the heart, more pronounced in the right
sector. Here, we found a well-encapsulated, globular,
lobulated yellow mass, with a diameter of 5 cm (Fig. 1A).
The mass protruded from the lateral wall of the right
atrium and the superior vena cava right atrial junction.
Microscopic examination of this mass showed prolifera-
tion of mature fat cells with large, clear, empty cytoplasm
and eccentrically placed nuclei. Myocardial fibers and
cells of the sinoatrial (SA) node (Fig. 1B) were
interspersed within fat cells. Searching for the presence
of nervous tissue, we focused on a careful morphological
study of ganglionic structures pertaining to the atrial
plexus (Fig. 2). The microscopic evidence of nervous
structures trapped in the neoplasm clearly emerged from
this study.

In retrospect, this case epitomized for us the challeng-
ing situation of a cardiac lipoma with apparently “func-
tional” symptoms that eventually turned out to have a
very “organic” cause.

Currently, cardiac lipomas are occasional findings of
postmortem heart dissection. Reece et al. described 71
benign cardiac tumors, 3 of which were classified as
lipomas [8]. McAllister et al. estimated that lipomas can
represent approximately 8.4% of all primary cardiac
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tumors [4]. Meng et al. reported figures twice as high: 22
lipomas from 118 heart neoplasies [5]. By morphology
and localization, there exist a lipomatous hypertrophy of
the interatrial septum (with diffuse fat infiltration of the
myocardium) and a so-called “true” lipoma.

In the first case, one is generally faced with a non-
encapsulated mass of adipose tissue. The mass occasion-
ally has a pseudoencapsule, supplied by surrounding
structures (the fossa ovalis, the atrial wall, the interatrial
sulcus, the pericardium of the transverse sinus or the
posterior atrioventricular groove) [9]. J.T. Prior identified
lipomatous hypertrophy of the interatrial septum as a
distinct disease and described five examples [7]. Al-
though the tumor may shape up as a bulge into the right

Fig. 2 Autonomous ganglia and nervous structures to be seen in the
mass arising from the atrial wall. A Hematoxilin and eosin �100; B
Van Gieson �250; C Immunostaining for S-100

Fig. 1A A heart specimen showing a lobulated yellow mass
located in the lateral wall of the right atrium. B Light micrograph
demonstrating atrial myofibers of conduction system interspersed
between mature fat cells.(Hematoxilin and eosin �400)
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atrium, its more usual pattern is a wedge-shaped fatty
heap, obstructing the fossa ovalis. It may as often create a
diffuse thickening of the interatrial septum. Unlike
lipomatous hypertrophy, lipomas usually rest on the
epicardial surface in virtually any site on the atrial–
ventricular surface. Moreover, a lipoma consists of a
mature lipocyte population encased into a full-wall or a
focally discontinuous or sheared capsule. Of lipomas,
50% are intracavitary and develop under the endocardi-
um. Another 25% are intramyocardial. The remaining
25% are extracavitary, and they can grow to a consider-
able size [2, 6]. Large subpericardial lipomas resting on
cardiac structures may determine angina or impair the
heart pump function.

In view of the relevant spatial relationships, atrial
lipomas are thought to generate atrial arrhythmia out of a
rather generic atrial irritability phenomena. Intramyocar-
dial localization is alleged to involve abnormal electric
conduction, then arrhythmia [1]. In fact, the underlying
mechanism is seldom well defined. Myocardial atrophy,
fibrosis or excessive lipomatous interatrial septum infil-
tration are the all too generic morpho–histological
counterparts of such an ill-defined situation. Patients
(particularly the elderly) may as well display cardiomeg-
aly and incur congestive cardiac failure.

Invariably, even once the diagnosis is done, the true
relationship between the mass and its symptoms remains
elusive [9]. In the case reported here, we were able to find
a specific cause for one of the classical cardiac symptoms
of atrial lipoma: the atrial arrhythmia.

Our lipoma would arise from the lateral wall of the
right atrium and the superior vena cava right atrial
junction, at the site of the sinoatrial node. The patient was
one with a “satellite” atrial fibrillation.

According to the current anatomy of the affected
region, parasympathetic preganglionic fibers (from the
dorsal motor nucleus of the vagus and from cells close to
the nucleus ambiguous) descend to the cardiac branches
of X to synapse with the cardiac plexus and the atrium
wall neurons. Ganglia neurons are also present in the
atrium walls and the interatrial septum, hidden in the
subepicardial connective tissue within the sinoatrial–
atrioventricular node context [10]. Ganglions and fibers
command a reduction of the cardiac frequency and
constriction of the coronary arteries , among other
functions.

These structures can be a likely prey of the tumor
mass. Accordingly, in our case, we gathered the micro-
scopic evidence of massive infiltration of the nervous and
ganglionic structures that would tell us that the SA node
and the parasympathetic nervous structures were taken by
the process.

Hence, multiple recoiling wave fronts of activation
could have been generated and propagated to both atria by
an anatomically sheared—then electrically unstable—
sinus node and nervous structures. Additionally, atrial
dilatation, fibrosis of atrial tissue and increased sympa-
thetic activity could have acted in maintaining the
arrhythmia. The whole process was probably perpetuated
by prolonged conduction times, up to the final condition
of atrial fibrillation [3].

All that undoubtedly qualified as the organic cause of
the patient’s arrhythmia.
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Sirs, we have reported in this journal the case of a 40-
year-old black man who developed an unusual form of
lymphoid hyperplasia primarily involving the subcutis
and closely mimicking subcutaneous panniculitis-like T-
cell lymphoma (SPTCL) [1]. The lesion, which charac-
teristically arose at the site of tribal scarifications, did not,
at first, show any convincing feature of malignancy. It
was, therefore, deemed to be a particular variant of
subcutaneous lymphoid hyperplasia, perhaps related to
the scarification process itself. We wish to report here on
this patient’s follow-up.

The patient presented with a new swelling involving
the same area 3 months after the first recurrence.
Complementary clinical investigations and systemic im-
age studies failed to reveal any systemic involvement.
Steroid therapy (prednisone) was, therefore, given, with a
very good response from the outset of the treatment.
However, the lesion consistently relapsed at each cessa-
tion of the medication. Thus, local radiation therapy was
given. While the disease seemed to be under control with
this therapeutic procedure, the patient progressively
developed a tumefaction in the left buttock area. A
biopsy of this lesion was performed and revealed
histological and phenotypic findings similar to those
noticed in the two previous samples. The lymphoid
infiltrate, however, presently showed slightly increased
cytological atypia. A polymerase chain reaction analysis
of DNA extracted from this new biopsy did not show any
clonal rearrangement of the genes coding for the g-chain
of the T-cell receptor (TCR). Southern blot analysis

disclosed clonal rearrangement of the genes coding for the
b subunit of the TCR. It is worth noting that the same
investigation had also been performed previously on
DNA extracted from the first recurrence, and no clonal
rearrangement of the genes coding for the b subunit of the
TCR could be demonstrated at that time (data not reported
in the original description).

Due to disease progression, the patient was treated
with chemotherapy. While no improvement could be
obtained initially by CHOP (cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) and ProMACE-Cyta-
BOM (mitoxantrone, cyclophosphamide, etoposide,
cytarabine, bleomycin, vincristine, and methotrexate),
complete remission (CR) was obtained with the ESHAP
regimen (etoposide, prednisone, cytarabine, and cisplatin)
followed by a BEAM (BCNU, etoposide, cytarabine, and
melphalan) intensification procedure and autologous
peripheral blood stem cell transplantation. The patient is
still in CR, 24 months after the graft.

The clinical and pathological features observed in this
patient are bewildering. While the initial findings sug-
gested a benign and reactive disorder, eventually related
to the scarification process itself, the subsequent evolu-
tion appeared more in keeping with an incipient SPTCL.
Hence, the question arises as to whether this disorder
represents a peculiar subtype of lymphoid hyperplasia
progressing to lymphoma or a true lymphoma from the
outset. In an attempt to solve this issue, we wish to refer
to a recent article by Magro and colleagues [2]. These
authors thoroughly reviewed 32 cases of lymphocytic
lobular panniculitis (LLP). On the basis of clinical data,
they categorized these cases further as lupus erythemato-
sus profundus, LLP of indeterminate type (ILLP), and
SPTCL. In fact, patients with ILLP had no features
indicative of lupus erythematosus, and their clinical
course was not as aggressive as in SPTCL. In such cases,
the infiltrate variably displayed cytological atypia, phe-
notypic abnormalities, clonal rearrangement of TCR, or
some erythrophagocytosis by histiocytes, features that are
found to a larger extent in SPTCL. The clinical evolution
in ILLP also looked very similar to the waxing and
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waning phase of some SPTCL. These findings led Magro
and colleagues to consider ILLP possibly as the early
phase of SPTCL and to coin the term “subcuticular T-cell
lymphoid dyscrasia” (SCTCLD) in order to describe a
subset of atypical LLP having some, but not all, of the
attributes of SPTCL. In this regard, also, the presence of
erythrophagocytosis by histiocytes appeared to be a
reliable marker of a supervening SCTCLD.

Similarly, the term “lymphomatoid panniculitis” (LP)
was recently introduced to define atypical lesions that
histologically resemble SPTCL but in which the clinical
behavior is more indolent [3]. However, it is noteworthy
that some cases of LP may require the administration of
prednisone or even methotrexate to control the disease,
which suggests a relatively aggressive behavior, similar to
SCTCLD.

In conclusion, the initial findings in our patient likely
represent those of a SCTCLD. This is best illustrated by

the clinical course, which is comparable with the early
phase of SPTCL.
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Sir, Micronodular thymoma (MNT) with lymphoid B-cell
hyperplasia, a recently described rare benign neoplasm of
thymic epithelium, has been found, thus far, invariably in
the anterior mediastinum. We present herein an ectopic
MNT incidentally found in the left cervical region related
to the parotid gland. Another novel finding is partial
myoid differentiation of neoplastic epithelial cells.

A 45-year-old otherwise healthy man appeared in
consultation for a feeling of hearing loss when a left
cervical tumour was incidentally found. There was neither
myasthenia gravis nor any other autoimmune diseases.
The tumour, clinically suspicious for cervical lymphad-
enopathy, was encapsulated and could be completely
removed, although minimally adherent with the parotid
gland. A follow-up control 1 year after surgery found the
patient free of recurrence. At gross examination, the
tumour measured 3.5 cm, exhibited a microcystic cut
surface and was completely enclosed in a thin fibrous
capsule. Histologically, solid micronodules of neoplastic
epithelial cells stood out against a lymphoid stromal
background in close relationship with the parotid gland
(Fig. 1); normal ectopic thymus was not observed.
Periodic acid-Schiff and reticulin stains highlighted a
delicate envelope of epithelial complexes, but reticulin
fibres did not surround individual cells. Using immuno-
histochemistry, the neoplastic epithelial cells were reac-
tive for cytokeratins (5, 6, 8, 17) and alpha-smooth
muscle actin (a-SMA, Fig. 2), but non-reactive for
desmin, myoglobin, myogenin, S-100 protein, glial
fibrillary acid protein (GFAP) and CD20. In the stromal
compartment, reactive lymph follicles displayed hyper-

plastic germinal centres (Fig. 1 and Fig. 2) and a
polyclonal B-cell population, including a minor fraction
of immunohistochemically polytypic plasma cells. Poly-
merase chain reaction for Ig heavy chain gene rearrange-
ment also indicated the presence of polyclonal B cells.
There were considerable numbers of CD3+ mature T cells
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Fig. 1 Low-power view of micronodular thymoma with lymphoid
stroma associated with the parotid gland (�88). Inset Neoplastic
epithelial cells display bland cytomorphology (�380)



among neoplastic epithelia and in the stromal compart-
ment, occupying interfollicular areas and follicular mantle
zones. Interdigitating CD1a+ and S-100+ reticulum cells
were far more numerous in the epithelial compartment
than in the stroma, and CD68+ epithelioid histiocytes
were an important stromal component. Immature T cells
(CD1a+, CD99+), similar to classical World Health
Organization (WHO) type-A thymomas, were an excep-
tional finding [3]. At the ultrastructural level, osmiophilic
Z-band-like structures were found distributed in a disor-
derly manner in epithelial tumour cells, but further
arguments for striational differentiation were lacking
(Fig. 3).

MNT with lymphoid B-cell hyperplasia, originally
presented in a series of 18 cases by Suster and Moran in
1999, is defined by its distinctive histoarchitecture,
cytomorphology and clinical appearance [4]. Meanwhile,
only few more examples have come to record [6, 7].
Nevertheless, MNT will be established as a separate but
rare entity of organotypical thymoma in the forthcoming
WHO blue book. Diagnostic histoarchitectural features
include a discretely nodular growth pattern, a multitude of
cohesive complexes of neoplastic thymic epithelial cells
and a lymphocytic stroma devoid of epithelial cells

optionally harbouring a variable number of lymph
follicles, usually with prominent germinal centres
(Fig. 1). Cytomorphologically, neoplastic epithelia are
slender or plump spindle cells with bland-appearing
nuclei and inconspicuous nucleoli (Fig. 1, inset); they
display either proliferative quiescence or minimal prolif-
erative activity. MNT resemble type-A thymomas, and,
therefore, a medullary ancestry has been anticipated [7].
Clinically, MNT are typically asymptomatic and inciden-
tal findings; they are usually either encapsulated or
minimally invasive, therefore, of low Masaoka stages I or
II and curable by local resection. Myasthenia gravis and
other autoimmune diseases are absent, unless combined
with another type of organotypical thymoma [7]. Organo-
typical thymomas, thus far, include WHO types A, AB
and B; they are conceptually restricted to the thymus, but
may be incidentally found on ectopic sites. Immature T
cells provide a diagnostic hallmark of organotypical
thymomas, although such cells are exceedingly sparse or
even lacking in type-A thymomas. Likewise, immature T
cells in MNT are rare or absent in the epithelial
component, but regularly present in perinodular areas of

Fig. 3 At the ultrastructural level, neoplastic epithelial cells of this
particular example of ectopic micronodular thymoma are equipped
with Z band-like structures, while features of striated muscle
differentiation typical of thymic myoid cells are absent (�10,400)

Fig. 2 Cohesive complexes of neoplastic epithelial cells of ectopic
micronodular thymoma strongly stain for a-smooth muscle actin;
identical results are obtained for cytokeratins (�175)
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the stromal compartment. Therefore, we believe that
MNT qualify for organotypical thymomas.

Regarding the morphology of our case, there are two
serious differential diagnostic considerations: (i) myoepi-
thelioma of the parotid gland and (ii) metastatic disease in
a parotideal lymph node; a third option suggested by the
site, (iii) ectopic hamartomatous thymoma comes to
mind. While a solid histoarchitecture and spindle-shaped
cytomorphology are shared by a majority of salivary
gland myoepitheliomas, they display hyaline cytoplasm,
mucoid stroma and coexpress S-100 protein, actin and
GFAP; none of those features is seen in our case.
Furthermore, the coexistence of stromal immature T cells
and interepithelial interdigitating reticulum cells is not
germane to myoepitheliomas, but is found in MNT and
eventually in ectopic hamartomatous thymoma. Ectopic
hamartomatous thymoma is a benign non-recurrent
tumour composed of a biphasic epithelial component,
islands of mature adipose tissue and generally inconspic-
uous interepithelial lymphocytes. Thus, ectopic hamarto-
matous thymoma is morphologically distinct from MNT
[1]. Finally, there is neither clinical nor morphological
evidence of malignancy; regarding metastatic disease, no
primary neoplasm is known elsewhere.

The ectopic site in the neck, although infrequently
observed in organotypical thymomas, is easily explained
by the derivation of the two thymic primordial structures
from the third and fourth branchial (pharyngeal) pouches.
The supraclavicular and suprasternal region, overlapping
with the neck and included in the developmental descent,
are also the usual locations of ectopic hamartomatous
thymomas [1]. Associated normal ectopic thymus is found
only in a minority of ectopic cervical thymomas. Myoid
cells are regularly found in the medulla and medullary–
cortical junction of the normal human thymus. Myoid
differentiation has been reported in single examples of
ectopic hamartomatous thymomas and even in other rare
non-organotypical thymic epithelial neoplasms (WHO
type-C thymic carcinomas) [1, 2, 5]. Myoid cells exhibit
striated muscle differentiation and are supposed to derive
from thymic epithelium [7]. Unlike thymic neoplasms
with myoid components on record, neither immunohisto-
chemistry nor electron microscopy revealed striated
muscle differentiation in our case, and a biphasic
cytomorphology of neoplastic epithelia as well as pseu-
dosarcomatous stroma were absent [2, 5]. Myoepithelial
or partial smooth muscle differentiation of neoplastic
cells resembling the findings in our present case, howev-
er, is observed in two of five other examples of low-grade
metaplastic thymic carcinomas in both the solid and
spindle components of this biphasic thymic epithelial

tumour, but, thus far, not in MNT [8]. Metaplasia, a
common phenomenon in neoplastic disorders, is supposed
to be the pathogenic pathway of smooth muscle differ-
entiation in those instances [8]. Our observation of a-
SMA immunoreactivity in MNTs nicely illustrates the
versatility of neoplastic epithelial cells also in organotyp-
ical thymomas and suggests that metaplastic change may
be expected in both orthotopic and ectopic thymomas.

Regarding the original term, we believe that the
designation “lymphoid B cell hyperplasia” reflects the
stromal cellular response in MNT incompletely [4]. In our
own and other observers’ experience, MNT harbour an
important proportion of mature CD3+ CD5+ T cells [6].
A majority displays lymphofollicular hyperplasia with
well-developed mantle and marginal zones where T cells
play their part in the immune response as elsewhere.
Therefore, the term “MNT with lymphoid stroma” has
been proposed for the forthcoming WHO blue book.
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9–12 May 2004
XIV EUROCELLPATH COURSE: The Impact of Proteomics
and Genomics in Pathology
Girona, Spain

The Organising Committee of the next EuroCellPath Course in-
vites you to come to the beautiful city of Girona to enjoy an out-
standing program on a very timely topic, addressed by leading au-
thorities in the field, in an inspiring setting. The subjects covered
in this course will be the following:
● DNA arrays: Methods and Goals
● Tissue Microarrays: A Tool for Rapid, Efficient Translational

Research
● Proteomics: From Genes to Functions
● Tissue Procurement and Handling: Laser Capture Microdissec-

tion and Other Techniques
● Bioinformatic Tools for Array Data Mining
● Application of Array Genomics and Proteomics in Pathology
● Molecular Pathology of Genes and Proteins: What to Look For

and When.
You may also submit your abstracts on these or other related top-
ics, to be presented either as platform or poster during the Course.
For further information, please contact:
Prof. Josep Lloreta-Trull (local organizer) 
Department of Pathology 
Hospital del Mar-IMAS-IMIM 
Universitat Pumpeu Fabra 
Passeig Marítim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31, Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es or enter the course website
http://www.tilesa.es/eurocellpath04/

10–14 May 2004 
Diagnostic Histopathology of Breast Disease
Hammersmith Hospital (Imperial College), London, UK

A week-long course designed for pathologists at Consultant and Se-
nior Trainee level. The course provides a comprehensive coverage of
the Histopathology of Breast Disease, with special emphasis on areas
that pose diagnostic difficulties. The participants will be given ample
time to study histological preparations, followed by illustrated dis-
cussion of the cases. There will be special sessions dealing with the
interpretation of core biopsies and fine needle aspirations. There will
also be several daily talks dealing with specific topics, given by emi-
nent breast pathologists and followed by discussion. The topics will
include reporting breast biopsies, immunohistochemistry, receptor
and c-erbB-2 assessment, dealing with the gross specimen, prognos-
tic factors, proliferative lesions/carcinoma in situ, problems in breast
pathology, mucinous lesions of the breast, a practical approach to the
diagnosis of breast lymphomas and molecular pathology including
the morphology of breast cancer associated with BRCA1 & 2 muta-
tion. The faculty will include Ian Ellis, Christopher Elston, Andrew
Hanby, Kristin Henry, Stephen Humphreys, Sunil Lakhani, Andrew
Lee, Naomi Livni, Sarah Pinder and Sami Shousha. 

Further details from:
Wolfson Conference Centre
Hammersmith Hospital
Du Cane Road
London W12 ONN, UK
Tel: (44) 20 8383 3117/3227/3245
Fax: (44) 20 8383 2428
E-mail: wcc@ic.ac.uk

1–11 June 2004
International course on Laboratory Animal Science
Utrecht, The Netherlands

A two week intensive course on laboratory animal science will be
organized at the Department of Laboratory Animal Science – Ut-
recht, The Netherlands in June 2004. This course is organized
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their location. For this purpose, during the
course the acquisition of teaching materials can be discussed with
the course committee.

For information and application forms please contact:
Prof. L.F.M. van Zutphen, PhD or
Mr. Stephan van Meulebrouck, MA
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Tel.: ++31-30-2532033
Fax: ++31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click on “Education and Training”)

4–5 June 2004
15th Ljudevit Jurak International Symposium 
on Comparative Pathology
(http://www.kbsm.hr/Jurak/symposium.htm), will be held 
in Multimedial center Sestre milosrdnice University Hospital, 
Vinogradska 29, Zagreb, Croatia.

The main symposium topic is head and neck pathology (in-
cluding ophthalmopathology). Symposium includes following
sections: Pathological Morphology of the Human and Animal 
Diseases, Iatrogenic, Environmental and Experimental Pathology,
Herman Jurak Round Table on Rheumatological Pathology, Tele-
pathology on-line conference, Clinical Forensic Pathology, Slide
Seminars in Histopathology and Cytopathology, Quiz on Pathology.

For further information please contact:
Davor Tomas, M.D.
Ljudevit Jurak Clinical Department of Pathology
Sestre milosrdnice University Hospital
Vinogradska 29
10000 Zagreb, Croatia
Phone: 385-1-3787-909
Fax: 385-1-3787-244
e-mail: dtomas@kbsm.hr, juraks@kbsm.hr
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7–9 June 2004
40th Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

This non residential course includes one and a half days of multi-
disciplinary education and one and a half days of seminars speci-
fic to each discipline.

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

11–16 July 2004
ULTRAPATH XII: Conference on Diagnostic Electron 
Microscopy with Surgical, Clinical, and Molecular Pathology
Correlations
Barcelona, Spain

The scientific program will cover diagnostic Electron Microscopy
as well as Diagnostic Pathology – with immunohistochemical and
molecular correlations – and translational research. Renowned ex-
perts in the field from both sides of the Atlantic will present up-
dated comprehensive reviews of significant areas of Pathology. In
addition, a new section of the meeting will be devoted to a Patho-
logy Review Course. Platform and Poster presentations will also
be an important part of the program.

For further information, please contact:
Josep Lloreta-Trull, M.D., Ph.D. (chairman)
Department of Pathology, Hospital del Mar-IMAS-IMIM
Universitat Pompeu Fabra
Passeig Maritim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es.
The Application form and Abstract form can be found on the
meeting website, http://www.tilesa.es/ultrapath04/

27–30 July 2004, London
Practical Pulmonary Pathology

This course is designed to provide histopathology and cytopatho-
logy trainees and consultants with an opportunity to study dia-
gnostic lung pathology in a comprehensive manner. It comprises
lectures and practical microscopy sessions, the latter making up
roughly half the time and consisting of individual study of a
unique collection of cases.

For further details and application forms please contact:
Professor B Corrin, 
Brompton Hospital
London SW3 6NP
Fax: +44 20 7351 8293. 
E-mail: b.corrin@ic.ac.uk

9 September 2004
One day course on Advanced Ultrasound of the Breast
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

23–24 September 2004 (Change of date)
Thyroid Pathology for the Practicing Pathologist
15 rue de l’Ecole de Médecine, Paris, France

A 2-day course will take place in Paris under the auspices of the 
French Division of the I.A.P. This course will be given in English by
Prof. M. Sobrinho-Simoes (Porto) and Prof. R. Heimann (Brussels).

It will consist of lectures alternating with slide reviews and a
slide seminar over a multihead microscope. The cases of this
seminar will be sent (on CD) before the meeting. The audience
will be limited to 22 participants. 

Course fee: 390 euros (320 euros for members of any IAP divi-
sion). The fees include registration, hand-out, CD of the slide se-
minar and coffee breaks.
For further information, please contact: 
Mrs. M. Fontanière
Administrative Secretary
French Division of the I.A.P. 32 Cours Albert Thomas
69008, Lyon, France
Fax: 33478754311
E-mail: academie.pathologie@wanadoo.fr

11 October 2004
Continuing Medical Education
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

22–24 November 2004
41st Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk
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Abstract Objectives: The paper reviews the development
of the application of telepathology in a department of
surgical pathology between 1991 and 2003. The goal of
the efforts during this time was to give up the concept of
programming a single application, available only between
two fixed workstations with sophisticated devices and
special software, and to find the virtual “largest common
denominator” for implementing as many different appli-
cations as possible with the same basic system. Methods:
A new telepathology system was designed as a client–
server system with a relational database at its centre.
The clients interact together by transferring the questions
(texts and images) to a record (case) in the database on the
server and by transferring the answers to the same record
on the database. Results: The new “open” telepathology
system iPath (http://telepath.patho.unibas.ch) has been
very well accepted by many groups around the world. The
main application fields are: consultations between pa-

thologists and medical institutions without a pathologist
(e.g. for frozen section diagnoses or for surgical diagnoses
in hospitals in South Asia or Africa), tumour boards,
field studies and distance education (http://teleteach.pa-
tho. unibas.ch). Conclusions: Having observed that with
iPath we have succeeded in satisfying all our telepathol-
ogy needs, we are inclined to put the emphasis on the
nature of the tasks being performed, as opposed to the
methods or technical means for performing a given task.
The three organisation models proposed by Weinstein et
al. (2001) [24] can be reduced to only two models: the
model of discussion groups and the model of expert
groups (virtual institutes).

Keywords Telepathology · Surgical pathology ·
Telemedicine

Development of telepathology in a department
of surgical pathology

The first application of telepathology at the Department
of Pathology of the University of Basel in Switzerland
was in 1991 [17], implementing a remote diagnosis
service on intraoperative frozen sections for the Regional
Hospital in Samedan, Oberengadin, Switzerland.

The telepathology system used today (iPath) is an
Internet-based system (http://telepath.patho.unibas.ch)
and was developed at the Department of Pathology of
the University of Basel on the background of over
10 years experience. Current applications include pathol-
ogy telediagnosis for hospitals, primarily in Asia, and for
second-opinion consultations in subspecialities (histopa-
thology, radiology), primarily in Europe. Our experiences
have demonstrated that a multi-purpose telemedical
system can also comfortably be used for tumour boards,
health networks, field studies and even distance learning
(http://teleteach.patho.unibas.ch).

The current challenges in telepathology are: (1) the
creation of minimal standards allowing the interaction
between different systems [4, 11, 25] and (2) the organi-
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sation of individual workflow to allow efficient use of
telepathology in daily routine (Brauchli et al. unpublished
data). Therefore, we would like to achieve the following:
(1) to answer the question, “Which are the essential
fundaments of a modern, user-friendly telepathology in the
future?” and (2) to summarise our observations and own
experiences in telepathology and telemedicine.

Essential fundaments
for a modern telepathology (telemedicine)

Telepathology is a structured dialogue

Modern computer and network technology offers all the
elements for telecollaboration in medicine. For that
reason, the development of telemedical systems is cur-
rently more focused on how to organise cooperation and
how to use the existing technology in a most user-friendly
way.

The goal of any kind of telemedicine is to exchange
information. Such an exchange of information has to be
possible from anywhere at any time, without delay and
without additional effort. Basically, any exchange of
information in medicine can be considered as a question,
part of which often consists of pictures and the answer to
that question. We use the terms “expert” and “non-expert”
to define the roles of the partners within a real telemedical
exchange of information, thus referring to who is asking
the question (“non-expert”) and who is delivering the
answer (“expert”).

Free exchange of information in medicine
can be guaranteed by a client–server system

A server (Fig. 1: platform) contains a database connected
with a content management system and manages the
necessary connections between the clients (experts and
non-experts) (Fig. 1). The server is placed within the
Internet when connectivity beyond the local network is
needed (Fig. 2). The members of the different discussion
groups (experts and non-experts) working on the cases
(by asking and answering) are all clients. A client ap-
plication can be a remote microscopy session (synchro-
nous applications) [1, 22] or a standard web-browser or e-
mail client for case discussion (asynchronous applica-
tions) [1, 22].

A modern telepathology system should have
a modular structure

The experiences in the field of telepathology have
demonstrated how important it can be to quickly create
a new telepathological (telemedical) connection or to
adapt an existing system to new user needs or new
technologies. This goal can be achieved through modu-

larisation of single hardware elements and software
elements for the different tasks.

The most important module for implementing an
efficient telepathology is the Internet. Since Internet
browsers and e-mail clients usually exist on all comput-
ers, an expert can easily join and participate in a dis-
cussion group (even for remote microscopy). The non-
expert will only need a digital camera or corresponding
appliance connected to his or her computer.

Fig. 1 Telepathology is a structured dialogue. Technically, the
non-expert deposits his questions and images on a server (plat-
form). The experts can see what is stored in the database on the
server and can add their comments. The non-expert can re-contact
the server and see the answers given

Fig. 2 The location of the server determines the user-friendliness
of access to the system. The iPath-Server is in the Internet without
access restriction from any firewall. This position guarantees easy
access for every authorised user at any time or location
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The first application of Internet browser technology for
telemicroscopy or dynamic telepathology [1, 8, 16, 24]
was demonstrated by the TeleMic project at the Charit�e
University of Berlin [19, 27]. However, a fundamental
problem in using the Internet is firewalls, which are
installed in the different institutions, prohibiting a spon-
taneous and direct connection between computers located
within the institution and computers outside of the
institution. The most convenient solution for this problem
is the use of a server directly located in the Internet and
directing all traffic “between two or more computers
(clients)” through that server [3, 21] (Fig. 2).

The “conceptional” summary
of over 10 years experience
in telepathology (telemedicine)

The newly developed telemedical system iPath is the
result of broad practical experiences and theoretical anal-
yses in many fields of telemedicine. The first experiences
were in remote microscopy [18]. iPath implements char-
acteristics of both a collaboration tool and a content
management system. The content that is managed is the
questions of the non-experts (texts, images and/or other
objects) and the answers of the experts.

The centre of each telepathology system: the database

The relational database allows the collection of all data
transferred between the partners. Around this core is the
application governing content, an application that cur-
rently has a web- and a (standardised) e-mail-interface
implemented. The content managed is divided into dis-
cussion or expert groups (see above). The importance of a
clear database concept as the basis of a telepathology
system for routine use is, however, referred to in only a
very few publications [18, 21].

Within the groups in the database are the cases
(records) (Fig. 3). Finally, each case contains the actual
data produced: the questions, the “objects” (images,
schemas, forms, other relevant documents or textual
information), and the comments (diagnoses, remarks,
additional questions). This central storage of data with
search facilities serves as an archive of all past collab-
orations and consultations, if necessary. If the remote
microscopy module is used, the session is linked to an
open case defined beforehand within a pre-designed
group, and the expert can choose to add a selection of the
pictures transmitted via the special module from the
microscope to the video eye on the server. For real-time
conferencing, an online chat function can be used.

Access to the “world of telepathology”

A group on a server is administered automatically. A
potential group member must first register an account for

the server and then contact the relevant group adminis-
trator for a group membership.

An iPath-Server can be installed using freely available
open source software tools, such as Apache for the web-
interface, and can run on the free operating system, Linux.
This approach has been taken by several institutions that
want to keep autonomy over their data [West African
Doctors Network, Inland Northwest Health Service for
the Spokane-district (Washington State, USA), breast
carcinoma field studies in Dresden, Germany] (Fig. 4).
Among the security measures implemented in our system
are automatic interruption of open connections without
activity after a predefined time and the possibility to
encrypt all traffic to the server.

Fig. 3 The database consists of groups and cases (records). A case
is stored within a group. Each case is subdivided into four
segments: identification, description (free text), images (gallery of
documents) and comments

Fig. 4 Use of iPath around the world. iPath runs on six servers
around the world. The server in Norway serves a health network in
Western Africa. The server in Dresden functions as a centre of a
field study about breast carcinoma organised by the German State
of Sachsen
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Main telemedical tasks

General observations

In September 2001, iPath was released and opened on the
main server in Basel, with the intention to empirically
observe in which direction the applications of such an
open telepathology system would develop. The results are
represented as follows.

In contrast to other Internet-based telepathology sys-
tems [9, 26], iPath does not impose a predefined work-
flow or mode of collaboration. It is, rather, a platform on
which telemedical consultations and other applications
can individually be arranged. The telemedical server in
Basel is now used by over 800 users organised in more
than 70 discussion or expert groups.

Consultations in pathology

Consultation is one of the main uses for a telemedical
application. A recent evaluation showed that 43.8% of all
cases on the telemedicine server in Basel were consulta-
tions in pathology. Consultations in telehistology and
telecytology are desired by: (1) institutions without a
pathologist, e.g. the Referral Hospital of Honiara, Solo-
mon Islands (South Pacific); (2) general pathologists who
work alone as pathologists in a hospital, e.g. the De-
partment of Pathology of the Dhaka Medical College,
Bangladesh or (3) pathologists in a speciality, e.g. at the
University Hospital of Teheran, Iran, or the Working
Group of Bone Tumours of Austria, Germany and
Switzerland.

A very interesting result deduced of our practical
experiences in the last 2 years is the Virtual Institute of
Pathology (VIRIN). VIRIN represents an organised co-
working of many experts distributed over the whole
world. These experts work with different institutions. The
members of these institutions are non-experts. The ex-
perts are members of their own expert group, as well as of
the discussion (sender) groups of the non-experts. The
non-experts submit their cases in their discussion group.
In the VIRIN, one expert of the expert group is always on
duty. He monitors the discussion groups (e.g. “South
Pacific” for Honiara). He is responsible for a response to
cases submitted by Honiara in the “South Pacific” group
within 48–60 h. This expert can decide to present a newly
submitted case to the other experts in the VIRIN. In the
VIRIN, the case can be freely discussed without the non-
experts seeing the different comments of the experts on
his case. A summary of the discussion of the experts is
then added to the original case (in the discussion group)
by the expert on duty.

The results of the collaboration with Honiara in the
time between 26 September 2001 and 2 May 2003 were
analyzed under different aspects. One aspect was that, in
the observed period, the percentage of benign diagnoses
increased, approaching, in the phase where the VIRIN for
Honiara was fully established, an amount as one would

expect at a typical Western pathology institution (Fig. 5).
This indicates that, after an initial phase of deciding only
to discuss cases that mostly were assumed to be malign,
Honiara is now comfortable with having an assessment of
all the cases a Western hospital would usually submit.
The introduction of the VIRIN also improved the per-
centage of secure diagnoses as opposed to those where
doubts remained (Fig. 6).

Interdisciplinary conferences

The tumour board of the Regional Hospital of L�rrach
(Germany, near Basel) has been running systematically
on iPath for 1.5 years. When preparing the tumour board,
the key information from contributing institutions (e.g.
pathology or radiology) is added to the cases that are
previewed by the specialists before the conference.

Fig. 5 The percentage of benign and malignant diagnoses. The
collective “Free, WWW” consists of 23 cases (Period: 26 Septem-
ber 2001–19 March 2002), the collective “Free, e-mail” of 54
(Period: 20 March 2002–30 Setpember 2002), and the collective
“VIRIN” of 71 cases (Period: 1 November 2002–2 May 2003). The
submission per e-mail was carried out by a standardised specially
developed e-mail procedure. Chi2 value: 10.062, v=2, P<0.01

Fig. 6 The percentage of secure, suspicious and unclear diagnoses.
Chi2 value: 4.142, v=4, P<0.20)
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Health networks

It could be observed that our telemedical system can
simultaneously be used efficiently for both diagnosis and
e-learning. This quality led to the idea to use iPath as a
nucleus of health networks in the Ukraine (in collabora-
tion with the Swiss Tropical Institute) and in the Eastern
Cape province (South-Africa).

Field studies

A surprising result was the application of the actual
system for field studies without special adaptations. In
such studies, the user needs are the inverse of the original
needs in telepathology, where knowledge is provided by
a centre to a peripheral institution. The key element
allowing this new application is forms. Forms correspond
to a media record with empty text fields and can be
created individually. The forms are stored as an integral
part of the group’s record structure. The content of all the
forms can be exported as a two-dimensional textfile for
further evaluation locally.

Implications after more than 10 years experience
from a single institution

In the last years, we and others intensively experimented
with an open telemedical system. The most important
aspects which crystallised in using telepathology were:
(1) working in virtual groups of specialists (experts), (2) a
categorisation of telepathology in four main fields, (3) a
definition of new (minimal) standards and (4) some hints
as to change the general conception of telepathology
(paradigm change).

The virtual group model (VIRIN)

The virtual group model was postulated by Weinstein et
al. [24]. An open telepathology system allows a success-
ful implementation of this model, of which the objective
has become a reality with the Honiara project. Our VIRIN
shows the necessity to clearly organise the diagnostic
telepathological work and to exactly distinguish the role
of all partners. Additionally, virtual working groups can
give rise to a new vision of the job of a pathologist:
telepathology offers retired professionals the possibility
of remaining in their professional activity and allows
society to continue to profit from the great experience of
retired pathologists.

Categorisations in telepathology

Commenting on subdivisions discussed in previous pu-
blications on telepathology [10, 15, 16, 17, 18, 23], we see
that the main focus has been on technical aspects of the

method. In the early days of telepathology, the main
differentiation was made between dynamic–robotic [1,
12, 20] versus static telepathology [5, 6, 20] models,
which were mainly applied to point-to-point diagnostic
telepathology links. With the advancement of Internet-
based telepathology, the workflow process was brought
much more into the centre of discussion. Weinstein et al.
[24] suggest three categories of workflow organisation,
namely the case triage model, subspeciality model and the
virtual group practice model.

On the background of our observations and experi-
ences, we propose to discriminate the following four
telepathological categories: consultations, tumour boards,
field studies/research and educational applications (Ta-
ble 1). The three workflow models proposed by Weinstein
et al. [24] can all be implemented through organising
telepathology by discussion groups, optionally linked to
an expert group.

Change of paradigm

Modern communication technologies, first and foremost
the Internet, have brought telepathology and telemedicine
a decisive step forward: a step that anticipates a change of
paradigm, a change away from our current constellation
of convictions, views and methods [13].

Technically, the field of telemedicine was dominated,
until recently, by individual solutions, which could not
communicate with each other. With the idea “iPath”, we
pursued the goal to give non-experts the means of remote
dialogue with experts, using as much as possible of the
non-experts existing infrastructure. Much of the task was:
(1) to intelligently combine the computer resources with a
database, (2) to achieve a high degree of organisation in
their practical use and (3) to design the whole system as a
modular content management system.

We can expect that convictions and methods in
pathology will change in relation to the simplicity and
spontaneity of telepathology in the future. Because tele-
pathology—especially in rural areas [7, 28, 29, 30]—
is increasingly being used by institutions without resident
pathologists, the non-pathologist must become more
familiar with the evaluation of macroscopy, the sampling
of tissue specimens and the selection of microscopic
fields.

Standardisation

Any broadly implemented method calls for some basic
regulation [2, 14]. The probability of a minimal stan-
dardisation grows at the rate with which we succeed in
clearly defining the technical elements of the method
and precisely structuring the processes. The question of
standardisation can be reduced to deciding on a server–
client technology, the minimal requirements and structure
for the database and the key features of the module’s data
input and output.
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Telepathology: a modern win–win situation for everyone?

Empirically, we could clearly show that telemedicine as
an “open distributed system” based on client–server
technology could perform according to the needs of users
in a society saturated with information technology, as
well as in an environment with minimal communication
infrastructure. Open telemedicine allows these environ-
ments to be tied together and, thus, generates an added
value for all partners.
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Abstract Several studies have shown that endometrial
stromal neoplasms express estrogen and progesterone
receptors (ER, PR). To our knowledge, the presence or
absence of androgen receptors (AR) in these rare uterine
neoplasms has not been investigated. Tumors (n=20)—3
endometrial stromal nodules, 14 low-grade endometrial
stromal sarcomas (ESS, low grade), and 3 high-grade
endometrial sarcomas (undifferentiated endometrial sar-
coma, UES)—were studied. Immunohistochemical anal-
yses for ER, PR, and AR were performed on formalin-
fixed, paraffin-embedded archival material. Positive im-
munoreactions for ER and PR were observed in 14 (70%)
and 17 (85%) cases, respectively. Furthermore, 9 cases
(45%) were positive for AR. Among 17 ESS and UES
cases, 7 (41%) revealed positivity for AR. Two of three
benign stromal nodules were also positive for AR. More-
over, one of the three high-grade sarcomas (undifferen-
tiated endometrial sarcoma) was negative for both ER and
PR, but showed positive reaction for AR. In summary,
ARs are expressed in 45% of endometrial stromal neo-
plasms. In addition to determination of ER and PR, the
results of immunohistochemical examination of AR in
these rare uterine tumors may have some impact on the
postoperative management of the patients.

Keywords Endometrial stromal tumors · Androgen
receptor · Estrogen receptor · Progesterone receptor ·
Immunohistochemistry

Introduction

Uterine endometrial stromal tumors are among the rarest
neoplasms in the female genital tract. Malignant mesen-
chymal tumors comprise less than 5% of primary uterine
cancers, with endometrial stromal neoplasms accounting
for less than 10% thereof [1, 11]. Endometrial stromal
tumors are composed of cells resembling those of pro-
liferative phase endometrial stroma. These tumors are
subdivided into benign and malignant categories based on
the type of tumor margin. Uterine endometrial stromal
tumors with pushing margins are benign and designated
endometrial stromal nodules (ESN). In contrast, endome-
trial stromal sarcomas (ESS) infiltrate the myometrium;
they have been traditionally divided into low and high
grades mainly based on mitotic count [16]. However,
since high-grade endometrial sarcomas largely lack spe-
cific differentiation and hardly display histological re-
semblance to endometrial stroma, it has been proposed
that they should be designated undifferentiated endome-
trial or uterine sarcomas [5]. Thus, the recent World
Health Organization Classification of Tumors of the
Breast and Female Genital Organs divides the uterine
stromal neoplasms into three groups: (i) benign ESN, (ii)
low-grade ESS, and (iii) undifferentiated endometrial
sarcoma [27].

While low-grade ESS is a clinically indolent malignant
neoplasm, which shows minimal cytological atypia,
infrequent mitotic figures, and numerous thin-walled
small arteriolar type (plexiform) vessels, the undifferen-
tiated endometrial sarcoma is a highly aggressive tumor
that lacks a plexiform vasculature, features severe cyto-
logical atypia, and has frequent and often atypical mitotic
figures [4, 27].

Several previous biochemical and immunohistochem-
ical studies [13, 21, 22, 29] have shown that uterine
stromal neoplasms, particularly low-grade ESS, often ex-
press estrogen and progesterone receptors (ER, PR).
Studies have also revealed that therapy with progesta-
tional agents is an important adjunct to surgical treatment
in cases of low-grade ESS [7]. Many of the tumors that
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contain PR will, at least partially, respond to hormonal
manipulation using progestins [10, 15]. In contrast to ER
and PR, the status of androgen receptors (AR) in benign
and malignant uterine stromal neoplasms (ESN, ESS) has
not yet been investigated. In the present study, we ana-
lyzed the immunoexpressions of AR as well as ER and PR
in a series of 20 primary endometrial stromal tumors.

Materials and methods

Cases (n=20) comprising 3 benign ESN, 14 low-grade ESS, and 3
undifferentiated endometrial sarcomas were retrieved from the files
of the Department of Gynecologic and Breast Pathology, Armed
Forces Institute of Pathology, Washington, DC, and the Department
of Pathology, Medical University of Graz, Austria. Determination
of tumor type and histopathological grade was performed according
to the new World Health Organization classification on Tumors of
the Breast and Female Genital Organs [27].

Formalin-fixed, paraffin-embedded tissue blocks were cut into
4-�m-thick serial sections, which were mounted on pre-coated
slides. The sections were deparaffinized, rehydrated, and rinsed in
distilled water. Immunohistochemical assays for AR, ER, and PR
were performed on consecutive paraffin sections using standardized
automated procedures (Ventana Medical System, Tucson, AZ and
Dako, Glostrup, Denmark) (Table 1). Monoclonal mouse antihu-
man antibody clones 6F11 and 1A6 (Ventana Medical Systems)
were used as primary antibodies for ER and PR, respectively. For
determination of AR expression, the monoclonal mouse antihuman
androgen receptor antibody (clone: AR441; Dako) was used. In

brief, antigen retrieval was achieved with microwave treatment
(ER, PR) or heating in a water bath (AR) (Table 1). A Ventana ES
(Ventana Medical Systems) or Chem-Mate (Dako) autostainer was
used in conjunction with an indirect streptavidin-biotin method.
After incubation with the primary antibody, incubation with the
secondary (link) biotinylated antibody was performed for 30 min.
After washing, sections were incubated with streptavidin-peroxi-
dase for 30 min. Finally, the enzyme was visualized with di-
aminobenzidine. Counterstaining was performed with hematoxylin.
In each case, the intensity of immunoreaction (negative, 1+, 2+, 3+)
and the percentage of tumor cells with positive nuclear reaction
were evaluated. Samples were scored as positive when at least 10%
of nuclei were immunoreactive. Internal positive controls included
normal endomyometrial tissue surrounding the tumors (Fig. 1A).
Negative controls included substitution of the primary antibody
with normal sera or phosphate-buffered saline, omission of the
secondary antibody, and incubation of the primary antibody so-
lution with lymphoid tissue. All slides were evaluated indepen-
dently by at least two investigators (F.M. and A.D.T.). The rare
cases in which disagreement occurred were reevaluated using a
multi-headed microscope; a final agreement was reached in all
cases.

Results

Results are summarized in Table 2. Positive immunore-
actions for ER and PR in benign and malignant stromal
tumors were observed in 14 (70%) and 17 (85%) cases,
respectively. Androgen receptor positivity was found in 9

Table 1 Summary of antibodies and methods used in the current study. DAB diaminobenzidine

Antigen Antibody
(manufacturer)

Method (autostainer) Dilution Incubation
time

Antigen retrieval

Androgen receptor AR441 (Dako) ChemMate-DAB
(Dako ChemMate)

1:100 20 min Water bath 100�C for 40 min,
then cooling in Epitope Retrieval
solution (Dako)

Estrogen receptor 6F11 (Ventana) Biotin-DAB
(Ventana ES)

Ready to use 32 min Microwave at 160 W in sodium-
citrate, pH 6.0, for 30 min

Progesteron receptor 1A6 (Ventana) Biotin-DAB
(Ventana ES)

Ready to use 32 min Microwave at 160 W in sodium-
citrate, pH 6.0, for 30 min

Table 2 Expression of andro-
gen receptors, estrogen recep-
tors, and progesterone receptors
in benign and malignant endo-
metrial stromal tumors. Less
than 10% of tumor cells posi-
tive was designated as negative
in the results. ESN endometrial
stromal nodule, ESS, low endo-
metrial stroma sarcoma, low
grade, UES undifferentiated
endometrial sarcoma

Case
no.

Diagnosis Androgen receptor Estrogen receptor Progesterone receptor

Percentage Intensity Percentage Intensity Percentage Intensity

1 ESN <10% 1+ 70% 2+ 90% 3+
2 ESN 40% 1+ 60% 2+ 80% 2+
3 ESN 20% 1+ <10% 1+ 50% 2+
4 ESS, low 90% 3+ 90% 3+ 70% 2+
5 ESS, low 40% 1+ 20% 1+ 80% 2+
6 ESS, low 0 � 50% 1+ 0 �
7 ESS, low 20% 1+ 60% 2+ 80% 3+
8 ESS, low 20% 2+ 0 � 90% 3+
9 ESS, low <10% 1+ <10% 1+ 70% 2+

10 ESS, low 0 � 40% 1+ 90% 3+
11 ESS, low 0 � 60% 2+ 20% 1+
12 ESS, low 90% 3+ 60% 2+ 90% 3+
13 ESS, low 0 � 30% 1+ 70% 2+
14 ESS, low <10% 1+ 80% 3+ 20% 1+
15 ESS, low 0 � 60% 2+ 70% 3+
16 ESS, low 0 � 30% 2+ 30% 2+
17 ESS, low 0 � 0 � 70% 2+
18 UES 40% 2+ 0 � 0 �
19 UES 30% 2+ 50% 2+ 80% 3+
20 UES 0 � 0 � 0 �
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(45%) cases. While all three ESN cases were PR positive,
two of them were positive for ER and AR. In 17 sarcomas
(14 ESS, low grade and 3 undifferentiated endometrial
sarcoma), positive reactions for ER, PR, and AR were

observed in 12 (75%), 14 (83%), and 7 (41%) cases,
respectively. In low-grade ESS, positive immunoreactions
for ER, PR, and AR were found in 11 (79%), 13 (93%),
and 5 (36%) cases, respectively (Fig. 1B, C). Although

Fig. 1 A Expressions of estrogen receptors (ER) (A1), progester-
one receptors (PR) (A2), and androgen receptors (AR) (A3) in non-
neoplastic, normal endometrium (proliferative phase). B A low-
grade endometrial stromal sarcoma (ESS) with typical infiltrative
margins (B1), multiple lymphatic invasions (B2), and numerous
thin-walled, small blood vessels (B3). C Expressions of ER (C1),
PR (C2), and AR (C3) in a low-grade ESS. D, E A high-grade

endometrial sarcoma (undifferentiated endometrial sarcoma) show-
ing infiltrative pattern (D1), tumor cell necrosis (D2), and signif-
icant nuclear atypia (D3). Although the malignant stromal cells
were completely negative for ER and PR (data not shown), a
positive immunoreaction (1+ to 2+) for AR could be identified in
many areas of this high-grade (undifferentiated) sarcoma (E1, E2,
E3)
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two of the three undifferentiated endometrial sarcomas
were negative for both ER and PR, a positive reaction of
highly atypical tumor cells for AR was observed in one of
the ER and PR negative cases (Fig. 1D, E) (Table 2).

Discussion

Previous studies demonstrated ER and PR in normal
proliferative and secretory phase endometrium, both in
endometrial glands and in stromal cells [19, 26]. A
previous study also showed high ER and PR content in
epithelium and stromal cells of simple and complex
hyperplasia [2]. In atypical complex hyperplasia and
endometrioid adenocarcinoma, however, the receptor
content was significantly lower compared with that of
normal proliferative or hyperplastic endometrium [2, 17,
19]. A few studies have demonstrated nuclear staining for
AR in normal glands, endometrial stromal cells, and in
endometrioid adenocarcinomas [3].

Several previous studies revealed expression of ER
and PR in a high percentage of endometrial stromal
sarcoma [13, 21, 22, 29]. However, to the best of our
knowledge, the issue of AR expression in benign and
malignant endometrial stromal neoplasms has not been
examined previously.

According to our study, 45% of endometrial stromal
neoplasms were AR positive. In sarcomas (low and high
grades), a positive immunoreaction for AR was observed
in 41% of examined cases. In all cases, the distribution of
nuclear positivity for ER, PR, and AR among the tumor
cells was quite heterogeneous (Table 2).

At least a partial response of low-grade ESS to hor-
monal therapy with progestins has been observed [8, 12,
18]. Recurrent or metastatic low-grade ESS have also
been reported to be stabilized or suppressed with proges-
tational agents in more than 50% of patients [5, 9, 20].
Tumors with a high level of progesterone receptors are
most likely to respond to progestin therapy [20, 23, 28].
Treatment with gonadotropin-releasing hormone agonists
has also been used in a few studies [14, 24]. However,
although the vast majority of low-grade ESS have been
shown to express ER and PR, some of the tumors, even
with high ER and PR content, did not respond to adjuvant
hormonal treatment [6, 25, 30]. This could be, at least in
part, due to the heterogeneity of tumor cells in terms of
expression of ER and PR and the presence or absence of
other steroid receptors, such as AR. It is possible that the
proportional distribution and concentration of each steroid
receptor (ER, PR, and AR) among tumor cells influences
the response to hormonal treatments. The biological sig-
nificance of AR (stimulation versus inhibition of the
growth of neoplastic endometrial stromal cells) and its
interaction(s) with ER and PR in ESS requires further
investigation.

In summary, our study shows for the first time that
ARs are expressed in 45% of endometrial stromal neo-
plasms. Thus, in addition to ER and PR, the immunohis-
tochemical examination of AR in endometrial stromal

neoplasms, particularly in low-grade ESS, may have im-
pact on the postoperative management of the patients.
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Abstract Specific treatments targeted toward oncogenes
expressed in cancer cells are currently under develop-
ment. Patients with urothelial carcinomas showing HER-
2/neu (human epidermal growth factor receptor 2) over-
expression are candidates for such a specific treatment
(trastuzumab). However, to be effective, this therapeutic
approach requires an extremely reliable evaluation of
HER-2/neu status in tumors. In order to assess the status
of expression of this gene and to optimize its assessment,
we analyzed a series of 64 primary urothelial carcinomas
using immunohistochemistry (IHC) with the CB11 mono-
clonal antibody coupled with fluorescent in situ hybrid-
ization (FISH) in 21 cases. Strong HER-2/neu overex-
pression was detected using IHC in 15 of the 64 (23%)
cases analyzed, and this rate rose to 33% for patients with
metastases. HER-2/neu overexpression, as revealed using
IHC, is strongly associated (95%) with gene amplification

assessed using FISH. Patients with urothelial carcinomas
overexpressing HER-2/neu using IHC are potential can-
didates for targeted chemotherapy.

Keywords HER-2/neu status · Immunohistochemistry ·
FISH · Urothelial carcinomas · HER-2/neu-targeted
therapies

Introduction

Specific treatments targeted to oncogenes expressed in
cancer cells are currently under development. The protein
HER-2/neu (human epidermal growth factor receptor 2),
overexpressed in a subset of breast carcinomas, as revealed
by amplification of the oncogene HER-2/neu, is the ther-
apeutic target of the monoclonal antibody trastuzumab
(Herceptin). Urothelial carcinomas, which may also show
HER-2/neu overexpression, are candidate tumors for such
a specific treatment [6, 11, 12, 29]. However, the efficacy
of this treatment implies an extremely reliable evaluation
of HER-2/neu status in tumors. Reported studies of HER-
2/neu overexpression in urothelial carcinomas have shown
varying results. The proportion of cases showing HER-2
overexpression ranged from 12% [16] to 71% [6, 26].
These differences may be explained by the heterogene-
ity of the techniques used and the population studied.
We present a series of 64 urothelial carcinomas using a
standardized immunohistochemistry (IHC) procedure, and
we confront our results with HER-2/neu status as deter-
mined by fluorescent in situ hybridization (FISH).

Materials and methods

Patients

Tumor samples were obtained from 64 patients with urothelial
carcinomas, all diagnosed and operated on by the Urology
Department of Cochin Teaching Hospital. The 64 patients were
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56 men and 8 women from 44 years to 82 years of age. Samples
were obtained from transurethral resection of bladder (45 cases),
cystectomy (15 cases) or nephro-ureterectomy (4 cases). Tumors
were graded according to the World Health Organization/Interna-
tional Society of Urological Pathology 98 classification [5]: 12
tumors were classified as grade 2 (moderate differentiation), and 52
tumors were classified as grade 3 (poor differentiation). Staging
was done according to the TNM (tumor, node, metastases)
classification system of malignant tumors 1997 [25] and included
5 pTa tumors (5 TaN0M0), 9 pT1 tumors (3 T1N0M0, 2 T1N+M0,
3 T1N0M+, 1 T1N+M+), 31 pT2 tumors (15 T2N0M0, 9 T2N+M0,
3 T2N0M+, 4 T2N+M+), 13 pT3 tumors (5 T3N0M0, 4 T3N+
M0, 4 T3N+M+) and 6 pT4 tumors (5 T4N0M0, 1 T4N+M+). Of
the patients, 31 had metastases: lymph-node metastases, only, for
15 patients and visceral metastases with or without lymph-node
metastases for the other 16 patients.

Immunohistochemistry

For each case, the histology of the sample analyzed was verified on
hematein eosin safran-stained preparations, and areas showing
invasive carcinoma were identified. Tumor material consisted of
paraffin-embedded specimens fixed in 10% formalin. Sections
were cut at 4 mm, dried for 1 h at 58�C, then 15 h at 37�C. After
deparaffinization and rehydration of the sections, antigen retrieval
was performed in a solution of citrate 10 mM, pH 6.1. All further
steps were performed using an automated system (Techmate 500,
Dako). Endogenous peroxidases were inhibited by 5 min incubation
in 3% H2O2. Then, sections were incubated with the monoclonal
HER-2/neu antibody CB11 (Novocastra Laboratories, Newcastle-
upon-Tyne, UK), for 1 h at 20�C. Immunodetection was achieved
using the Vectastain Elite ABC peroxidase mouse IgD kit (Vector
Laboratories, Burlingame, CA, USA). Then, sections were incu-
bated with diaminobenzidine for 5 min and counterstained with
Mayer’s hematoxylin for 1 min.

After several assays of dilution, HER-2/neu monoclonal anti-
body was diluted at 1/800. Under this condition, normal urothelium
was not stained, and only tumor cells showed membranous staining.
Preparations were analyzed independently by three pathologists
(GDP, AV, AVS). Breast carcinomas overexpressing the protein
were used as positive control. A three-step classification of the
immunostaining was adopted: cases without detectable staining in
tumor cells (scored �), cases showing weak or moderate staining
(scored +) and cases showing strong membranous staining (scored

++). In each case, the percentage of stained tumor cells was
evaluated.

Fluorescent in situ hybridization

FISH and IHC were performed on the same tumor sample, on
consecutive slides. FISH experiments used the Kit PathVysion
HER-2 probe (Vysis, Downers Grove, IL, USA), following the
instructions given by the supplier. Briefly, deparaffinized slides
were treated with a protein-digesting enzyme at 37�C for 40 min.
Preparations were denatured in 70% formamide/2� standard saline
citrate (SSC), pH 7, at 75�C, for 2 min. Then, a solution containing
the HER-2/neu probe coupled with SpectrumOrange and a specific
probe for the centromere of chromosome 17 coupled with Spec-
trumGreen were applied to the tissue sections at 37�C for 15 h.
After hybridization, the unannealed probe was washed in 0.4�SSC/
NP40 0.3% at 73�C for 3 min then in 2�SSC/NP40 0.1% at 37�C
for 2 min. Nuclei were counterstained using a 4,6-diamidine, 2-
phenylindol (DAPI)/antifade solution. A Leica DMRB microscope
equipped with appropriate filters for DAPI, SpectrumGreen and
SpectrumOrange was used to score the number of signals per
nucleus. Images were captured using a Quantics digital camera
(Photometrics, Tucson, AZ, USA) and Quips FISH imaging soft-
ware (Vysis, Downers Grove, IL, USA). The number of fluorescent
signals was counted in 25 nuclei of invasive tumor cells in two
distant areas of the section for each case. For each tumor, the mean
number of signals per nucleus was determined. Amplification was
defined by at least a twofold excess of the number of copies of the
HER-2/neu gene with regard to the number of centromeres of
chromosome 17.

Results

Of cases, 15 showed membrane staining scored as ++ in
tumor cells, but with substantial heterogeneity in different
areas of a given tumor. The percentage of immunolabeled
tumor cells was 70–100% in 8 cases, 20–30% in 4 cases
and 5–10% in 3 cases (Fig. 1), (Table 1). In 13 cases, a
membranous staining was detected, which was scored +
(Fig. 2). Staining was not present in 36 cases.

Fig. 1 Immunohistochemistry using the CB11 anti HER-2/neu
antibody and the aviditin-biotin peroxidase complex technique on a
paraffin-embedded tissue section of urothelial carcinoma. Strong

membranous expression of the protein scored ++. This overex-
pression is diffuse (A) or focal (B)
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FISH was performed on 21 tumors from these 64
patients (Table 2). Of the 15 patients with IHC overex-
pression of HER-2/neu (score ++), 7 were explored using
FISH. Six patients showed HER-2/neu amplification
(more than 20 gene copies per nucleus) (Fig. 3A). One
case with strong membrane staining in only 5% of tumor
cells showed no evidence of HER-2/neu amplification. Of
tumors, 11 with score + membranous staining and 3 with-
out any staining showed no HER-2/neu amplification
(Fig. 3B).

Thus, 15 of 64 (23%) tumors in this series overex-
pressed HER-2/neu. A similarity between HER-2/neu ex-
pression detected using IHC and gene amplification
assessed using FISH was observed in 20 of 21 cases
(95%).

Discussion

In the literature, about 40 studies have reported the status
of HER2/neu in urothelial carcinomas. These studies
reported a rate of HER-2/neu overexpression varying
from 12% [16] to 71% [6, 28] and from 15% [2] to 44%
[15] in studies using the CB11 antibody. These discordant
results are related to the diversity of techniques used and
explain why some authors found that HER2/neu overex-
pression is correlated with tumor grade [1, 3, 7, 16, 18,
19, 30, 31] and stage [7, 18, 19, 20, 23, 30, 31], while
others found no correlation [8, 9, 10, 14, 17, 21, 26, 27].
Patients with HER-2/neu overexpression seem to have a
worse prognosis [11], but they also show a better response
to chemotherapy [6]. With the emergence of anti-HER2/
neu treatment, the main interest of investigating HER-2/
neu status is related to potential therapeutic applications
[6, 11, 29]. An extremely reliable IHC technique is nec-
essary in order to identify the patients able to benefit from
this new therapeutic. In many studies on breast carcino-
ma, a comparison was established between overexpres-
sion of protein using IHC and number of gene copies
observed using FISH. These studies [4, 13, 22] suggested
that only strong overexpression of HER-2/neu is linked to
gene amplification and should be taken into account for
the selection of patients for treatment using trastuzumab.
A comparison between FISH and IHC in urothelial
carcinoma was established in several studies. Sauter et al.
[24] compared HER-2/neu status assessed using IHC with
the polyclonal antibody A485 (Dako, dilution 1/100) and
FISH in 141 urothelial carcinomas in an unselected
population (36 pTa, 42 pT1, 67 pT2-T3 / 20 G1, 39 G2,
46 G3 and 6 cases of unknown grading and staging). Of
these tumors, 43% showed HER-2/neu overexpression,
while gene amplification was found in only 10 of
141(7%) tumors. All cases with amplification showed
HER-2/neu overexpression. However, overexpression
was present without amplification in 51 tumors. For
the authors, this dissociation between amplification and
overexpression suggested the existence of several mech-
anisms leading to protein overexpression (point mutation,
translocation or transcriptional upregulation). In this
study, only the percentage of positive tumor cells was
taken into account, and the grading of intensity was not
considered.

Table 1 Patients with a positive status HER-2/neu (human epider-
mal growth factor receptor 2). FISH fluorescent in situ hybridiza-
tion, IHC immunohistochemistry, A amplified, NA not ampli-
fied,++ strong membranous staining

Patients Grade Stade IHC FISH

1 G3 TaN0M0 ++ 70% A
2 G3 T2N0M0 ++ 100% A
3 G2 T2N0M0 ++ 70% A
4 G3 TaN0M0 ++ 100% A
5 G3 T2N0M0 ++ 100% A
6 G3 T4N0M0 ++ 20% Not done
7 G3 T1N0M1 ++ 70% Not done
8 G3 T3N+M1 ++ 100% Not done
9 G3 T2N0M1 ++ 100% A

10 G3 T3N0M0 ++ 30% Not done
11 G3 T4N+M1 ++ 10% Not done
12 G3 T4N0M0 ++ 20% Not done
13 G3 T2N+M1 ++ 30% Not done
14 G3 T3N2M1 ++ 10% Not done
15 G3 T2N1M0 ++ 5% NA

Fig. 2 Immunohistochemistry using the CB11 anti HER-2/neu
(human epidermal growth factor receptor 2) antibody and the
aviditin-biotin peroxidase complex technique on a paraffin-embed-
ded tissue section of urothelial carcinoma. Moderate membranous
expression of the protein scored +

Table 2 HER-2/neu (human epidermal growth factor receptor 2)
status: comparison between amplification determined using fluo-
rescent in situ hybridization (FISH) and overexpression assessed
using immunohistochemistry (IHC). A amplified, NA not amplified,
++ strong membranous staining, + weak to moderate membranous
staining

HER-2/neu overexpression (IHC)

0 + ++ Total

HER2/neu (FISH) NA 3 11 1 15
A 0 0 6 6

3 11 7 21
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Kruger et al. [12] observed that in 203 invasive
urothelial carcinomas, 37% of tumors overexpressed
HER-2/neu using IHC, while only 5% of tumors showed
gene amplification.

Our study demonstrates that, in a population mainly
composed of invasive tumors, 23% of tumors overex-
pressed HER-2/neu. This rate rises to 33% in patients
with metastases.

The aim of the present study was to clarify adequate
conditions for reliably detecting HER-2/neu overexpres-
sion in urothelial carcinomas.

For the purpose of standardization and calibration of
the IHC technique on FISH, this method was adapted
from the technique used in breast carcinomas calibrated
on FISH [4].

By considering a three-scale staining score, i.e., strong
membrane staining (++), moderate or weak membrane
staining (+) and the absence of membrane staining (�), we
observed that membrane immunostaining scored as ++
was highly correlated (95%) with gene amplification (>20
copies/nucleus) assessed using FISH. Only one case with
strong membrane staining showed no evidence of HER-2/
neu amplification. However, this discordant case showed
strong immunostaining in only 5% of tumor cells. It is
likely that these rare positive cells could not be detected
using FISH analysis, which, because it requires observa-
tion using �1000 magnification, is unable to detect rare
events on wide surfaces. A bias in sampling between slide
levels studied could also be involved.

In contrast, tumors scored as + or � using IHC showed
no evidence of gene amplification investigated using
FISH, but in this preliminary study, we were not able to
explore all the cases.

It must be underlined that, in this study, we retain a
score of ++ as indicating a very strong and complete IHC
membrane staining, which can probably explain the good
concordance of IHC and gene amplification using FISH.

In conclusion, in our series, overexpression of HER-2/
neu was mainly detected in high-grade/high-stage, as well
as metastatic, tumors. In contradiction with previous
studies, we found that strong overexpression of HER-2/
neu detected using IHC was associated with gene ampli-
fication detected using FISH. Other studies are necessary
to obtain better knowledge of the gene amplification
status in tumors with weak to moderate overexpression of
HER-2/neu.

We suggest that selection of patients with urothelial
carcinoma who are likely to benefit from HER2/neu-
targeted therapy would be the same as for breast carci-
noma. Such selection relies on strong overexpression of
HER-2/neu detected using IHC. When this overexpres-
sion is difficult to assess using IHC, then a complemen-
tary approach using FISH becomes necessary.
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Abstract Lymphoepithelioma-like carcinoma of the blad-
der is an uncommon neoplasm, of which 49 cases have
been described in the English literature, none of which has
been studied for p53 protein expression. We studied three
muscle-infiltrating cases of this tumor using immunohis-
tochemical, in situ hybridization and polymerase chain
reaction (PCR) methods. The three cases were positive for
epithelial markers and negative for lymphoid antigens in
the tumoral syncytial areas. The intensive infiltrate of
small cells was negative for epithelial and positive for
lymphoid markers. This population was mainly made up
of cytotoxic T-lymphocytes, positive for TIA-1. p53 pro-
tein was intensely positive in more than 90% of the epi-
thelial component nuclei, being negative in the lymphoid
cells. PCR study did not show mutations on p53. Both
lymphocytes and epithelium were negative for Epstein–
Barr virus markers, such as the latent membrane protein
and EBER (Epstein–Barr-encoded RNA). The prognosis
was very good after radiotherapy and chemotherapy
treatment, preserving the bladder despite the muscle in-
filtration. The presence of an intense cytotoxic T-lym-

phocyte population may be related to this good prognosis.
Both aspects, p53 protein status and T-lymphoid popula-
tion, had never been studied before in bladder lympho-
epithelioma-like carcinoma.

Keywords Bladder · Lymphoepithelioma-like
carcinoma · p53 protein · Immunohistochemistry ·
Urothelial carcinoma · Epstein–Barr virus

Introduction

Around 90% of the malignant tumors of the bladder are
urothelial carcinomas (UCs). The remaining 10% corre-
spond to other types of carcinomas, sarcomas or other
uncommon tumors [37].

Lymphoepithelioma-like carcinoma (LELC) is an in-
frequent neoplasm, of which only 49 cases have been
described in bladder [3, 5, 10, 11, 12, 16, 20, 24, 25, 29,
35, 48, 53, 54]. It is constituted by high nuclear epithelial
cells with syncytial growth pattern, widely infiltrated by
numerous lymphocytes and plasma cells [13, 54].

This type of tumor was originally described in naso-
pharynx, where it received the descriptive name of lym-
phoepithelioma; but it has also been found in other or-
gans, such as salivary gland, thymus, uterine cervix, skin,
lung, stomach, oral cavity, breast, vagina, trachea and
larynx and, rarely, in other areas of the urinary tract (renal
pelvis, ureter, prostate and urethra) [6, 7, 9, 15], where it
is called LELC. In the bladder, the prognosis seems to be
better than in other invasive carcinomas [3, 12, 20, 21,
29]. It may be treated with cisplatin-based chemotherapy
and radiotherapy [3, 54], and it is possible to preserve the
bladder.

Although p53 protein expression has been commonly
studied in UCs [36], these studies have not been per-
formed in any of the studies about bladder LELC. Here,
we studied the status of the p53 gene and its protein ex-
pression level in the three cases reported, with muscle
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infiltration and conservative treatment (radiotherapy and
chemotherapy).

Materials and methods

Histology and immunohistochemistry

The transurethral resection surgical specimens were fixed in for-
malin and embedded in paraffin blocks. Cut sections, 5 mm in
thickness, were stained with hematoxylin and eosin. The immu-
nohistochemical study was performed using the avidin-biotin
complex with the Biotek 1000 (Ventana/Biotek, Tucson AZ) au-
tomated immunostainer. Heat-induced epitope retrieval in a 5-mM
citrate buffer at pH 6, for 2 min, with a pressure-cooking method,
was used for all the antibodies: AE1–AE3 anticytokeratin antibody
(Signet, dilution 1/500), antileukocytic common antigen antibody
(X16/99 clone, Dako, Glostrup, Denmark, dilution 1/50), anti-
latent membrane protein of Epstein–Barr virus (EBV) antibody
(CS1,2,3,4 clone, Novocastra, Newcastle, England, dilution 1/100),
anti-CD8 (C8/144B clone, Dako, dilution 1/25), anti-TIA-1 (2G9
clone, Immunotech, Coulter, Marseille, France, prediluted) and
antibody against p53 protein (DO7 antibody, Dako, dilution 1/200).

EBER in situ hybridization

EBV was detected by in situ hybridization with fluorescein-con-
jugated Epstein–Barr virus (EBER) PNA probe (Dako).

Polymerase chain reaction

Mutations in exons 5–8 of p53 gene were analyzed by direct se-
quencing of both forward and reverse amplicons for each fragment,
using an automated DNA sequencer ABI PRISM 310 genetic an-
alyzer (Applied Biosystems), according to the manufacturer’s
procedures. The primers and conditions for this sequencing have
been previously described [22, 47].

Patients

Case 1

A 74-year-old man came to our hospital in November 1998 pre-
senting with hematuria. He had been a smoker until 1989. At the
cystoscopy, a retrotrigonal tumor of 2�2 cm in size was found. It
was resected and diagnosed as a solid urothelial carcinoma, grade 3,
PT1 stage. No abdominal computed scan or thoracic X-rays showed
disseminated disease. He was treated with 82 mg BCG (Connaught)
per week for 6 weeks. Urine cytology was normal in February
1999. Cystoscopy revealed a tumor above the left ureteral meatus
3 months later, and the diagnosis was similar in 70% of the tumor,
but the resting 30% corresponded to a focal lymphoepithelioma-
like carcinoma. The tumor infiltrated the muscular propria. The
patient was treated with photons Rx15MV radiotherapy until a total
dose of 66 Gy was well tolerated. Currently, after 54 months of
follow-up, the patient is alive and without clinically apparent dis-
ease.

Case 2

A 77-year-old man came to our hospital presenting with hematuria.
He had been a smoker until 4 years prior to our follow-up. On the
cystoscopy, a solid tumor was present at the vesical fundus. It was
resected and diagnosed as pure lymphoepithelioma-like carcinoma
muscle infiltrating. No disseminated disease was found, and treat-
ment with photons Rx15MV radiotherapy until a total dose of

67 Gy was performed. The patient is alive and without clinically
apparent disease 39 months later.

Case 3

An 82-year-old woman came to our hospital presenting with he-
maturia. On the ultrasound, a right lateral vesical mass was found.
The computed scan and bone-scan studies were negative for tu-
moral spreading. A transurethral resection was performed with the
diagnosis of predominant (90%) lymphoepithelioma-like bladder
carcinoma, infiltrating the muscular propria. She was lost for fol-
low-up 36 months after the initial diagnosis, without evidence of
disease.

Results

Pathological, immunohistochemical
and in situ hybridization studies

Histologically, in the lymphoepithelioma-like areas, the
tumors were constituted by cells that showed large,
atypical nuclei with prominent nucleoli and abundant
mitotic figures. The cytoplasms were eosinophilic and
badly delimited, with a syncytial growth pattern, forming
thick cords, and occasional small nests, densely infiltrated
by small mature lymphocytes and some plasma cells and
separated by stromal tracts, also with an intense lympho-
plasmocytoid infiltrate (Fig. 1). In the first case, this
lymphoepithelial component represented 30% of the re-
current tumor, but not the primitive one. The second one
showed this histological pattern in the whole tumor, while
the third case showed it in 90% of the tumoral areas.

On the immunohistochemical study, the large tumoral
cells were positive for cytokeratins and negative for leu-
kocytic common antigen. In contrast, the lymphoid com-
ponent was negative for cytokeratins and positive for
leukocytic common antigen. Both components were
negative for the latent membrane protein of the EBV and
EBER. Between 90% and 95% of the nuclei of the tu-
moral cells were intensely positive for p53 protein and
were negative in the inflammatory cells (Fig. 2). The
tumoral cells of the urothelial areas of case 1 and case 3,
as well as the first tumor of case 1, were also positive for
p53 protein in more than 90% of the nuclei.

Most of the lymphocytes related to the tumor, both in
the stroma and permeating the tumoral nests, were CD3-
positive T-cells, with a minority of CD20-positive cells.
In this T-cell population, there were numerous CD8-
positive cells, most of which were also positive for TIA-1,
with a granular cytoplasmic distribution (Fig. 3). In some
areas, lymphoid follicles were present, staining most of
the cells within them intensely for CD20. These B-cell
areas were localized in the lamina propria apart from the
tumor and not related to it.
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p53 status

In the three cases, we searched for mutations in exons 5–8
of p53, which have been reported to be the regions where
most of the mutations have been found. We did not find
any mutations in any of the three cases reported here and
in the first tumor of the case 1.

Discussion

Lymphoepithelioma-like carcinoma of the bladder was
described by Zuckerberg et al. [54] in a series of carci-
nomas that mimicked lymphoma. Amin et al. [3] have
classified it as pure LELC, predominant (>50%) LELC
and focal (<50%) LELC, with concurrent invasive UC in
the two latter types. In situ carcinoma is present in 14% of
the cases.

They represent between 0.4% and 1.29% of the blad-
der carcinomas [20, 29], and 49 cases have been pub-

Fig. 1 Tumoral cells with large
nuclei, prominent nucleoli and
syncytial growth pattern,
densely infiltrated by numerous
lymphocytes and plasma cells

Fig. 2 Almost all the nuclei of
the tumoral cells are intensely
positive for p53 protein. The
inflammatory cells do not show
any staining
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lished in the English literature [3, 5, 10, 11, 12, 16, 20, 24,
25, 29, 35, 48, 53, 54]. Most of them present a clinical
onset with hematuria, as we described in our cases. They
are usually small tumors (0.9–5 cm).

Although initially Young and Eble [52] classified it
as an undifferentiated and aggressive variant of bladder
carcinoma with bad prognosis, only one patient presented
as T4 stage neoplasm, and barely 14% of the cases de-
veloped metastases along the course of the disease [3, 29],
despite the fact that 87.5% of the tumors are invasive at
the diagnosis. This favorable prognosis may be due to the
intense inflammatory reaction of the host against the tu-
mor, basically formed by T-cells [3, 28], or because the
disease is diagnosed earlier than in conventional UC,
inasmuch as the symptoms produced by this inflammation
may alert the patient to consult the urologist when the
tumor is still small [20]. Thus, the diagnosis of this his-
tological type of bladder carcinoma is important because
of the better prognosis of this tumor and because it is
amenable to conservative treatment of the patient.

Despite the fact that the p53 protein immunohisto-
chemical expression is common in UCs, and it has been
widely studied, it has not been performed in the cases of
LELC of bladder described in the literature. This positive
phenotype is more common in the high-grade and ad-
vanced stage UCs [4, 43, 49], and although there is a trend
of an independent predictive factor of survival, progres-
sion and metastasis, in general there is not a complete
agreement, and in numerous series it is not an indepen-
dent prognostic factor [23, 36, 42]. Our three cases of
LELC correspond to high nuclear grade and advanced-
stage tumors, and they show an intense reaction in 90–
95% of their nuclei. Despite this finding, and despite that
they have been treated with conservative therapy and
preservation of the bladder, they have followed a good

clinical course, without relapses during a follow-up be-
tween 36 months and 54 months.

p53 expression, found between 53% and 70% of the
cases of UC [2, 14, 45], is usually associated with mu-
tation [4]; but the percentage of tumors in which it is
demonstrated is lower (between 33% and 47%) [2, 14,
45]. However, the association between both mutation and
immunohistochemical expression is statistically signifi-
cant [2, 14, 45]. This discordance between mutation and
nuclear immunoreaction in some cases may be due to
several causes:

1. The dilution of tumoral mutated cells among other
normal or not mutated cells. At least 25% of mutated
cells are required to demonstrate the mutation using
direct sequencing [8].

2. In some cases, the staining may be caused by the
storage of wild protein instead of mutated one [26]. In
fact, in some types of tumors, it is recognized that p53
expression using immunohistochemistry is not related
to mutations [34, 46].

3. It may be also possible that the mutation is out of the
portion of DNA studied. Of the mutations, 8% are not
in exons 4–9, the most commonly affected and studied
[27].

4. Different sensitivity of the technical procedure [2].

However, p53 nuclear staining is frequently positive in
LELC of other organs [32, 38, 50] and in more than 50%
of nasopharyngeal carcinomas in most series [18, 19, 31,
40]. In this anatomical location, it is frequently associated
with EBV [18, 31, 41], with a strong association between
p53 overexpression and EBER status [18]. Nevertheless,
p53 gene mutation [31, 40] is not demonstrated, and it is
supposed that some of the gene products of the EBV may

Fig. 3 Numerous lymphoid
cells, both in the interstitium
and among the tumoral cells,
show cytoplasmic granules
stained for TIA-1
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bind p53, increasing its expression [33, 41]. Szekely et al.
[44] have demonstrated that EBNA5 protein binds to p53
protein. Thus, the p53 accumulated is probably wild type
instead of mutated. However, LELC of the bladder does
not seem to be related to this virus because it has not been
found by different methods [17, 24, 28], and we did not
find it in our cases. Thus, the p53 protein accumulation
must occur in another way.

Several articles studied the lymphoid inflammatory
component in LELC of the bladder [3, 20, 29]. It is
formed by a mixed population of B-cells and T-cells, with
clear predominance of T-cells in some cases [3, 20]; but
both the distribution of CD4–CD8 subpopulations and the
study of cytotoxic granules were not determined. In our
cases, we showed that most of them corresponded to
cytotoxic T-lymphocytes (CTLs) with granules positive
for TIA-1. CTLs are probably the most important effec-
tors of anti-tumor immunity in vivo, although NK cells
and macrophages may also be involved [1]. The activa-
tion of CTLs may be triggered specifically by the rec-
ognition of tumor-specific antigens on tumor cells asso-
ciated with the T-cell receptor [51]. The remarkable re-
sponse of cytotoxic T-lymphocytes may be related to a
better survival in some tumors [30, 39, 51], and it may
represent an independent prognostic factor [30]. The de-
scribed better clinical course of LELC of the bladder may
be related to the type of CTLs that we have found, as it
has been also demonstrated in other organs [30, 39, 51].

In summary, we studied three cases of vesical LELC,
which presented an advanced local stage but for which
local conservative therapy was enough. We demonstrate
that these tumors are intensely and widely positive for
p53 protein using immunohistochemistry, which is not
related either to p53 mutation or EBV infection or inte-
gration. The inflammatory infiltrate is predominantly
formed by T-lymphocytes with cytotoxic phenotype that,
as in other organs, may be related to the better prognosis
usually observed in LELC of the bladder.
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Abstract Aims To establish the prevalence of inflam-
matory secretory phospholipase A2 (sPLA2) and cyto-
plasmic phospholipase A2 (cPLA2) expression in a sur-
gical series of Barrett’s adenocarcinoma and associated
preneoplastic lesions and to correlate this expression with
clinicopathological data and prognosis. Methods: sPLA2
and cPLA2 were analysed by means of immunohisto-
chemistry in surgical specimens of 67 and 73 cases of
Barrett’s adenocarcinomas, respectively. Barrett’s muco-
sa was analysed in 31 cases. Results: Expression of
sPLA2 was detected in 48% of Barrett’s mucosa negative
for intraepithelial neoplasia and 63% of Barrett’s adeno-
carcinoma. Semi-quantitative analysis revealed a signifi-
cant increase in sPLA2 expression between Barrett’s
mucosa negative for intraepithelial neoplasia and adeno-
carcinoma. cPLA2 expression was detected in 18% of
Barrett’s adenocarcinoma. An inverse correlation was
found between cPLA2 expression and depth of tumour
infiltration, neoplastic vascular invasion and neoplastic
perineural invasion. Survival analysis showed no signifi-
cant prognostic value for sPLA2 and cPLA2. Conclusion:
sPLA2 is frequently expressed in Barrett’s oesophagus.
The increasing expression of sPLA2 that we observed
from Barrett’s mucosa to adenocarcinoma suggests that
sPLA2 could be involved in Barrett’s carcinogenesis. In
contrast, cPLA2 expression is less frequently observed in

Barrett’s oesophagus and is inversely associated with
aggressive pathological features of the tumours.

Key words Phospholipase A2 · Cytosolic phospholipase
A2 · Inflammatory secretory phospholipase A2 · Barrett’s
oesophagus · Oesophageal adenocarcinoma

Introduction

Adenocarcinoma of the oesophagus is among the 15 most
frequent cancers in the world. The incidence of this
cancer throughout the Western world has increased re-
markably in the last few decades with a rate of 5–10% per
year, greater than that for any other cancer [3, 5]. Barrett’s
oesophagus is a condition in which the normal squamous
epithelium lining the distal oesophagus is replaced by
metaplastic intestinalised columnar epithelium and is
considered a consequence of severe and prolonged gas-
trooesophageal reflux disease. Adenocarcinoma of the
oesophagus develops in Barrett’s oesophagus according to
a multistep process in which intestinal metaplastic epi-
thelium progresses to intraepithelial neoplasia (IN) and
eventually to carcinoma [14, 38]. This neoplastic pro-
gression is associated with several molecular alterations
including genomic instability and alterations of the p53
tumour suppressor gene [17]. However, many questions
concerning the pathogenesis of Barrett’s adenocarcinoma
are still unanswered and it may be important to elucidate
new molecular events leading to malignant transformation
of Barrett’s oesophagus in order to detect patients at high
risk of cancer.

Phospholipase A2 (PLA2) is a diverse family of lipo-
lytic enzymes that hydrolyse the release of free arachi-
donic acid from membrane phospholipids and provide
it to cyclooxygenase (COX), especially COX-2 and
lipooxygenase, which catalyse its conversion into pros-
taglandins and leukotrienes, respectively. PLA2 is struc-
turally and functionally subdivided into four major classes
including secretory PLA2 (sPLA2), cytosolic PLA2
(cPLA2), Ca++-independent PLA2 (iPLA2) and platelet
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activating factor acetyl-hydrolase (PAF) [28]. To date, ten
sPLA2 isozymes (designated groups IB, IIA, IIC, IID,
IIE, IIF, III, V, X and XII) and three cPLA2 isozymes
(designated groups IVA, IVB, IVC) have been identified
in mammals [34]. Among them, cytoplasmic PLA2
(cPLA2) or group IVA PLA2 is a high molecular weight
form of PLA2, which preferentially hydrolyses arachi-
donic acid at the sn-2 position representing a rate-limiting
enzyme in eicosanoid production [6]. In contrast, in-
flammatory secreted PLA2 or sPLA2-IIa has a low mo-
lecular mass and is not specific for phospholipids induc-
ing the release of arachidonic acid involved in prostag-
landin formation as well as the production of lysophos-
pholipid [2]. sPLA2-IIa has been implicated in a variety
of inflammatory conditions such as rheumatoid arthritis,
acute pancreatis and Crohn’s disease [28]. sPLA-IIa ap-
pears to contribute to the pathogenesis of cardiovascular
conditions including atherosclerosis, acute myocardial
infarction and neurodegeneration in the ischemic brain
[30]. Recent literatures have highlighted the potential
implication of PLA2 in the development of human di-
gestive tumours especially in the colon. sPLA2 is fre-
quently overexpressed in colorectal adenomas in familial
adenomatous polyposis (FAP) and in colorectal adeno-
carcinomas [20, 41]. cPLA2 is moderately overexpressed
in colorectal cancer [40]. We have previously reported
increased COX-2 expression in Barrett’s associated oe-
sophageal adenocarcinoma [23]. Recent works raise the
possibility that COX-2 selective inhibitors may have
chemopreventive potential in Barrett’s oesophagus [4,
19]. However, sPLA2 and cPLA2 expression has never
been studied in Barrett’s adenocarcinoma.

The aim of this study was to evaluate by immunohis-
tochemistry the prevalence of inflammatory secreted
PLA2 and cytoplasmic PLA2 expression in a large sur-
gical series of resected Barrett’s adenocarcinoma and
associated preneoplastic lesions and to correlate this ex-
pression with clinicopathological data and prognosis.

Materials and methods

Patients

Seventy-three patients with adenocarcinoma arising in Barrett’s
oesophagus underwent potentially curative surgical resection at
Beaujon hospital between 1976 and 1997. There were 65 men and 8
women with a mean age of 63 years (range 19–84.4 years). None of
the patients had received chemo- or radiotherapy before surgery.
The medical history of each patient was obtained.

Tumour samples

Surgical specimens were received fresh, fixed in 10% neutral for-
malin, sampled and embedded in paraffin wax. The tumour was
regarded as an adenocarcinoma having developed in Barrett’s oe-
sophagus when specialised metaplasia was observed between the
tumour and either the squamous oesophageal mucosa or the cardiac
line [31]. Specialised metaplasia also called Barrett’s metaplasia
morphologically corresponds to the incomplete type of intestinal
metaplasia (type 2 or 3) [10, 42]. Samples of adenocarcinoma were

selected for sPLA2 and cPLA2 immunohistochemical analysis, in
67 and 73 cases, respectively. Seventy three samples of adenocar-
cinoma were first selected for cPLA2 immunohistochemical anal-
ysis. Immunohistochemical analysis for sPLA2 was next performed
in 67 cases, as six cases, with tumour areas insufficiently repre-
sented on tissue section for a robust evaluation of sPLA2 tumour
expression, were excluded. Thirty one samples of Barrett’s mucosa
adjacent to the tumour were then selected for immunohistochemical
analysis including areas of Barrett’s mucosa negative for intraepi-
thelial neoplasia (31 cases), areas of Barrett’s mucosa with low-
grade intraepithelial neoplasia (17 cases) and areas of Barrett’s
mucosa with high-grade intraepithelial neoplasia (17 cases). Intra-
epithelial neoplasia was graded using cytological and architectural
criteria proposed by the Working Group for Gastroenterological
Pathology of the German Society for Pathology in 2001 in Erlan-
gen, Germany, adapted to the proposals of the World Health Or-
ganization (WHO) classification of tumours of the digestive system
[10, 42]. For each case, the following tumour variables were
evaluated: tumour size, tumour differentiation (well, moderate,
poor, mucinous and signet-ring cell carcinoma), depth of invasion,
evidence of vascular or perineural neoplastic involvement, presence
of regional lymph-node metastases, TNM stage according to the
International Union Against Cancer (UICC), stage according to the
Rosenberg’s classification and tumour type following Lauren’s
criteria [24, 32, 35]. Sections of the tumours, away from the areas
of ulceration, were evaluated for the presence of the accompanying
inflammation recorded as mild, moderate or severe. Twenty biopsy
specimens including five oesophageal biopsy specimens (normal
squamous epithelium), five oesophageal squamous cell carcinoma
(SCC) and ten gastric biopsy specimens (cardia-type mucosa in five
cases and fundic-type mucosa in five cases) were also examined.

The COX-2 expression has been previously assessed by im-
munohistochemistry in 66 cases of Barrett’s adenocarcinomas and
32 cases of Barrett’s mucosa of our series [23]. Epithelial expres-
sion of COX-2 has been found in 91% (29 of 32) of Barrett’s
mucosa negative for intraepithelial neoplasia, 94% (16 of 17) of
Barrett’s mucosa with low-grade and high-grade intraepithelial
neoplasia and 97% (64 of 66) of Barrett’s adenocarcinoma. COX-2
expression did not significantly differ as the neoplastic process
progressed from specialised metaplasia to intraepithelial neoplasia
and to adenocarcinoma. COX-2 expression was significantly in-
creased in the well-differentiated tumours when compared with the
poorly differentiated ones (P=0.003). There was no significant re-
lationship between COX-2 expression and the other histopatho-
logical features of the tumours and survival.

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed paraffin
sections using an avidin-biotin peroxidase complex technique
(DAKO LSAB2 System, Peroxydase K675, Dako, Carpinteria,
CA). Antibodies used were: sPLA2 (type-II human synovial also
called type IIa-sPLA2) rabbit polyclonal antibody (Cayman
Chemical, Ann Arbor, USA) at a 1:200 dilution and cPLA2-a mAb
(cat. no. sc-454, Santa Cruz Biotechnology, Santa Cruz, CA) a
1:100 dilution. Briefly, 5-mm sections were cut from paraffin-em-
bedded tissue, deparaffinized and rehydrated. After quenching en-
dogenous peroxidase with 0.3% hydrogen peroxide in methanol for
30 min, microwave antigen retrieval was performed for cPLA2
immunostaining by immersing the sections in 0.01 M citrate buffer
(citric acid and sodium citrate, pH 6.0). Primary antibodies were
applied to tissue sections for 1 h at room temperature. After se-
quential application of a biotinylated link antibody and a horse-
radish peroxydase streptavidin complex the colour was developed
using 3,30-diaminobenzidine (Dako, Carpinteria, CA). Sections
were then counterstained with haematoxylin, dehydrated and
mounted with permount.

For negative controls, non-immune rabbit IgG and non-immune
mouse IgG were used as a substitute for sPLA2 and cPLA2 anti-
bodies, respectively. Antibody adsorption studies were performed
with its purified protein for sPLA2 or cognate blocking peptide for
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cPLA2 as previously described [41]. A section of colon adeno-
carcinoma, known to express cPLA2 protein assessed by Western
blot and immunohistochemistry was used as positive external tissue
control for cPLA2 staining (data not shown). Labelled Paneth cells
were used as positive internal control for sPLA2 staining.

Evaluation of staining

Slides were assessed using a light microscope in a blinded fashion
by two investigators (C.L., J.F.F.) on two separate occasions.
Staining intensity was scored as 0 (negative), 1 (weak), 2 (medi-
um), 3 (strong). Grade was scored as 0 (0–4%), 1 (5–29%), 2 (30–
59%), 3 (60–100%) according to the percentages of positively
stained tumour cells. The final immunoreactive score (range from 0
to 9) was calculated by multiplication of the staining intensity with
the grade, as previously described [23]. For each case, the staining
pattern for sPLA2 and cPLA2 was noted for both the tumour centre
and the tumour invasion front.

Statistical analysis

Qualitative data were compared using the chi square test with Yates
correction when appropriate. Quantitative data were expressed as
mean€SEM and compared using the non-parametric Mann-Whit-
ney or Kruskal-Wallis tests. Survival rates were calculated by the
Kaplan-Meier method using the date of surgery as the starting point
and compared using the log-rank test. All deaths were considered.
At the time of analysis, the 73 patients had a mean follow-up of
34.1€4.7 months (median 15.6 months; range 0.9–189.4 months). A
two-tailed P value <0.05 was considered to indicate statistical
significance.

Results

Specificity of sPLA2 and cPLA2 antibodies
on immunohistochemistry

The substitution of sPLA2 and cPLA2 antibodies by non-
immune rabbit IgG and non-immune mouse IgG, re-
spectively, failed to reveal relevant staining. Antibody
preadsorption with its purified protein for sPLA2 or
cognate blocking peptide for cPLA2 was associated with
no positive staining in epithelial cells and in interstitial
cells in Barrett’s mucosa and in Barrett’s adenocarcinoma
(data not shown).

sPLA2 and cPLA2 expression in normal oesophageal
epithelium, normal gastric mucosa, and oesophageal
squamous cell carcinoma

sPLA2 was not or weakly expressed in the basal and
parabasal cell layers of the squamous oesophageal epi-
thelium (Fig. 1A). A moderate to strong sPLA2 staining
was observed in the lamina elastica of arteries. No sPLA2
staining was noted in the lamina propria mesenchymal
cells including fibroblasts and macrophages. The epithe-
lial cells of the cardia type mucosa did not show any
reactivity for sPLA2. In normal fundic type mucosa,
sPLA2 staining was confined to the parietal cells with no
expression in the normal foveolar epithelia.

Normal oesophageal squamous epithelium was con-
sistently negative for cPLA2 (Fig. 1B). There was no
expression of cPLA2 in the epithelial cells of the normal
gastric mucosa including cardia type mucosa and fundic
type mucosa. 60% (3 of 5) of the squamous cell carci-
nomas showed intense diffuse granular staining for
sPLA2 expression. Of the squamous cell carcinomas,
40% (2 of 5) showed mild to moderate cPLA2 expression.
When present, cPLA2 staining in tumour cells was cy-
toplasmic and granular with a basal intensification.

sPLA2 and cPLA2 expression in Barrett’s mucosa

sPLA2 expression was detected in 48% (15 of 31) of
Barrett’s mucosa negative for intraepithelial neoplasia.
Columnar cells showed a cytoplasmic staining pattern.
Goblet cells were negative. Staining pattern showed
limited or no staining on the surface epithelium and weak
staining in the crypt glands (Fig. 1C). Metaplastic Paneth
cells consistently exhibited positive granular staining. In
Barrett’s mucosa with low-grade and high-grade intra-
epithelial neoplasia, sPLA2 expression was detected in
71% (12 of 17) and 82% (14 of 17) of the cases, re-
spectively. Semi-quantitative analysis showed an en-
hanced sPLA2 expression in Barrett’s mucosa negative
for intraepithelial neoplasia and in Barrett’s mucosa with
intraepithelial neoplasia compared with normal squamous
oesophageal epithelium with median immunoreactive
scores of 3, 5 and 2, respectively. Barrett’s adenocarci-
noma revealed a significant increase in sPLA2 expression
compared with its respective Barrett’s mucosa negative
for intraepithelial neoplasia (P=0.0001) and Barrett’s
mucosa with low- and high-grade intraepithelial neoplasia
(P<0.0001 and P=0.001, respectively).

Barrett’s mucosa negative for intraepithelial neoplasia
showed no detectable expression for cPLA2 (Fig. 1D). In
Barrett’s mucosa with low- and high-grade intraepithelial
neoplasia, cPLA2 expression was present in 12% (2 of 17)
and 24% (4 of 17) of the cases, respectively. cPLA2
staining was focal and cytoplasmic with often a basal
reinforcement. Semi-quantitative analysis revealed a sig-
nificant increase in cPLA2 expression between Barrett’s
mucosa negative for intraepithelial neoplasia and its re-
spective Barrett’s adenocarcinoma (P=0.03). There was
an increase in cPLA2 expression between Barrett’s mu-
cosa negative for intraepithelial neoplasia and Barrett’s
mucosa with low- and high-grade intraepithelial neoplasia
with median immunoreactive scores of 0, 2 and 3, re-
spectively; however, this increase did not reach the level
of significance.

sPLA2 and cPLA2 expression
in Barrett’s adenocarcinoma

sPLA2 expression was detected in 63% (42 of 67) of the
tumours samples. All positive cases showed cytoplasmic
and granular staining of the tumour cells (Fig. 2A–C).
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Fig. 1 Secretory phospholipase A2 (sPLA2) and cytoplasmic phos-
pholipase A2 (cPLA2) protein expression in normal squamous
epithelium and Barrett’s mucosa with and without dysplasia.
sPLA2: A sPLA2 is weakly expressed in the basal and parabasal
cells of the squamous oesophageal epithelium (�100). C Barrett’s
specialised mucosa negative for dysplasia showing a weak to
moderate sPLA2 staining limited to the crypt glands (�100). E
Barrett’s mucosa demonstrating moderate sPLA2 staining in areas

with high-grade dysplasia and no staining in areas negative for
dysplasia (arrow) (�200). cPLA2: Normal oesophageal epithelium
(B) and Barrett’s mucosa negative for dysplasia (D) showing no
detectable staining (�100). F Barrett’s mucosa showing moderate
staining in areas with high-grade dysplasia and no detectable
staining in areas negative for dysplasia (arrow) (�200). (Immuno-
peroxidase with nuclear counterstain by Mayer’s haematoxylin)
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Staining intensity was strong in the majority of the cases
(83%). There was no difference in the expression pattern
of sPLA2 between the tumour centre and the tumour in-
vasion front. The median immunoreactive score was 6
(range 0–9). Based on this analysis, we categorised the 67
patients into two well-balanced groups that were suitable
for statistical analysis: 42 high expressers (score greater
than 6) and 25 low expressers (score ranging from 0 to 6).
The relationship between sPLA2 expression and the
pathological features of the tumours is shown in Table 1.
A significant relationship was found between sPLA2 ex-
pression and tumour differentiation (P=0.01): 78% (21/
27) of the well-differentiated Barrett’s adenocarcinomas
showed a high immunoreactive score compared with 22%
(2 of 9) of the mucinous and signet ring-cell carcinoma
(Fig. 2D). However, a significant relationship was no
longer observed when tumour grade was stratified into
two groups, well or moderately differentiated and poorly
differentiated. There was a tendency for a relationship

between sPLA2 expression and COX-2 expression: 79%
of the tumours with a high sPLA2 immunoreactive score
showed increased COX-2 expression compared with 21%
of the tumours with low sPLA2 immunoreactive score.
However, this difference did not reach the level of sta-
tistical significance (P=0.06). There was no significant
relationship between sPLA2 expression and the other
pathological features of the tumours studied, including
tumour size, depth of infiltration, degree of the stromal
inflammation, lymph-node involvement, pTNM staging
and Lauren’s classification.

cPLA2 expression was detected in 18% (13 of 73) of
the tumour specimens. cPLA2 staining in tumour cells
was cytoplasmic with often basal reinforcement (Fig. 3A–
B). Staining intensity was moderate in the majority of the
cases. Staining pattern for cPLA2 did not differ between
the tumour centre and the tumour invasion front. Ex-
pression of cPLA2 was categorised according to its
observed distribution in order to obtain well-balanced

Fig. 2 Immunohistochemical analysis of secretory phospholipase
A2 (sPLA2) in Barrett’s adenocarcinoma. A, B Strong and diffuse
immunostaining in a well (A) and a poorly (B) differentiated
Barrett’s adenocarcinoma. C Moderate immunostaining in a well-

differentiated Barrett’s adenocarcinoma. D Signet ring-cell carci-
noma showing no staining for sPLA2 (�200) (immunoperoxidase
with nuclear counterstain by Mayer’s haematoxylin)
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Table 1 Relationship between secretory phospholipase A2
(sPLA2) expression and pathological features in 67 cases of Bar-
rett’s adenocarcinoma

n sPLA2 (%) P value

Low High

Tumour differentiation 0.01
Well 27 22 78
Moderate 23 48 52
Poor 8 12 88
Mucinous/signet ring cell 9 78 22
Stromal inflammation 0.19
Mild 13 54 46
Moderate 44 36 64
Strong 10 50 50
Vascular invasion 0.54
Present 56 36 64
Absent 11 45 55
Perineural invasion 0.54
Present 38 34 66
Absent 29 41 59
Depth of invasion 0.88
Early 14 36 64
Advanced 53 38 62
Nodal involvement 0.23
Present 41 32 68
Absent 26 46 54
Distant metastasis 0.99
Present 8 38 62
Absent 59 37 63
Rosenberg’s classification 0.08
I 2 0 100
II 18 61 39
III or IV 47 31 69
Lauren’s classification 0.15
Intestinal type 53 32 68
Diffuse type 10 50 50
Indefinite 4 75 25
COX-2 expression 0.06
Low 41 46 54
High 19 21 79

Table 2 Relationship between cytoplasmic phospholipase A2
(cPLA2) expression and pathological features in 73 cases of Bar-
rett’s adenocarcinoma

n cPLA2+
(%)

cPLA2
(%)

P value

Tumour differentiation 0.07
Well 29 31 69
Moderate 24 8 92
Poor 10 20 80
Mucinous/signet ring cell 10 0 100
Stromal inflammation 0.38
Mild 17 6 94
Moderate 44 23 77
Poor 11 18 82
Vascular invasion 0.003
Present 60 12 88
Absent 13 46 54
Perineural invasion 0.04
Present 41 10 90
Absent 32 28 72
Depth of invasion 0.02
Early 16 38 62
Advanced 57 12 88
Nodal involvement 0.21
Present 45 13 87
Absent 28 25 75
Distant metastasis 0.57
Present 9 11 89
Absent 64 19 81
Rosenberg’s classification 0.21
I 4 25 75
II 18 33 67
III or IV 51 11 89
Lauren’s 0.27
Intestinal type 55 22 78
Diffuse type 14 7 93
Indefinite 4 0 100
COX-2 expression 0.72
Low 45 16 84
High 21 19 81

Fig. 3 Immunohistochemical analysis of cytoplasmic phospholi-
pase A2 (cPLA2) in Barrett’s adenocarcinoma. A Strong immu-
nostaining in a moderately differentiated Barrett’s adenocarcinoma.
B Moderate immunostaining in a well-differentiated Barrett’s ad-

enocarcinoma. Staining is cytoplasmic with a basal reinforcement
(�200) (immunoperoxidase with nuclear counterstain by Mayer’s
haematoxylin)
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groups that were suitable for statistical analysis. We chose
the cut-off value greater than zero to obtain a positive (or
high expresser) group containing enough tumours (13
tumours). The relationship between cPLA2 expression
and the pathological features of the tumours is shown in
Table 2. Superficial carcinomas (confined to the mucosa
or the submucosa, pT1) were more frequently positive
than the infiltrative cases (38% vs 12%, P=0.02). Tu-
mours without neoplastic vascular or perineural invasion
were more frequently positive than those with vascular or
perineural invasion (46% vs 12%, P=0.003 and 28% vs
10%, P=0.04, respectively). There was a tendency for a
relationship between cPLA2 expression and tumour dif-
ferentiation: 31% (9 of 29) of the well-differentiated
Barrett’s adenocarcinomas were positive compared with
none (0 of 10) of the mucinous and signet ring cell
carcinomas. However, this difference did not reach sig-
nificance (P=0.07). There was no significant associa-
tion between cPLA2 expression and the other selected
pathological features, including tumour size, depth of
infiltration, degree of the stromal inflammation, lymph-
node involvement, distant metastasis, pTNM staging and
Lauren’s classification. There was no significant differ-
ence between the cPLA2 positive and negative cases re-
garding COX-2 expression.

Survival

At the time of analysis, 15 patients of 73 were alive with a
mean follow-up of 93.5 months (median 90.7 months;
range 41.1–189.4 months) after tumour resection. Five
patients who died of diseases other than Barrett’s ade-
nocarcinoma were used in this analysis with survival
times censored at the time of death. Overall median sur-
vival was 18.5 months, and 5-year survival rate was 33%.
The survival analysis showed no significant prognostic
value for cPLA2 and sPLA2 expression in Barrett’s ad-
enocarcinoma (data not shown).

Discussion

The present study demonstrates the increased expression
of sPLA2 and, to a lesser extent, of cPLA2 in Barrett’s
mucosa and Barrett’s adenocarcinoma. To our knowl-
edge, this is the first study that focused on sPLA2 and
cPLA2 expression in Barrett’s oesophagus.

Previous works have shown that carcinogenesis in
Barrett’s oesophagus is associated with upregulation of
COX-2 [23, 27, 33]. COX-2 inhibitors have been reported
to reduce the risk of development of oesophageal ade-
nocarcinoma, in animal models [4]. Furthermore, a recent
clinical study indicates that COX-2 inhibition may be
interesting in chemoprevention of oesophageal cancer by
decreasing the cell proliferation in human Barrett’s mu-
cosa [19]. According to these reports, it may be supposed
that an optimal level of COX metabolites is necessary to
support tumour growth in Barrett’s oesophagus. The in-

creased expression of sPLA2 and, to a lesser extent, of
cPLA2 that we observed in our series of Barrett’s oe-
sophagus is in accordance with the eicosanoid production
involved in tumour development since overexpression of
these enzymes seems to be a contributing substrate to the
COX-2 pathway necessary to produce prostaglandins by
releasing arachidonic acid from cell membrane phos-
pholipids [1, 28].

The specificity of the two antibodies used in our study
was first investigated by performing antibody adsorption
studies with its purified protein for sPLA2 and a cognate
blocking peptide for cPLA2 which completely blocked
sPLA2 and cPLA2 immunoreactivity in Barrett’s adeno-
carcinoma [41]. Expression of sPLA2 in human intestinal
tract has been previously analysed by immunohisto-
chemistry and in situ hybridisation with both immunore-
active PLA2-II protein and PLA2-II mRNA detected in
Paneth cells and columnar cells of the inflamed intestinal
mucosa especially in Crohn’s disease and ulcerative co-
litis [12, 13]. We then analysed sPLA2 and cPLA2 ex-
pression in normal oesophageal epithelium and in oe-
sophageal squamous cell carcinoma. Normal oesophageal
epithelium showed inconsistent sPLA2 expression and an
absence of cPLA2 expression. However, we observed an
increased expression of sPLA2 and to a lesser extent of
cPLA2 in oesophageal squamous cell carcinoma. These
findings suggest that PLA2 is not only associated with
Barrett’s neoplastic transformation but is probably in-
volved in squamous carcinogenesis of the oesophagus.
Additional studies would be necessary to explore the
precise role of PLA2 in oesophageal squamous cell car-
cinogenesis.

Barrett’s mucosa negative for intraepithelial neoplasia
showed in our series a weak sPLA2 expression with no
cPLA2 detectable expression. These results are in accor-
dance with previous data showing an absence or a very
weak sPLA2 and cPLA2 expression in the epithelial cells
of the normal colonic mucosa [41]. sPLA2 was strongly
expressed in Paneth cells, as it has been previously re-
ported [21, 29]. The increasing rate of sPLA2 and to a
lesser extent of cPLA2 that we observed during mor-
phological steps of Barrett’s carcinogenesis is in agree-
ment with preliminary data demonstrating that COX-2
expression is enhanced in Barrett’s mucosa and increases
as the neoplastic process progresses to intraepithelial
neoplasia and to adenocarcinoma [27, 33]. On the con-
trary, COX-2 expression was found to be unrelated to the
degree of intraepithelial neoplasia, in our series of Bar-
rett’s adenocarcinoma [23]. Contradictory results have
been obtained for sPLA2 expression in colorectal carci-
nogenesis. Studies in the Min mouse, a murine model for
FAP, have shown that mutations in the sPLA2 gene
correlated well with an increased tumour number sug-
gesting a protective effect of sPLA2 expression on colo-
rectal carcinogenesis [7, 26]. In contrast, sPLA2 does not
appear to be implicated in the development of phenotypic
variation in human FAP as no inactivating mutations in
the sPLA2 gene were identified in this disease [8, 39]. In
addition, Kennedy et al. described an overexpression of
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sPLA2 messenger RNA in colorectal adenomas of FAP
[20]. The functional role of cPLA2 in colon tumourige-
nesis is not elucidated. Recent genetic studies in the APC
Min mouse support the notion that cPLA2 may play a role
in the expansion of polyps in the small intestine but is not
involved in colorectal carcinogenesis as the mutation or
deletion of the cPLA2 gene does not affect the number or
size of the colonic polyps [16, 40].

sPLA2 was frequently expressed in Barrett’s adeno-
carcinoma. The prevalence of sPLA2 expression in
Barrett’s adenocarcinoma is comparable with the rate of
66% described in a recently reported series of 48 cases
of colorectal adenocarcinomas [41]. Overexpression of
sPLA2 has been reported in several types of digestive
cancers. There is increased sPLA2 expression in gastric
adenocarcinoma, small-bowel adenocarcinoma, hepato-
cellular carcinoma and pancreatic adenocarcinoma [18,
25, 29, 41, 44]. The upregulation of sPLA2 in our study is
also consistent with the frequent enhanced expression of
COX-2 reported in Barrett’s adenocarcinoma [23, 27, 33].
Moreover, in our series, sPLA2 expression and COX-2
expression showed a tendency to be related to each other;
however, this relationship did not reach the level of sig-
nificance. These results are in accordance with the re-
ported functional coupling of these enzymes that seems to
be necessary to produce prostaglandins E2 involved in
tumour development [1, 28]. In our study, we found a
significant relationship between sPLA2 expression and
tumour differentiation. Most mucinous and signet ring
cell carcinomas showed no or low expression of sPLA2.
These results are in agreement with the expression of this
enzyme in gastric carcinoma where the mucinous ade-
nocarcinoma and signet ring cell carcinoma failed to ex-
press this protein [29]. However, in our study, sPLA2
expression and tumour type following Lauren’s classifi-
cation were not related to each other. This latter result is
probably in part explained by the fact that, in our series,
the group of diffuse-type carcinomas according to Lau-
ren’s classification is not composed exclusively of tu-
mours classified as signet-ring cell tumours in the WHO
classification but also consisted of poorly differentiated
adenocarcinomas. In our study, we did not find a signif-
icant correlation between sPLA2 expression and any of
the usual parameters that are associated with tumour
progression, such as tumour depth, vascular invasion,
lymph-node involvement and distant metastases. We were
unable to demonstrate any prognostic value of sPLA2
expression. Studies dealing with the relationship between
sPLA2 expression and tumour progression showed con-
tradictory results. Some studies have suggested a protec-
tive effect for sPLA2 against tumour progression. Ex-
pression of sPLA2 has been reported to be significantly
associated with longer survival and less frequent metas-
tasis in gastric adenocarcinomas [25]. Upregulation of
sPLA2 has also been related to longer survival after sur-
gery in pancreatic cancer [18]. In contrast, other studies
have suggested that sPLA2 may play a role in tumour
development. In gastric cancer, sPLA2 expression was
associated with the invasive areas of the tumours [29]. In

breast cancer and in prostatic adenocarcinoma, sPLA2
was reported to be associated with aggressive clinico-
pathological features of the tumours and with poor
prognosis [11, 43].

In this study, we have demonstrated by immunohis-
tochemistry an overexpression of cPLA2 in only 18% of
Barrett’s adenocarcinoma. This result differs from the
high prevalence of COX-2 expression (97%), previously
reported in our series of Barrett’s adenocarcinoma [22].
However, an experimental study by Dong et al. has re-
cently demonstrated an inverse relationship between
cPLA2 expression and COX-2 expression during mouse
colon carcinogenesis with reduced levels of cPLA2 in
colon tumours despite increased expression of COX-2 and
prostaglandin E2 (PGE2) [9]. The low expression of
cPLA2 found in our series concurs with one of our pre-
vious reports showing the absence of Ki-ras mutation in
the same series, as cPLA2 has been reported to be a ras-
inducible enzyme [15, 22]. cPLA2 expression has been
diversely appreciated in digestive cancer. Wendum et al.
[41] recently reported a rate of cPLA2 positivity of 35%
in a series of colorectal adenocarcinomas, whereas Soy-
dan et al. [37] did not demonstrate any significant dif-
ference in the amount of cPLA2 in colorectal cancer
compared with the associated normal mucosa. Mean
amount and activity of cPLA2 was also reported to be
similar in normal gastric mucosa and in gastric adeno-
carcinoma [36]. In contrast to sPLA2, cPLA2 expression
was inversely correlated to aggressive features of the tu-
mour such as depth of infiltration, vascular neoplastic
invasion, and perineural neoplastic invasion. Our results
suggest that cPLA2 expression may delineate some tu-
mours with less aggressive behaviour. However, we did
not demonstrate any prognostic value of cPLA2. The
significance of cPLA2 overexpression in digestive carci-
nomas has been diversely appreciated. Two studies in
animal models have suggested that cPLA2 expression
promote tumorigenesis in the small intestine with a de-
crease in intestinal tumorigenesis in the APC mouse de-
ficient for cPLA2 and does not play a role either in the
initiation process or in the polyp expansion in the colon
[16, 40]. In contrast, a recent study in a mouse model has
suggested that downregulation of cPLA2 may decrease
TNF-alpha-induced apoptosis during mouse colon carci-
nogenesis, thus leading to tumour growth [9].

In conclusion, sPLA2 is frequently upregulated in
Barrett’s oesophagus. The constant increasing rate of
sPLA2 expression that we observed from Barrett’s
metaplasia to adenocarcinoma suggests that sPLA2 may
play a role during Barrett’s carcinogenesis. cPLA2 is less
frequently expressed in Barrett’s adenocarcinoma. cPLA2
expression is inversely related with aggressive patholog-
ical features of the tumour and may be a marker for de-
lineating a subset of tumours with less aggressive be-
haviour. Further investigations with functional studies on
tumour cells are required to give more information about
the functional significance of these enzymes in Barrett’s
adenocarcinoma and to evaluate the possible association
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between sPLA2 and COX-2 in the eicosanoid production
in Barrett’s carcinogenesis.
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Abstract Simian virus 40 (SV40) is known to induce
primary brain tumors and lymphomas in animal models.
Recently, it was also associated with the pathogenesis of
human non-Hodgkin’s lymphomas. In the present study,
we investigated primary central nervous system lym-
phomas (PCNSL), a defined subgroup of diffuse large B-
cell lymphoma confined to the central nervous system, for
the presence of SV40 DNA. Frozen tissue samples of 23
PCNSL derived from human immunodeficiency virus-
negative patients were analyzed by two different, fully
nested polymerase chain reaction protocols. SV40 DNA
sequences could not be detected in any of these samples.
Thus, SV40 can be added to the list of viruses that have
already been excluded as pathogenetically relevant co-
factors in PCNSL.

Keywords PCNSL · SV40

Introduction

Infection with various viruses, including Epstein–Barr
virus (EBV), human herpes virus 8 (HHV-8), and simian
virus 40 (SV40), is assumed to play a major role in the
pathogenesis of some lymphoma entities, such as Bur-
kitt’s lymphoma or primary effusion lymphoma. In pri-
mary central nervous system (CNS) lymphomas (PC-
NSL), EBV infection is regularly observed in acquired
immunodeficiency syndrome (AIDS) patients [6]. In
contrast, EBV is apparently not involved in the patho-
genesis of PCNSL of immunocompetent human immu-
nodeficiency virus (HIV)-negative patients [6]. Interest-
ingly, a characterization of immunoglobulin genes in this
subgroup of PCNSL demonstrated that the tumor cells
had experienced a germinal center reaction [4, 10].
Moreover, the PCNSL tumor cells or their precursors
show patterns of immunoglobulin mutations suggestive of
an—at least temporarily—antigen-driven selection for
expression of a functional antibody [4]. Thus, it is
tempting to speculate that a hitherto unknown antigen in
the CNS may trigger proliferation of the malignant B cells
or their precursors. In this regard, proteins of neurotropic
viruses with the capacity to persist in the CNS are at-
tractive candidate antigens. However, attempts to identify
a causative pathogen have failed thus far.

It is known from animal models that SV40 can induce
primary brain tumors and lymphomas [2]. These lym-
phomas were mainly of the diffuse large B-cell type
(DLBCL) [2]. Recent studies reported that 42% and
43%, respectively, of systemic non-Hodgkin lymphomas
(NHL) harbor SV40 DNA sequences [9, 11]. The inci-
dence was particularly high in DLBCL, reaching 63% and
48%, respectively [9, 11]. These data suggested that SV40
infection was a cofactor in the pathogenesis of these
germinal center cell-derived lymphomas. As PCNSL are
also derived from germinal center B cells, one may
speculate that these lymphomas may also be driven by
SV40. Thus, we analyzed a series of 23 PCNSL derived
from HIV-negative patients for the presence of SV40
DNA.
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Materials and methods

Tumor samples

PCNSL samples from 23 patients were included. All investigations
were approved by the ethics committee of the University of Bonn;
informed consent was provided according to the Declaration of
Helsinki. All patients were HIV negative as tested by serology.
There was no evidence of DLBCL manifestation outside the CNS
in any patient. Most samples were obtained by stereotactic biopsy.
Prior to neurosurgical intervention, all patients were untreated and
had received neither corticosteroids nor radiotherapy. Tumor
samples were stored at �80�C until used for molecular biological
analysis. Cryostat sections 10 �m thick were cut from the blocks to
assure that the frozen tissue contained sufficient numbers of tumor
cells.

Histopathology

All tumors were histopathologically classified according to the
World Health Organization classification [1]. The diagnoses were
based on a combination of hematoxylin-eosin and Giemsa stains as
well as immunohistochemistry.

The expression of the B-cell-specific antigen CD20, the leu-
kocyte common antigen CD45RB, CD45RO, the T-cell-specific
antigen CD3, the macrophage-specific antigen CD68, and the
proliferation-associated nuclear antigen Ki-67 (all antibodies from
Dako, Hamburg, Germany) was studied using an avidin-biotin-
peroxidase complex protocol as described previously [4].

DNA extraction and PCR protocols

DNA was extracted from frozen tissue with the NucleoSpin Tissue
Kit (Clontech Laboratories, Heidelberg, Germany). DNA was dis-
solved in 40 �l TE low buffer (10 mM TRIS, 1 mM EDTA, pH 7.6).
Of this DNA stock solution, 500 ng DNA was used in each first
round of nested polymerase chain reaction (PCR).

To assess the integrity and quality of the DNA preparations, a
195-, 450-, and 650-bp DNA fragment of the human TP53 gene
was amplified out of 100 ng DNA as a control cellular gene ac-
cording to a single-step PCR protocol described in detail previously
[5].

Furthermore, to assure that the DNA extraction protocol is
suitable to isolate circular DNA, a nested PCR protocol for 100 ng
DNA to amplify sequences of the mitochondrial control region was
established. As primers, Mit_CRexF 50-TCC ACC ATT AGC ACC
CAA AG-30 and Mit_CRexR 50-TGG CTT TGG AGT TGC AGT
TG-30 were used, amplifying a 280-bp PCR product [according to
accession number AF382013, nucleotides (nt) 15976–16256].
Amplification was carried out for one cycle at 95�C for 5 min, 56�C
for 30 s, and 72�C for 1 min, followed by 34 cycles at 95�C for
1 min, 56�C for 30 s, and 72�C for 1 min. A final extension step at
72�C for 10 min was added. Of the PCR product, 5 �l was further
amplified using the two fully nested primers Mit_CRinF 50-TGT
TCT TTC ATG GGG AAG C-30 and Mit_CRinR 50-GAT AGT
TGA GGG TTG ATT GC-30 to yield a 211-bp product (nt 16020–
16231). Cycling conditions were identical to the first amplification
round.

To detect SV40 DNA sequences in cerebral tissues as well as in
two cell lines, SV-80 and COS-7 (kindly provided by Dr. H.
Deppert, Heinrich-Pette-Institut, Hamburg, Germany), character-
ized by 10–30 episomal SV40 DNA copies (SV80) and one inte-
grated SV40 copy (COS-7), respectively, which served as controls,
nested PCR with two protocols employing different sets of primers
was performed using 500 ng DNA. The first protocol was designed
to amplify a DNA fragment encoding the regulatory region. Pri-
mers SV_RRexF 50-GTC CAT TAG CTG CAA AGA TTC CTC-30

and SV_RRexR 50-GCG TGA CAG CCG GCG CAG CAC CA-30

were used, amplifying a 483-bp PCR product (according to ac-
cession number J02400, nt 5119–358). Amplification was carried

out for one cycle at 95�C for 5 min, 62�C for 30 s, and 72�C for
1 min, followed by 44 cycles at 95�C for 1 min, 62�C for 30 s, and
72�C for 1 min. A final extension step at 72�C for 10 min was
added. Of the PCR product, 5 ml was further amplified using
the two fully nested primers SV_RRinF 50-CTA GGC CTC CAA
AAA AGC CTC-30 and SV_RRinR 50-AAT GTG TGT CAG
TTA GGG TGT G-30 to yield a 322-bp product (nt 5188–266).
Cycling conditions were identical to the first amplification round.
In addition, a second nested PCR protocol was designed to amplify
a DNA fragment of the large T antigen carboxy-terminal region.
First, SV_TagexF of 50-GCA TGA CTC AAA AAA CTT AGC
AAT TCT-30 and SV_TagexR of 50-CTT TGG AGG CTT CTG
GGA TGC AAC T-30 were used as primers. Amplification was
carried out for one cycle at 95�C for 5 min, 56�C for 30 s, and 72�C
for 1 min, followed by 44 cycles at 95�C for 1 min, 56�C for 30 s,
and 72�C for 1 min. A final extension step at 72�C for 10 min was
added. This protocol yielded a 573-bp PCR product (nt 4372–
4945). Of the PCR product, 5 �l was added as template in a second
round with the same cycling conditions and two fully nested pri-
mers—SV_TaginF 50-GGA AAG TCC TTG GGG TCT TCT ACC-
30 and SV_TaginR 50-TAG ATT CCA ACC TAT GGA ACT GAT-
30—resulting in a 172-bp PCR product (nt 4402–4574). Each DNA
sample was investigated in duplicate, and each PCR was performed
in a final volume of 50 �l.

Results

PCR analysis of PCNSL did not detect SV40 DNA se-
quences in any sample of this series of 23 tumors (Fig 1).
All DNA samples proved to be of sufficient quality as
evidenced by the effective amplification of a 195-, 450-,
and 650-bp DNA fragment of the TP53 gene. In addition,
the mitochondrial control region was efficiently ampli-
fied, assuming that the DNA extraction protocol had
yielded circular DNA in all 23 tumor samples and con-
trols.

In contrast to PCNSL, both the SV-80 as well as the
COS-7 cell line gave rise to a SV40-specific DNA frag-
ment of 322 bp and 172 bp of the SV40 regulatory region
and the large T antigen region, respectively (Fig 1).

Fig. 1 Polymerase chain reaction (PCR) analysis of SV40 large T
antigen sequences in primary central nervous system lymphomas
(PCNSL). In contrast to SV80 and COS7, none of the PCNSL
harbored SV40 large T antigen sequences as detected in a fully
nested PCR protocol. M 100 base pair DNA marker; � negative
control
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Discussion

The present study demonstrates that, while SV40 DNA
sequences corresponding to the SV40-specific regulatory
region or to the SV40 large T antigen carboxy-terminal
region of the SV40 gene were readily detected in the
SV-80 and COS-7 cell lines, SV40 DNA sequences were
not amplified from any of 23 PCNSL. These data suggest
that SV40 does not play a role in the pathogenesis of
PCNSL in immunocompetent patients. Therefore, this
virus can be added to the list of viruses such as EBV,
HHV-6, and HHV-8, which have already been excluded
as pathogenetically relevant cofactors in PCNSL [6, 7].
Compared with other lymphoma entities, which have re-
cently been investigated for the presence of SV40 DNA,
conflicting results have been obtained. While two studies
detected SV40-specific large T antigen DNA in 64 of 154
NHL (42%) and in 29 of 68 NHL (43%), most frequently
in DLBCL, follicular lymphoma, and Burkitt’s lympho-
ma, respectively [9, 11], these data were not confirmed by
others. For example, SV40 DNA was absent from a
comprehensive series of 152 samples derived from vari-
ous lymphoma entities, including DLBCL, follicular
lymphoma, and mantle cell lymphoma [3]. This was also
observed by Rizzo et al. [8], who detected SV40 DNA in
mesotheliomas, but not in any of 29 NHL.

Taken together, the majority of studies available at
present concluded that SV40 is not involved in lym-
phomagenesis, and the present study adds PCNSL to this
group. However, whether other viruses, which have still
escaped detection, may play a role in the pathogenesis of
PCNSL is still an open question.
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Abstract Active caspase 3 is considered to be the main
executioner caspase in apoptotic process. The mecha-
nisms of apoptosis in laryngeal squamous cell carcinoma
(LSCC) have been investigated by examining the ex-
pression profiles of pro-caspase 3 and active-caspase 3.
The correlation between the two forms of caspase 3 and
the p53 status was also determined. LSCCs (n=65) were
studied using immunohistochemistry with antibodies to
pro-caspase 3, active-caspase 3 and p53. The expression
of pro-caspase 3 was absent or weak in 16 (24.6%),
moderate in 21 (32.3%) and strong in 28 (43.1%) cases.
Survival curves for different levels of pro-caspase 3 dif-
fered, but the differences were not statistically significant.
An apoptotic index (AI) was determined by quantifying
the active-caspase 3-positive cells. The AI ranged from
0.2% to 9.4% and did not differ among the different levels
of pro-caspase 3 expression. Even in cases in which the
expression of pro-caspase 3 was considered negative,
caspase 3-positive apoptotic cells were found. The AIs
were significantly higher in supraglottic tumours com-
pared with glottic counterparts (P=0.008) and were higher
in poorly differentiated tumours compared with well-
differentiated and moderately differentiated LSCC (P=
0.06). No correlation between AI and p53 expression was
found, although pro-caspase 3 expression trended to be
higher in the p53-positive group of LSCC. Our results
suggest that the expression of pro-caspase 3, a key exe-
cutioner caspase in apoptosis, is downregulated in a
proportion of LSCC, but this is not associated with de-

creased apoptotic activity, measured by active-caspase 3
labelling.

Keywords Apoptosis · Caspase · Laryngeal squamous
cell carcinoma · p53

Introduction

Apoptosis is an essential biological process of active cell
death, characterised by morphological alterations, in-
cluding condensation of the nuclear chromatin, compac-
tion of cytoplasmic organelles, membrane blabbing and
cellular fragmentation into apoptotic bodies [16]. It has
become clear, 30 years after Kerr and colleagues [16]
described apoptosis as a basic biological phenomenon,
that altered programmed cell death plays an important
role in carcinogenesis. Inappropriate survival and propa-
gation of cells with damaged DNA may contribute to the
development of neoplasia and metastases [25]. The
apoptotic programme is executed with a cascade of se-
quential activation of initiator and effector caspases, a
family of cysteine-dependent aspartate-specific proteases.
Caspases are synthesised as inactive pro-enzymes and
must be proteolytically activated to produce mature, cat-
alytically active heterodimers, which specifically cleave
target proteins. The caspase family has at least 14 mem-
bers, which are divided into two groups, based on their
function [37]. Caspases 8 and 9 have long prodomains
and function in targeting and regulating apoptosis,
whereas caspases 3, 6 and 7 have short prodomains and
are responsible for the execution of apoptosis. Caspase 3
is among the most studied caspase and is considered the
key effector caspase. Proteolytic cleavage at an aspartate
residue of the 32-kDa pro-caspase 3 zymogene produces
two active fragments of 17–21 kDa and 10–12 kDa,
which form an active heterotetrameric structure [19].
During the execution of apoptosis, caspase 3 is respon-
sible, either partly or totally, for the proteolytic cleavage
of a large number of proteins and for apoptosis-associated
chromatin margination, DNA fragmentation and nuclear
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collapse during apoptosis. The detection of activated
caspase 3 could, therefore, be a valuable and specific tool
for identifying apoptotic cells in tissue sections, even
before all the morphological features of apoptosis occur
[1].

Only a few studies on the clinical significance of
caspase 3 expression in squamous cell carcinoma have
been reported [29, 37]. Volm et al. [34] described caspase
3 expression in lung squamous cell carcinoma and Hsia et
al. [12] analysed caspase 3 expression in oesophageal
squamous cell carcinoma. However, only the inactive pro-
enzyme was analysed in those studies. Whether squamous
carcinoma cells contain active-caspase 3 capable of trig-
gering apoptosis, thus, remains to be determined. As far
as we know, there is no published immunohistochemical
analysis of pro- and active-caspase 3 expression on la-
ryngeal squamous cell carcinoma (LSCC).

In this study, our principal aim was to examine ap-
optosis in LSCC using immunohistochemistry with anti-
bodies specific for the active and non-active form of
caspase 3. We correlated the expression of pro-caspase 3
and active-caspase 3 with tumour histopathological char-
acteristics. We also analysed the correlation between the
expression of pro- and active-caspase 3 and p53 status.
Furthermore, we determined the prognostic value of both
forms of caspase 3.

Materials and methods

The study material was derived from 65 unselected cases of LSCC
on which clinical follow-up and biopsy specimens were available
for analysis from the 1991–1995 files of the Institute for Pathology,
Medical Faculty of Ljubljana, Slovenia. Tumours were classified,
according to the World Health Organization classification [27], as
well-differentiated, moderately differentiated and poorly differen-
tiated LSCC. The single best tissue block available for each patient
was selected for the study. Block selection was based on the largest
amount of well-fixed, histologically viable tumour tissue.

Sections (5-mm thick) from archival formalin-fixed paraffin-
embedded tissues were placed on poly-l-lysine-coated slides for
immunohistochemistry. Sections were dewaxed in xylene, rehy-
drated in alcohol and blocked for endogenous activity (3% H2O2
and normal rabbit serum). Antigen retrieval was carried out by
pressure cooking in citrate buffer, pH 6.0. The sections were then
incubated overnight at 4�C with primary antibodies. For analysis of
pro-caspase 3 expression, we used polyclonal rabbit anti-human
caspase 3/CPP32 antibody (Dako, Denmark), diluted 1:100, for
active-caspase 3 monoclonal mouse against human cleaved caspase
3 antibody at a dilution of 1:100 (Cell Signaling, MA, USA), and
for p53 monoclonal mouse anti human p53 antibody, DO-7 (Dako,
Denmark), diluted 1:100, were used. According to the manufac-
turer, anti-CPP32 antibody recognises the unprocessed pro-caspase
3 molecule. Anti-cleaved caspase 3 antibody specifically recog-
nises the large fragment (17 kDa) of activated, but not full length,
caspase 3. Bound antibodies were detected using an aviditin-biotin
peroxidase complex (ABC) detection kit (Dako, Denmark) with
3,30 diaminobenzidine (DAB, Sigma Chemical Co, Germany) for
5 min as chromogen. Slides were then lightly counterstained with
haematoxylin. The specificity of the antibodies used was checked
with positive or negative control sections. Sections treated without
the primary antibodies served as negative controls. For positive
controls, tonsil tissue section was processed in the same way as the
LSCC slides.

Two pathologists, without knowledge of the tumour response or
patient outcome, semi-quantitatively evaluated the pro-caspase 3
slides according to the proportion of positive tumour cells. Tu-
mours were scored as 1+ when none or less than 5% of the tumour
cells were slightly positive, 2+ if most of the tumour cells were
moderately positive and 3+ if more than 75% of the tumour cells
were strongly positive. Scoring differences between observers were
resolved by consensus. Immunoreactivity for active-caspase 3 was
evaluated quantitatively by counting at least 1000 tumour cells at
high-power magnification. Apoptotic bodies, occurring in distinct
groups, which were likely to have originated from the same
apoptotic cell, were recorded as one apoptotic cell. The number of
apoptotic cells, expressed as the apoptotic index (AI) was calcu-
lated as the percentage of apoptotic tumour cells. Tumours were
considered p53 positive when more than 50% of tumour-cell nuclei
were stained.

Statistical analysis was performed using SPSS 10.0 for Win-
dows. The differences in the numerical data of various groups were
evaluated using the Mann-Whitney and Kruskal-Wallis tests. The
Cox proportional hazard model was used to assess prognostic
values of different variables. Overall survival rates were presented
by Kaplan-Meier curves.

Results

Included in the study were 65 patients with LSCC. At the
time of diagnosis, patients were aged between 37 years
and 78 years (mean 59.5 years). Of these patients, 63 were
men and 2 were women. Of patients, 41 (63%) had
squamous cell carcinoma of the glottic region, with the
remaining 24 (37%) patients having tumours of the
supraglottis. Of the tumours, 11 (16.9%) were well dif-
ferentiated, 33 (50.8%) were moderately differentiated
and 21 (32.3%) were poorly differentiated.

Malignant epithelium exhibited a heterogeneous pat-
tern of pro-caspase 3 expression. Pro-caspase 3 immu-
noreactivity in the tumour cells was diffuse and observed
mainly in the cytoplasm, though, in some cases, nuclear
staining was also found (Fig. 1). In cases exhibiting weak
staining, the immunoreactivity was more prominent in the
outer part of tumour nests than in the inner part. Some
inflammatory cells and stromal cells exhibited strong pro-
caspase 3 immunoreactivity and served as an internal
positive control. The level of pro-caspase 3 expression
was evaluated semi-quantitatively. The degree of pro-
caspase 3 expression in different groups of LSCC is
summarised in Table 1. In 16 (24.6%) cases, staining was
negative or positive in less than 5% of the tumour cells. In
21 (32.3%) cases, the staining was moderate, and in
28 (43.1%) cases, the expression of pro-caspase 3 was
strong. In 14 cases, hyperplastic mucosa was found ad-
jacent to carcinoma. In most such cases, the expression of
pro-caspase 3 was similar or increased in the carcinoma
compared with the epithelium in different types of hy-
perplastic laryngeal lesions; although, in some cases, the
expression of pro-caspase 3 in the carcinoma was clearly
weaker than that of the hyperplastic epithelium or even
absent (Fig. 2). There was no significant correlation be-
tween pro-caspase 3 expression and tumour cell differ-
entiation. However, in 12 (57.1%) of 21 poorly differ-
entiated tumours, the expression of pro-caspase 3 was
strong (3+) in comparison with just 2 (19.2%) of well-
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differentiated LSCC. The level of pro-caspase 3 expres-
sion tended to differ between glottic and supraglottic sites
of the tumour. Among the supraglottic tumours, 23
(56.1%) were strongly positive (3+) for pro-caspase 3;
only 6 (25%) of the glottic group were strongly positive
(Table 1). Kaplan-Meier survival curves for different
levels of pro-caspase 3 differed, but the differences were
not statistically significant (Fig. 3).

To test whether the level of pro-caspase 3 expression
influences apoptotic rate, caspase 3 activation was anal-
ysed immunohistochemically, using an antibody that

specifically recognises the activated form of caspase 3.
The reaction to caspase 3 was strong and was detected in
the cytoplasm and nucleus of the apoptotic cells. As a
rule, caspase 3-positive cells displayed the morphology of
apoptotic cells (condensed and fragmented chromatin,
shrunken cytoplasm) (Fig. 4). A few cells with normal
cellular morphology were also immunolabelled. The
apoptotic index ranged from 0.2% to 9.4% (mean 2.7%).
Although a trend was clearly detected towards higher AI
with increased grade of tumour, the differences failed to
reach statistical significance (Table 2). Even in cases

Fig. 1 Immunohistochemical staining for pro-caspase 3 in laryn-
geal squamous cell carcinoma. A Weak reaction (1+) in tumour
cells and strong pro-caspase 3-positive lymphocytes. B Strong (3+)

cytoplasmic and nuclear reaction in tumour cells (immunohisto-
chemistry, �100)

Table 1 Pro-caspase 3 expres-
sion in different groups of la-
ryngeal squamous cell carcino-
ma

n (%) Pro-caspase 3—number of cases (%) P value

1+ 2+ 3+

p53 65 0.112
Negative 43 (66.2) 12 (27.9) 15 (34.8) 16 (37.3)
Positive 22 (33.8) 3 (13.7) 6 (27.2) 13 (59.1)

Localisation 65 0.066
Glottis 24 (36.9) 8 (33.3) 10 (41.7) 6 (25.0)
Supraglottis 41 (63.1) 7 (17.1) 11 (26.8) 23 (56.1)

Differentiation 65 0.125
Well 11 (16.9) 5 (45.5) 4 (36.3) 2 (19.2)
Moderate 33 (50.8) 5 (15.2) 13 (39.4) 15 (45.4)
Poor 21 (32.3) 5 (23.8) 4 (19.1) 12 (57.1)
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where the expression of pro-caspase 3 was considered
completely negative, caspase 3-positive apoptotic cells
were found. The apoptotic index was significantly higher
at the supraglottic location.

We found 22 (33.8%) p53-positive LSCC. There was
no correlation between pro-caspase 3 and p53 expres-
sions. However, in 13 (59.1%) of the p53-positive tu-
mours, pro-caspase 3 expression was strong (3+) in
comparison with just 3 (13.7%) cases where pro-caspase 3
expression was negative or weak (1+). AI was 2.63 in the
p53-negative group and just slightly higher, 2.90, in the
p53-positive group (Table 2). The proportion of p53-
positive LSCC cases was higher (P<0.05) in supraglottic
tumours (39%) than in glottic tumours (25%).

Fig. 2 Expression of pro-caspase 3 in laryngeal squamous cell
carcinoma (LSCC) and non-neoplastic epithelium. Immunohisto-
chemical reaction is positive in hyperplastic laryngeal epithelium
(especially in basal and parabasal cells) (arrow) and stromal in-
flammatory cells, but is absent in tumour cells of invasive LSCC
(arrowhead) (immunohistochemistry, �40)

Fig. 3 Kaplan-Meier survival curves for different levels of pro-
caspase 3 expression (1+, 2+ and 3+). The differences were not
statistically significant (P=0.349)

Fig. 4 Active-caspase 3-positive (apoptotic) tumour cells of la-
ryngeal squamous cell carcinoma (arrowheads) (immunohisto-
chemistry, �400)
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Discussion

Apoptosis is an evolutionary conserved process that reg-
ulates development and homeostasis, and defects in these
pathways are implicated in tumorigenesis. Two distinct
pathways for apoptosis have been characterised, both of
which ultimately result in a proteolytic cascade involving
caspases [15, 22]. In the present study, the expression of
pro- and active-caspase 3, a key caspase implicated in the
execution of apoptosis, was analysed using immunohis-
tochemistry in 65 LSCCs. Immunostaining of pro-caspase
3 was predominantly cytoplasmic and mainly diffuse.
However, some nuclear staining was also found. This is in
line with other studies, in which a cytoplasmic location of
pro-caspase 3 was found [7, 28]. Donoghue et al. [4] also
described punctuate cytoplasmic staining, and they asso-
ciated this pattern with mitochondrial localisation of pro-
caspase 3. We did not find any punctuate staining pattern
in our study. Koomagi and Volm [18] described cyto-
plasmic and nuclear staining for pro-caspase 3 and dem-
onstrated that pro-caspase 3 may be translocated from
the cytoplasm to the nucleus and may be activated in
both cellular compartments. Recently, Ramuz et al. [24]
showed, using confocal microscopy, a nuclear localisation
of pro-caspase 3 in non-apoptotic cells. They described
that active-caspase 3 first appeared in cytoplasm and was
later observed in the nucleus. Despite all these studies, the
localisation of pro- and active-caspase 3 in different cel-
lular compartments remains a controversial issue.

Our data indicate a high degree of variation in the
immunostaining and pattern of expression of pro-caspase
3 in tumour cells, which was not correlated with the in-
cidence of apoptosis in situ. Moreover, there was no
statistically significant correlation between pro-caspase 3
expression and tumour differentiation and localisation.
Our findings are in contrast with a recent report indicating
a correlation between pro-caspase 3 expression and ele-
vated apoptotic activity and histological aggression in
breast cancer [33]. In stomach cancer, there was a ten-
dency for a positive correlation between pro-caspase 3
expression and the deoxynucleotidyl-transferase (TdT)
mediated deoxy uridine triphosphate nick end labelling

(TUNEL) labelling index [11]. However, no correlation
between pro-caspase 3 expression and apoptosis was
found in lung and prostate cancer [28, 29, 31, 37].

In most of our cases, the expression of pro-caspase 3
was similar or increased in the carcinoma in comparison
with the adjacent different types of hyperplastic laryngeal
lesions [14]. In a few cases, the expression in carcinoma
cells was clearly decreased or even absent. Fujikawa et al.
[7] reported significant downregulation of pro-caspase 3
expression in hepatocellular carcinoma compared with
adjacent non-tumour liver tissue. They did not find any
cases in which the expression of the pro-caspase 3 was
stronger in tumour compared with non-tumour tissue. The
authors assumed that downregulation of pro-caspase 3
could be important, since pro-caspase 3 null cells cannot
undergo a rapid and effective apoptotic death programme.
However, in our study, we found active-caspase 3-posi-
tive cells even in apparently pro-caspase 3-negative cases.

Takata et al. [29] described that enhanced expression
of uncleaved, pro-caspase 3 was correlated with poor
prognosis in non-small-cell lung cancer. In contrast, Volm
et al. [34] reported that patients with non-small-cell lung
cancer with positive pro-caspase 3 expression had a sig-
nificantly better prognosis. They speculated that favour-
able survival was achieved by accelerated apoptotic
cancer cell death when pro-caspase 3 was expressed.
Donoghue et al. [4] presented that higher expression of
pro-caspase 3 correlated with better prognosis for B-cell
diffuse large-cell lymphoma, and they associated the
over-expression of pro-caspase 3 with an increased sen-
sitivity to therapy. A recent report indicated that child-
hood neuroblastomas that can spontaneously regress also
had high pro-caspase 3 expression [21]. In our study,
Kaplan-Meier survival curves for different levels of pro-
caspase 3 expression differed, but the differences did not
reach statistical significance.

To test whether the level of pro-caspase 3 expression
influences apoptotic rate, we determined the AI by
quantifying active-caspase 3-positive cells. The antibody
we used to detect apoptotic cells specifically recognises
the large fragment (17 kDa) of activated, but not full-
length, caspase 3. Hadjiloucas et al. [9] recommended the

Table 2 Apoptotic index (% of
active-caspase 3-positive cells)
in different groups of laryngeal
squamous cell carcinoma

n (%) Apoptotic index—% of active-caspase 3-positive cells P value

(Mean€SD)

Pro-caspase 3 65 0.36
1+ 16 (24.6) 2.29€1.96
2+ 21 (32.3) 2.51€1.61
3+ 28 (43.1) 3.16€2.29

p53 65 0.516
Negative 43 (66.2) 2.63€2.02
Positive 22 (33.8) 2.90€2.09

Localisation 65 0.008
Glottis 24 (36.9) 1.91€1.63
Supraglottis 41 (63.1) 3.19€2.07

Differentiation 65 0.06
Well 11 (16.9) 2.76€1.50
Moderate 33 (50.8) 2.19€1.76
Poor 21 (32.3) 3.55€2.36
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method of assessing apoptosis using immunohistochem-
istry with an antibody against the active-caspase 3 as an
accurate and reliable method. This method is sensitive,
specific, easy to apply and free of subjective interpreta-
tion and, therefore, does not require an experienced ob-
server trained to recognise apoptotic cells in tissue sec-
tions. It also does not rely on DNA fragmentation, a late
event in the apoptotic process, as detected by the TUNEL
method [8]. Duan et al. [5] compared the TUNEL method
and the detection of apoptotic cells using an antibody
against active-caspase 3. They found good correlation
between the two methods, but the latter was much easier
and more reliable for detecting and quantifying apoptotic
cells. TUNEL assay is prone to certain pitfalls. For in-
stance, the TUNEL assay is associated with a number of
technical problems, mostly proteinase digestion, with
fixation and processing procedures or with the action of
section cutting or various other pre-treatments. The ad-
vantage of detecting apoptosis using antibodies against
active-caspase 3 as compared with methods such as TU-
NEL assay and determination of apoptotic bodies on
haematoxylin and eosin staining is that it detects apop-
totic cells even before the phenotypic changes are clearly
recognisable. In our study, only a few cells with normal
morphology showed some immunoreactivity, while cells
with an apoptotic nuclear and surface morphology dis-
played strong reactivity in the cytoplasm and nucleus.

Koizumi et al. [17] analysed pro- and active-caspase 3
expression in neuroblastomas. They found some active-
caspase 3-positive cells that were not morphologically
apoptotic, but few morphologically apoptotic cells were
not active-caspase 3 immunohistochemically positive. We
found active-caspase 3-positive cells in all tissue samples.
Some positive cells did not exhibit the morphological
characteristics of apoptotic cells. We assumed that these
were cells in which caspase 3 was activated, but mor-
phological changes had not yet occurred. Daverajan et al.
[3] described that 75% of evaluated breast tumour sam-
ples lacked active-caspase 3 positivity. The AI in the
present study ranged from 0.2% to 9.4%. Izawa et al. [13]
determined AI using the TUNEL method. AI in their
study ranged from 0% to 8.97%. In Hodgkin’s lymphoma,
Dukers et al. [6] described mainly nuclear staining of
active-caspase 3 and the percentage of active-caspase 3-
positive cells ranged from 0% to 13%. In their study, 14%
of Hodgkin’s lymphomas were negative for pro-caspase
3, but in those cases, they did not find any active-caspase
3-positive cells. They presented 33% of cases in which
pro-caspase 3 was positive and active-caspase 3 was
negative. We found active-caspase 3-positive cells even
in cases in which pro-caspase 3 was negative in tumour
cells but positive in lymphocytes and hyperplastic epi-
thelium as an internal positive control. The fact that ac-
tive-caspase 3 was observed even in cases in which pro-
caspase 3 was negative implies either that only very small
amounts of pro-caspase 3 (below the levels of immun-
odetectability) are required for activation or that pro-
caspase 3 becomes upregulated just prior to apoptosis.
Although pro-caspase 3 expression correlates with the

differential tendency of cells to undergo apoptosis in
some tissue, this is not always true. For example, in
the thymus, pro-caspase 3 immunostaining is typically
stronger in the medullary than the cortical thymocytes,
despite the greater vulnerability of cortical cells to ap-
optosis induction using irradiation or glucocorticoids [19].

In the treatment of localised LSCC, the site of the
primary tumour has particular importance. Supraglottic
carcinoma originating above the true vocal cord often
presents at a more advanced stage, as voice changes are
produced only late in the course of disease. Patients with
localised supraglottic LSCC usually have a worse prog-
nosis than their glottic counterparts. Overall survival of
patients with cancer of the vocal cord is 80–83%, but for
supraglottic carcinoma it approaches 40–45% [26]. In our
study, we found strong pro-caspase 3 expression in 22
(56%) supraglottic tumours, but only 6 (26%) in glottic
LSCC. The number of active-caspase 3-positive cells in
glottic tumours was significantly lower than in supra-
glottic tumours, which is consistent with the study by
Hirvikoski and co-workers [10] in which they report that
supraglottic tumours had higher apoptotic and mitotic
activities and, thus, a more aggressive nature than glottic
tumours. We also found that more supraglottic tumours
(39%) were p53-positive than their glottic counterparts
(25%).

Alterations in the p53 tumour suppressor gene are the
most frequent genetic abnormalities in human cancers.
Cancer cells with alterations in this gene have been fre-
quently found to express readily detectable levels of p53
protein. A strong correlation between missense mutation
of p53 gene and overexpression of p53 protein has been
found. However, p53 overexpression can be seen in tu-
mours that lack apparent gene mutations, and there are a
number of p53 mutants that produce a truncated protein
that is undetectable using immunohistochemistry [35]. In
recent studies, p53 overexpression has been reported in
LSCC at a frequency ranging from 38% to 79% of the
tumour samples analysed [13, 30, 36]. We found a low
frequency (33.8%) of p53 overexpression in patients with
LSCC. An extensive body of literature supports the role
of p53 in the regulation of apoptosis. In our study, no
relationship was found between AI and p53 expression.
Izawa and co-workers [13] also found no correlation be-
tween AI assessed by the TUNEL method and p53
overexpression. However, in the p53-positive group, we
found 59.1% of tumours with strong pro-caspase 3 ex-
pression and just 13.7% of tumours with no or weak pro-
caspase 3 expression. These results suggest that p53 in-
activation might be associated with pro-caspase 3 over-
expression in LSCC.

p53 is involved in the regulation of apoptosis in a
number of different paradigms. Many apoptosis-related
genes that are transcriptionally regulated by p53 have
been identified. There is some evidence suggesting that
Bax, a proapoptotic member of the bcl-2 family of cell
death-regulating genes, may be involved in p53-induced
apoptosis. The Bax gene contains p53 consensus se-
quences within its promoter and has been shown to be
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transcriptionally regulated by p53 [20]. Cregan et al. [2]
demonstrated that p53-induced cell death involves a Bax-
dependent caspase 3 activation. Trask et al. [32] described
that 81% of patients with LSCC had an increased level of
Bax expression, but they did not find any correlation
between Bax expression and p53 status. We did not find
any correlation between p53 expression and AI. Other
proteins of the bcl-2 family as well as inhibitor apoptotic
proteins (IAP) might be involved in regulation of apop-
tosis in LSCC. We found that the expression of survivin,
an IAP member, was significantly higher in the p53-
positive group of LSCC [23].

In summary, pro-caspase 3, a key protein involved in
the execution of apoptosis, seems to be downregulated in
25% of LSCC. However, the fact that active-caspase 3-
positive cells were detected in all, even the apparently
pro-caspase 3-negative cases, suggests that complete ab-
sence of pro-caspase 3 does not occur during LSCC car-
cinogenesis. Variations of pro-caspase 3 expression in
LSCC seem not to influence apoptotic activity. Under-
standing the mechanisms of the apoptotic process and the
reasons why cell death is bypassed in transformed cells of
LSCC is of fundamental importance in cancer research
and should have, in the future, great implications in the
design of anticancer therapeutics for LSCC treatment.
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Abstract An unusual pancreatic tumor with microcystic
and tubulopapillary features was observed in a 53-year-
old woman. The tumor presented as a large, focally cystic
mass in the head of the pancreas, which compressed the
surrounding structures. The histological and immunohis-
tochemical analysis revealed a neoplasm that could not be
assigned to any of the known pancreatic tumor types. At
the molecular level, the tumor showed inactivation of the
DPC4/SMAD4 gene, deletion of exon 1 of the p16INK4A

gene and a point mutation at codon 34 (GGA>AGA) of b-
catenin. Transcriptional profiling analyses and subsequent
correspondence cluster analysis demonstrated that the
transcriptional profile of the tumor differed distinctly
from that of ductal adenocarcinomas, pancreatic cystic
tumors and normal pancreatic tissues. These data suggest
that the neoplasm most likely represents a new pancreatic
tumor entity, which we would like to refer to as
microcystic tubulopapillary tumor.

Keywords Pancreas · Microarray analysis ·
DPC4/SMAD4 · b-Catenin · p16INK4A

Introduction

Pancreatic neoplasms with cystic and papillary features
mainly belong to the category of intraductal papillary
mucinous cystic tumors. These tumors cause a dilatation of
the pancreatic duct and/or of its branches that, especially
when focal, may produce a cystic-like gross appearance
[26]. Another pancreatic tumor with papillary (or more
precisely, pseudopapillary) structures is the solid pseu-
dopapillary neoplasm, a low-grade malignant tumor that
occurs predominantly in young women and often displays
a cystic gross appearance due to extensive hemorrhage and
necrosis [16]. In rare cases, papillary and micropapillary
structures can also be found in ductal adenocarcinomas,
especially if they are well differentiated [24]. Here, we
report the case of an unusual pancreatic tumor with
tubulopapillary and microcystic features, which could not
be assigned to any of the known pancreatic tumor types.
The histological and immunohistochemical data and the
results of a molecular analysis, which included the use of
the increasingly employed microarray technology [11], all
suggest that this tumor represents a new entity, not
previously described in the pancreas.

Case report

A 53-year-old woman presented with a short history of discomfort
and swelling in the right upper abdomen. Relevant data in her prior
history included alcohol intake, interrupted 10 years ago, and
episodes of pancreatitis. Moreover, the patient suffered from
diabetes mellitus and liver cirrhosis (child A). A computed
tomography scan revealed a 10- to 15-cm tumor mass in the
pancreatic head; therefore, an exploration and a subsequent
pylorus-preserving pancreaticoduodenectomy were performed.

Materials and methods

Formalin-fixed, paraffin-embedded sections obtained from the
tumor mass were stained routinely with hematoxylin and eosin
and periodic acid-Schiff (PAS). Immunohistochemical analysis was
performed on consecutive slides with the streptavidin-biotin meth-
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od, using diaminobenzidine as the chromogen. A large panel of
antibodies (all supplied by Dako, Carpenteria, CA, USA, with the
exception of the anti-trypsin antibody, provided by Prof. Kl�ppel’s
laboratory) was used (Table 1).

Immunohistochemistry for p16, p53, Dpc4 and b-catenin

The following primary antibodies were used: mouse monoclonal
anti-p16 (clone E6H4; mtm laboratories AG-Dako), mouse mono-
clonal anti-p53 (clone DO7; Dako); mouse monoclonal anti-DPC4/
SMAD4 (clone B8; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and mouse monoclonal anti-b-catenin (BD Transduction
Laboratories, Lexington, KY, USA). Microwave antigen retrieval
in citrate buffer was used with all three antibodies.

Electron microscopy

Small tissue samples were fixed in 3% glutaraldehyde and
processed for ultrastructural investigation. Semi-thin sections were
stained with 1% toluidine blue and examined using light micros-
copy to find appropriate areas for ultramicrotomy. Ultra-thin
sections were contrasted with lead and examined under an electron
microscope (Carl Zeiss, Jena GmbH, Jena, Germany).

DNA isolation

Tumor cells were manually microdissected from formalin-fixed,
paraffin-embedded, 5-�m-thick tissue sections. Genomic DNA was
isolated using the QIAamp DNA Mini Kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s protocol.

Deletion analysis of the p16INK4A gene

Tumor DNA and DNA from the corresponding normal tissue were
subjected to Duplex polymerase chain reaction (PCR) analysis using
p16 exon 1 (Ex1F: 50-CTC AGA GCC GTT CCG AGA T-30; Ex1R:
50-TTT TCG AGG GCC TTT CCT AC-30) or exon 2-specific
primers (Ex2F: 50-ACC CTG GCT CTG ACC ATT C-30; Ex2R: 50-
TGG AAG CTC TCA GGG TAC AAA-30), each combined with
primers for the b-globin gene [22] as a control. Duplex PCRs were
carried out as one-tube reactions under the following conditions:

initial denaturation at 96�C for 3 min, 35 cycles of denaturation at
96�C for 1 min, annealing at 60�C for 1 min, extension at 72�C for
1 min and final extension at 72�C for 5 min. Duplex PCR products
were electrophoretically separated on an ethidium bromide-stained
2% agarose gel and documented by digitalization (Gel documen-
tation system, Herolab GmbH, Wiesloch, Germany).

Sequencing analysis

Exon 1 of the k-ras gene, which contains the codons 12 and 13, was
amplified using the primers k-ras 1F (50-GTG TGA CAT GTT CTA
ATA TAG TCA-30) and k-ras 1R (50-GAA TGG TCC TGC ACC
AGT AA-30). The primer pairs b-Cat 2F (50- GGA GTT GGA CAT
GGC CAT GG-30) and b-Cat 2R (50-CCT GTT CCC ACT CAT
ACA GG-30) were used to amplify exon 3 of the b-catenin gene,
which contains four threonine/serine phosphorylation sites essential
for APC/GSK-3b-mediated degradation of b-catenin. PCR reac-
tions were performed under standard conditions, and the purified
PCR products were sequenced directly in the forward and reverse
directions on an ABIPrism 377 DNA sequencer (Applied Biosys-
tems, Foster City, CA, USA), using the BigDye Termination Kit
(Applied Biosystems, USA).

DNA microarrays

Human cDNAs representing 3500 different human genes, which had
been selected because they are informative with respect to pancreas
tumors, were PCR-amplified using amino-modified M13 universal
primers. PCR products were purified with PCR multi-screen
columns (Millipore GmbH, Schwalbach, Germany), suspended in
spotting solution (TeleChem International Inc., Sunnyvale, CA,
USA) and arrayed onto slides with an epoxy surface (Epoxy Slides,
Quantifoil Micro Tools GmbH, Jena, Germany). DNA spotting was
performed with a Micro-Arrayer from Engineering Services Inc.
(Virtek’s arrayer system, BioRad, Munich, Germany) using SMP3
pins (TeleChem, USA). Each microarray presents 3872 spots
divided into 16 blocks, containing each spot in duplicate.

Transcriptional profiling

Total RNA was extracted with guanidine isothiocyanate from snap-
frozen pancreatic tissues, including seven normal pancreas samples,
five ductal adenocarcinomas and seven cystic tumors (mucinous
cystic adenomas, mucinous cystic adenocarcinomas, serous cystic
adenomas, intraductal papillary-mucinous tumors). Fluorescence-
labeled cDNA samples were prepared from 10 �g total RNA and
incorporation of Cy3- or Cy5-labeled dCTP during first-strand
synthesis. The labeling reaction was performed at least three times
in total. Hybridization was done in SlideHyb-Buffer 1 (Ambion
Inc., Austin, TX, USA) under glass coverslips at 62�C overnight.
To prevent bias caused by preferential label incorporation into
particular sequences, the dyes were swapped between hybridiza-
tions. After washing in 0.1� sodium saline citrate for 3 min and
drying using nitrogen, fluorescence signals were detected on a
confocal ScanArray 5000 scanner (Packard BioChip Technologies,
Billerica, MA, USA). Quantification of the signal intensities was
performed with the GenePix Pro 4.1 software (Axon Instruments,
Inc., Union City, CA, USA).

Data analysis

Data quality assessment, normalization and correspondence cluster
analysis were performed with the analysis and data warehouse
software package M-CHiPS (Multi-Conditional Hybridization In-
tensity Processing System), in which more than 5800 hybridization
experiments are currently stored (http://www.mchips.org) [8, 9,
10]. Normalization was performed as described in detail by
Beissbart et al. [4]. For further analysis, only genes that exhibited
significant changes between at least one sample and the control
material of the normal pancreas were selected. Data analysis and

Table 1 Immunohistochemical profile of the reported tumor

Immunohistochemical marker Result

CK7 +
CK8 +
CK18 +
CK20 +
CEA �
Vimentin �
Chromogranin �
Neuron-specific enolase �
Synaptophysin +*
Trypsin �
Inhibin �
Thyroglobulin �
TTF-1 �
Estrogen/progesterone receptors �
MUC1 �
MUC2 �
MUC6 +
p53 (+)
p16 �
DPC4 �
b-Catenin +�

* Focal cytoplasmic positivity
� Cytoplasmic and nuclear positivity
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also the compilation of experimental and sample-specific annota-
tions met the criteria for MIAME2 compliance [6].

Correspondence analysis [8, 10] is an explorative computational
method for the study of associations between variables. Much like
principle component analysis, it displays a low-dimensional pro-
jection of the data onto a plane. Data are projected simultaneously
for two variables, such as genes and patient samples, thus revealing
associations between them. The closer the data points are located
on the blot, the higher the degree of correspondence, thereby
enabling a superior data interpretation.

Results

Morphology

Macroscopic examination of the surgical specimen re-
vealed a 15�9�8-cm tumor with extensive necrotic areas,
resulting in a focally cystic appearance. The tumor was
surrounded by a thin pseudo-capsule and displayed

expansive margins of growth. The duodenum and the
distal bile duct were compressed and dislocated, but not
infiltrated. Lymph node metastases were not found.
Histologically, the tumor was composed of cubic to
cylindrical cells, containing elongated, mostly basally
located and frequently stratified nuclei, which showed
moderate pleomorphism and granular chromatin. The
cytoplasm was eosinophilic. The tumor cells formed well-
developed tubular and papillary structures, which were
often cystically dilated and contained amorphous eosino-
philic PAS-positive material (Fig. 1A, B, C). Focally,
there were necrotic areas. Extensive sampling failed to
reveal solid areas. It was not possible to determine
whether the tumor had an intraductal component, since
very little pancreatic parenchyma was included in the
surgical specimen. Ultrastructurally, the nuclei displayed
shallow cytoplasmic invaginations and contained irregu-
lar masses of heterochromatin. In the cytoplasm, swollen

Fig. 1 A, B, C Microscopic appearance of the tumor, consisting of
cubic to cylindrical cells with elongated nuclei, arranged to form
small glandular or papillary structures, often projecting into
cystically dilated lumina (A, B, �100; C, �200). D Electron

microscopy revealed the presence of tight junctions between
adjacent cells, which displayed nuclei with shallow invaginations
and absence of secretory products in the cytoplasm (�2000)
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Fig. 2 A Immunostaining with MIB1 antibody revealed a prolif-
eration index of about 15% (�200). B p53 accumulation was
detected only in a small percentage (<2%) of the tumor cells
(�200). C DPC4/SMAD4 expression was not detectable in the
tumor cells (�100). D Cytoplasmic and nuclear staining of DPC4/

SMAD4 in the surrounding normal duodenal tissue (�200). E b-
catenin was present at the membranous, cytoplasmic and nuclear
levels in the tumor cells (�200). F In the normal duodenal tissue,
only membranous immunoreactivity of b-catenin was detected
(�200)
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mitochondria, prominent lysosomes and secondary lyso-
somes were detected. Tight junctions were seen at the
border between two adjacent cells (Fig. 1D). The prolif-
erative activity, evaluated using Ki-67 immunostaining,
was moderate (15%) (Fig. 2A). Table 1 depicts the results
of the immunohistochemical analysis. On the basis of the
histological and immunohistochemical data, the descrip-
tive diagnosis of a microcystic tubulopapillary carcinoma
was made; however the tumor could not be assigned to
any of the known types of pancreatic tumors.

Immunohistochemical and molecular profile

Only a few tumor cells (<1%) displayed positive nuclear
staining for p53 (Fig. 2B). p16INK4A and DPC4/SMAD4
were not expressed in the tumor cells, whereas they were
normally present in the cytoplasm and nuclei of sur-
rounding non-neoplastic duodenal tissue (Fig. 2C, D). b-
Catenin was expressed at the membranous and cytoplas-
mic level in the great majority of the tumor cells; strong
b-catenin nuclear expression was detected in about 50%
of the tumor cells (Fig. 2E). In the epithelial cells of the
duodenum, only membranous expression of b-catenin was
detected (Fig. 2F).

Deletion analysis by duplex PCR revealed a complete
lack of exon1 of p16INK4A in the tumor sample (Fig. 3A).
Sequencing of exon 3 of b-catenin showed a point

mutation at codon 34 (GGA>AGA), which caused amino
acid substitution of glycine with arginine (Fig. 3B). In
contrast, no mutations were found in exon 1 of k-ras.

Microarray analysis

Transcriptional profiling analyses were performed with
material obtained from ductal adenocarcinomas, pancre-
atic cystic tumors and normal pancreatic tissues. The
samples, labeled with either Cy3 or Cy5, were analyzed in
competitive hybridizations. Unspecific hybridization to
non-homologous sequences did not occur, as could be
seen on spots generated with unrelated control DNA
fragments. After scanning and quantification of the spot
intensities, data were normalized and filtered. In total, 269
PCR fragments contained a sequence that was signifi-
cantly differentially transcribed in at least one of the
samples analyzed. The results were subjected to corre-
spondence cluster analysis [8]. One major advantage of
this process is its ability to present the results of cluster
analyses on different but corresponding factors in one
plot. In Fig. 4, not only the genes (black dots), but also the

Fig. 3 A Deletion analysis of p16INK4A using duplex polymerase
chain reaction revealed a complete lack of exon 1 in the tumor
sample (T), whereas the corresponding control (N) showed no
alteration. Exon 2 was detectable in tumor and control samples. B
Partial sequence of exon 3 of b-catenin, displaying a heterozygous
point mutation (GGA>AGA) in codon 34, causing the amino acid
substitution glycine to arginine

Fig. 4 Correspondence cluster analysis. In the resulting biplot, each
hybridization of the RNA from an individual tissue sample is
depicted as a colored square. Each significantly differentially
transcribed gene is shown as a black dot. Also, several guiding
lines are displayed in the diagram. They correspond to the position of
virtual genes, whose transcription profiles would exhibit a signal in
one condition only. Genes with insignificant changes would be
positioned close to the centroid of these lines, but are not shown in
the blot. The samples from the most common types of pancreatic
tumors (ductal adenocarcinoma and cystic tumors) and from normal
tissues form distinct clusters. The individual case reported here is
clearly different from all other analyzed tissues. Two genes (group I)
are the most specific ones for discriminating it from the other tumors.
Alternatively, group II indicates genes that distinguish tumors from
normal tissue, but do not discriminate between the tumor samples
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results of clustering of the individual hybridizations—
and, thus, the individual tissue samples (colored
squares)—are shown. Co-localization in the blot of genes
and experiments/conditions is indicative of a strong
association between them. In addition, virtual transcrip-
tion profiles were calculated on the basis of the results
and projected onto the plot. Classification by correspon-
dence analysis resulted in the formation of two distinct
clusters for common types of pancreatic tumors (ductal
adenocarcinoma and cystic tumors) and normal tissues
(Fig. 4). Profiling the RNA of the tumor described here,
however, produced a distinct blot position. All repetitions
of the analysis produced the same result, actually forming
a cluster of their own in the correspondence analysis.
Distances to the other tumor clusters demonstrated that
the sample exhibited a significantly different transcrip-
tional profile.

Discussion

In this report, we describe an unusual microcystic tumor
of the pancreas, whose histology was characterized by a
tubulopapillary architecture. The histological, immuno-
histochemical and molecular features of this neoplasm
were found to differ from all known pancreatic tumors.

The differential diagnosis of this tumor particularly
includes other cystic tumors, such as solid-pseudopapil-
lary neoplasm, the cystic variant of acinar cell carcinoma
and metastatic tumors.

According to the gross appearance of the tumor (large
mass, necrotic–hemorrhagic areas, well-defined demarca-
tion) and its occurrence in a female patient, the possibility
of a solid-pseudopapillary tumor had to first be discussed.
Points favoring this diagnosis included the immunohisto-
chemical expression of b-catenin, which was found to be
accompanied by a point mutation in exon 3 of the b-
catenin gene [1]. However, the histological features, in
particular the tubulopapillary pattern, the cytology and
immunohistochemical data (such as positivity for cyto-
keratins and negativity for neuron-specific enolase and
vimentin) were not in accordance with such a diagnosis
[17].

The tubulopapillary and microcystic pattern of the
carcinoma partially resembled the cystic variant of acinar
cell carcinoma. This rare tumor affects men more
frequently than women [14], usually reaches great di-
mensions and can be encapsulated [15, 25]. It contains
macrocysts and microcysts with a cuboidal or cylindrical
epithelial cell lining. The tumor cells express pancreatic
enzymes, such as trypsin, lipase, chymotrypsin and
phospholipase A2, which are useful immunohistochemi-
cal markers of acinar cell carcinoma [15]. Moreover, b-
catenin mutations have also been reported in a small
percentage of acinar cell carcinomas [2]. However, the
absence of trypsin expression in our case and the absence
of secretory granules, as revealed by the ultrastructural
analysis, made the diagnosis of acinar cell carcinoma
unlikely. In addition, the loss of DPC4/SMAD4 protein

expression in the tumor cells is not a common finding in
acinar cell carcinomas [2].

Other pancreatic cystic tumors (serous and mucinous
tumors) as well as intraductal papillary mucinous tumors
were excluded on the basis of the histopathological
appearance.

Although unlikely, the possibility of a metastatic
tumor was also taken into account. Secondary tumors of
the pancreas are a rare event in the absence of widespread
disease and can be the consequence of direct infiltration
of the organ or, more frequently, of hematogenous
metastasis [7]. Colon, gastric and bile duct carcinomas
are the most common sources of direct infiltration of the
pancreas [7, 19], whereas lung, kidney and breast cancers
and melanomas are the most frequent primary tumors in
cases of blood-borne metastases to the pancreas [7, 12,
28]. Metastases of renal cell carcinomas often occur as
solitary lesions and are subjected to surgical resection [13,
21]. Rarely, symptoms related to the pancreatic metas-
tases, such as jaundice or pancreatitis due to duct
obstruction, have been the first clinical manifestations
of an otherwise unknown primary tumor [18, 20]. In our
case, there was no evidence of a neoplastic disease in the
patient’s history or in the results of physical, laboratory
and imaging tests. Therefore, it was considered very
unlikely that the pancreatic tumor mass was a metastasis.
However, some additional immunostainings were per-
formed (thyroglobulin, TTF-1, estrogen and progesterone
receptors), all with negative results.

The molecular profile of pancreatic adenocarcinomas
is characterized by K-ras mutations in codon 12. Other
frequent alterations include p16INK4A mutations (up to
80% of the cases), p53 mutations (up to 70%) and loss of
DPC4/SMAD4 expression (approximately 50%) [3]. The
last two alterations lead to abnormal protein expression,
so that there is a good correlation between immunohis-
tochemical results and genetic analyses. In particular, the
absence of DPC4/SMAD4 immunostaining reflects the
inactivation of the corresponding gene [27]; p53 muta-
tions often lead to nuclear accumulation of the protein,
which can consequently be visualized using immunohis-
tochemical labeling [5, 23]. The immunohistochemical
and molecular analysis of this tumor revealed an unusual
pattern, characterized by wild-type K-ras, absence of p53
overexpression, loss of DPC4/SMAD4 and deletion of
exon 1 of p16INK4A.

Transcriptional microarray analysis demonstrated that
the tumor had a distinct profile when compared with other
pancreatic tumor entities. Although the diagnostic utility
of gene profiling techniques has already been empha-
sized, this is the first report demonstrating the use of
microarrays in the field of diagnostic molecular pathol-
ogy. In addition to the morphological, immunohistochem-
ical and genetic results, the array data helped to define a
new type of pancreatic tumor. Larger series are needed to
confirm and validate the data presented here.

A last issue that needs to be discussed is the malignant
potential of this tumor. The presence of nuclear pleo-
morphism and atypical mitotic figures, together with the
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moderate proliferation index, would indicate malignancy.
The extensive areas of necrosis could indicate rapid
growth in the absence of suitable vascular supply,
although there are no reliable data in the patient’s history
that could confirm this assumption. However, the expan-
sive growth, the absence of infiltration of surrounding
structures and, ultimately, the absence of lymph-node
and/or distant metastases would indicate low aggressive-
ness and a good prognosis.
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Abstract We describe a case history of a 24-year-old
male with osteogenesis imperfecta (OI) who developed
osteosarcoma of the left thigh. High-dose ifosfamide ther-
apy caused marked tumor regression of multiple lung
metastases. Immunohistochemically, the tumor cells were
diffusely positive for the p53 protein. Mutation of the p53
gene was not detected by direct genomic sequencing of
exons 4–8. The radiographic characteristics, including
irregularly distributed osteolytic lesions and cortical dis-
continuity, should not be confused with hyperplastic cal-
lus formation, a benign process. A biopsy is critical to
establish the differential diagnosis between osteosarcoma
and common hyperplastic callus formation in OI; how-
ever, it must be applied with great care.

Keywords Osteosarcoma · Osteogenesis imperfecta ·
p53 · Mutation · Immunohistochemical staining

Introduction

Osteosarcoma rarely occurs in patients with osteogenesis
imperfecta (OI). There are only nine proven cases in the
English literature. A delay in the diagnosis of osteosar-
coma may be due to the similarity in symptoms between
the two conditions and because of the difficulty in dif-
ferentiating between hyperplastic callus and tumor on
conventional radiographs. Recently, there has been an
increasing interest in to what extent molecular biological

markers are involved in the development of osteoblastic
tumors. In conventional, highly malignant osteosarcoma,
different alterations in tumor suppressor genes (p53, Rb,
p16) have been described and are thought to be involved
in tumorigenesis [1, 4, 12, 13, 14]. The p53 gene contains
five conserved regions, four of which are hot spots for
missense mutations [6].

Clinical history

A 24-year-old male had been followed-up since his birth with OI.
There was no family history of OI. He was diagnosed as having
type-III OI and had a typical history of multiple fractures with
minimum trauma, short stature and normal sclerae. In April 2000,
the patient had pain and tenderness on his distal thigh without any
traumatic injury. A micro-fracture of the left femur due to a
weakness of the bone was suspected. The region was located distal
to the Bailey-Dubow nail placed by correction osteotomy in 1988
(Fig. 1a). The fracture was treated with splint and cast immobi-
lization. However, intra-articular hemorrhage of the left knee
continued, and several aspirations were performed. Radiographs in
October 2000 showed discontinuities of the anterior cortex and
irregularly distributed osteolytic changes of the distal femur and
proximal tibia (Fig. 1b). We judged that it was impossible to do any
conservative treatments, and a left above-knee amputation was
performed in January 2001. Swelling and local heat were observed
in the stump 2 months later. Infection was suspected, and curettage
was performed. Microscopic examination revealed a proliferation
of pleomorphic and polygonal cells with a large amount of cartilage
tissue (Fig. 2a). Lace-like osteoid was confirmed among the
pleomorphic and polygonal cells (Fig. 2b). There was neither
orderly maturation of cartilage and spindle cells into bone, nor
reactive bone formation rimmed by palisaded osteoblasts. A diag-
nosis of osteosarcoma was made. A chest X-ray and computerized
tomography (CT) taken 1 month postoperatively revealed metas-
tases. The patient underwent high-dose methotrexate (6 g per
square meter of skin), cis-platinum (120 mg per square meter of
skin) and adriamycin (20 mg per square meter of skin) chemo-
therapy. A chest X-ray and CT revealed an increase in the size and
number of lung metastases 2 months postoperatively (Fig. 3a).
Thus, high-dose ifosfamide (2 g per square meter of skin per day
for 4 days) was administrated. After eight cycles of high-dose
ifosfamide therapy, we could not detect any lung metastases by CT
(Fig. 3b).
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Fig. 1 a Lateral view of left
knee, April 2000, shows typical
osteogenesis imperfecta of fe-
mur and tibia treated with in-
tramedullary fixation. b Lateral
view of left knee, October 2000,
shows rarefactions of the ante-
rior cortex and irregularly dis-
tributed osteolytic changes of
the distal left femur

Fig. 2 a, b Histological examination revealed a high-grade osteo-
sarcoma comprising pleomorphic, polygonal, discohesive cells,
some embedded in osteoid, with hyperchromatic nuclei showing
numerous mitotic figures (hematoxylin and eosin, original magni-

fication �100). c Immunohistochemical detection of p53 protein
with anti-p53 antibody DO-1. A distinct nuclear reaction is seen in
the tumor cells (original magnification �200)
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Materials and methods

Formalin-fixed, paraffin-embedded specimen was processed for
routine diagnosis on hematoxylin and eosin (H&E). Immunohisto-
chemical studies were performed on 5-mm-thick formalin-fixed,
paraffin-embedded tissue sections. DO1, a murine monoclonal
antibody to p53 gene product (Santa Cruz Biotechnology, Inc,
Santa Cruz, CA), recognizes residues 21 to 25 in wild-type and
mutated forms of p53. Sections were treated in a microwave oven
using Antigen Retrieval AR-10 Solution (BioGenex San Ramon,
CA) for 5 min. Sections were incubated for 30 min with primary
antibody (1:500) at room temperature. The following reactions
were performed using mouse ABC Staining System (Santa Cruz
Biotechnology, Inc. Santa Cruz, CA) according to the manufactur-
er’s guidelines.

Three tissue sections (5-mm thick) were subjected to DNA
preparation using EX-WAX DNA extraction kit (Intergen, Pur-
chase, NY). Each exon (exons 4–8) of the p53 gene was amplified
by polymerase chain reaction (PCR). The PCR reaction consisted
of 100 ng genomic DNA and 25 pmol of each primer in 50 ml buffer
containing 50 mmol/l of dATP, dCTP, dGTP, and dTTP in
20 mmol/l Tris-HCl, 1.5 mmol/l magnesium chloride, and 0.5 U
Taq polymerase (Takara, Japan). The primers and corresponding
annealing temperatures used for amplification were as follows: 4A,
50-ATCTACAGTCCCCCTTGCCG-30 and 4B, 50-GTGCAAGT-
CACAGACTTGGC-30 for exon 4 (60�C); 5A, 50-ATCTGTTC-
ACTTGTGCCCTGACTTTC-30 and 5B, 50-ACCCTGGGCAAC-
CAGCCCTGTC-30 for exon 5 (58�C); 6A, 50-ACCATGAGCGCT-
GCTCAGAT-30 and 6B, 50-AGTTGCAAACCAGACCTCAG-30

for exon 6 (60�C); 7A, 50-CTCCTAGGTTGGCTCTG-30 and 7B,
50-GAGGCTGGGGCACAGCAGGCCAGTG-30 for exon 7 (57�C);
8A, 50-ACTGCCTCTTGCTTCTCTTT-30 and 8B 50-AAGTGAAT-
CTCAGGCATAAC-30 for exon 8 (58�C). Cycles (n=35) of de-
naturation (94�C for 60 s), annealing (90 s at 57�C to 60�C) and
extension (72�C for 90 s) were performed on an automated
thermocycler (PTC-100, MJ Research Inc., South San Francisco,
CA). PCR fragments were subjected to direct sequencing using an

automated fluorescence sequencer (ABI PRISM 3100 Genetic
Analyzer, Applied Biosystems, Foster City, CA).

Results

Immunohistological staining

A distinct nuclear reaction with anti-p53 antibody DO1
was seen in the tumor cells. Approximately 90% of tumor
cell nuclei showed positive immunoreaction.

Direct genomic sequencing of exons 4–8

For the analysis of p53 mutations, we amplified five
highly conserved regions of the gene corresponding to
exons 4–8 using PCR. PCR fragments were sequenced on
a fluorescence sequencer. There were no p53 mutations
on exons 4–8 in this case.

Discussion

Both OI and osteosarcoma are relatively rare entities.
There have been only nine reported cases in the world
literature (Table 1) [2, 5, 8, 9, 10, 11, 18, 19], and most
authors concluded that osteosarcoma in the setting of OI
occurred as a sporadic, rather than a related, event. More
important, however, is the fact that osteosarcoma is
difficult to diagnose in patients with OI, which was

Fig. 3 a Computed tomography
of chest, March 2001, shows
multiple lung metastases. b
Computed tomography of chest,
January 2002, shows dramatic
decrease of lung metastasis af-
ter eight times high-dose ifos-
famide therapy

Table 1 Cases of osteosarcoma with osteogenesis imperfecta

Number Year Author Age of patient (years) Bone Type of management Survival

1 1940 Jewell [7] 49 Pelvis Amputation <1 year
2, 3 1967 Klenerman [8] 8 Femur Palliative 6 months

13 Femur Disarticulation 3 years
4 1978 Lasson et al. [9] 13 Femur Amputation >6 months
5 1979 B. Reid et al. [18] 14 Femur Amputation 10 months
6 1979 Rutkowski et al. [19] 15 Femur Hip disarticulation 8 months
7 1995 Gagliardi et al. [4] 21 Femur Hemipelvectomy Not recorded
8 1999 Bedi et al. [2] 37 Scapula Forequarter amputation 4 months
9 2001 Maiya et al. [10] 6 Femur Distal femur endoprothesis

and total femur later
>6 years

10 2003 Takahashi et al.
(unpublished data)

24 Femur Amputation >2 years
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illustrated in our case. First, there are problems of
interpreting old and new changes in radiographs in the OI
patient with distorted bony morphology, due to the
underlying disease process and recurrent fractures. Sec-
ond, diagnostic difficulties arise from the similar symp-
toms between OI and its complications and osteosarcoma.
Factors that have been proposed as possible etiological
agents in primary bone tumors are radiation, viruses,
chemical carcinogens, metal implants, and trauma [17].
Patients with OI have numerous diagnostic radiographs,
but the accumulated dosage seemingly required for the
development of malignancy is rarely encountered merely
by diagnostic procedures and has been more commonly
encountered during therapeutic irradiation of a specific
site. It is, therefore, possible that radiation played a part in
the etiology of these tumors. It is unlikely that metal
implantation could be the etiological factor in this patient,
because all previously reported cases of similar neo-
plasms occurred at the site of a metal implant. Finally,
previous trauma and fracture have been suggested as a
most unlikely factor in the development of osteosarcoma.

Recently, there has been an increasing interest in the
extent to which molecular biological markers are in-
volved in the development of osteoblastic tumors. In
conventional, highly malignant osteosarcoma, different
alterations in tumor suppressor genes (p53, Rb, p16) have
been described and are thought to be involved in
tumorigenesis [1, 4, 12, 13, 14]. The inactivation of tu-
mor suppressor genes appears to be integral to the de-
velopment of malignant tumors. Missense mutations in
the central core domain of p53 are the most frequent
genetic events in diverse tumors. However, the mutational
spectrum differs among various types of cancers. In
sarcomas, p53 mutations are common but have differed as
to the frequency and types of genetic changes. In osteo-
sarcoma, p53 mutations were found in 15–31% [1, 12, 14,
15, 16, 20], and most of them are point mutations in G:C
pairs in exon 7 and exon 8 [13]. We used direct
sequencing of PCR products from paraffin-embedded
samples to screen exons 4–8 for p53 mutations. There
were no p53 mutations in this rare osteosarcoma case.
However, immunohistochemical detection of the p53
protein in the nucleus was observed. Hall PA et al.
reported that the relationship between p53 protein ex-
pression and p53 gene mutation is sometimes discrepant
[7].

Most investigators conclude that the differential diag-
nosis between hyperplastic callus formation and osteo-
sarcoma is difficult, because hyperplastic callus and
osteosarcoma may show similar clinical, laboratory, ra-
diographic, and histological findings. In our case, retro-
spective regardful interpretation of radiograph showed
discontinuities of the anterior cortex and irregularly
distributed osteolytic changes of the distal femur and
proximal tibia. Radiographically, hyperplastic callus is
seen as a well-circumscribed radiodensity with whirls of
new bone formation; however, osteosarcoma tend to
expand outward with poorly defined outer margins, due to
their aggressive growth [5]. These radiographic findings

of cortical bone rarefaction and/or irregularly distributed
osteolytic changes warrant a biopsy.

Since both osteosarcoma and exuberant fracture callus
of OI histologically exhibit pronounced cellular activity,
abundant mitotic figures, and disorganized florid forma-
tion of metaplastic cartilage and immature osteoid, a
differential diagnosis must be applied with great care.
However, partial orderly maturation of cartilage and
spindle cell into bone and irregular zones of enchondral
ossification of metaplastic cartilage connecting with
reactive bone formation rimmed by palisading osteoblasts
may suggest the diagnosis of callus of OI [3, 21]. Our
diagnosis of osteosarcoma was made from complete lack
of maturation and reactive bone formation rimmed by
palisaded osteoblasts. Prominent expression of p53 may
support the diagnosis of osteosarcoma, although there has
been no apparent data on the p53 expression in hyper-
plastic callus. In addition, progressive extension of osteo-
lytic change within the bones also indicated a neoplastic
nature of the current case. Since the differential diagnosis
between osteosarcoma and fracture callus of OI has been
problematic; therefore, should the existence of this rare
lesion be expected, the meticulous inspection of both
histological and radiological examinations will become
mandatory.
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Abstract Increasing numbers of solitary fibrous tumors
(SFTs) in the meninges have been reported since this
entity was first recognized. While most cases previously
reported were considered to be benign, the malignant
potential of extrathoracic SFTs has not been excluded.
The authors report a rare case of a meningeal SFT with
malignant behavior occurring in a Japanese female
patient, initially resected when she was 44 years old and
recurring in the same place four times during a 26-year
follow-up period. A metastatic tumor to the right lung
arose 25 years after the resection of the first meningeal
tumor and focal invasion into the cerebellum was also
observed with her last (5th) meningeal tumor. Immuno-
histochemical analysis showed all tumors to be diffusely
positive for CD34 and negative for EMA, with a so-called
“patternless” histological pattern, featuring thin collagen
fibers between tumor cells. A focal “staghorn” vascular
pattern was also observed. Ki67 (MIB-1) labeling indices
and mitosis rates were 3.1€1.2% and less than 1/10 high
power fields (HPF) in the first meningeal tumor and
16.1€6.4% and 6/10HPF in the last (5th) one, respective-
ly. Thus, the present case suggests that meningeal SFTs

possess malignant potential so that careful long-term
follow up is required.

Key words Solitary fibrous tumor · Meninges ·
Metastasis

Introduction

The solitary fibrous tumor (SFT) is an uncommon spindle-
cell neoplasm, first described as a pleural lesion in 1931
[17]. Extrathoracic SFTs [31] have also been increasingly
recognized, including examples in the meninges [1, 2, 4, 5,
7, 8, 10, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30].
Characteristic histological and immunohistochemical fea-
tures of SFTs in any region are a “patternless” growth
pattern, with spindle cells and keloid-like hyalinization,
the lesions being intensely and diffusely positive for CD34
antigen and negative for EMA antigen [16]. In the
meninges, fibrous meningioma and hemangiopericytoma
(HPC) have been recognized as major tumors requiring
differential diagnosis from SFTs [5, 10, 24, 29]. Most
fibrous meningiomas are positive for EMA antigen, and
HPCs are generally only focally and weakly positive for
CD34 antigen [24]. The majority of extrathoracic SFTs,
including those of meningeal origin, have been described
as benign tumors. However, among about forty reported
cases of meningeal SFTs, local recurrence was found in
six [5, 22, 29, 30], including one case complicated with
metastases to the lung and soft tissue [22]. We present
here a case of malignant meningeal SFT which progressed
after a very long (26 years) and indolent course featuring
frequent recurrence and ultimate metastasis to the lung
(Table 1). To our knowledge, this is only the second case
in the English or Japanese literatures of a meningeal SFT
which developed distant metastasis.

Materials and methods

All surgically resected tissues were routinely fixed in 10%
formalin, embedded in paraffin and prepared for histological
observation. Immunohistochemical analyses were performed by the
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avidin-biotin-peroxidase complex technique using a Vectastain
ABC Elite Kit (Vector Laboratories Inc., Burlingame, CA) and
diaminobenzidine for visualization of binding. The following
antibodies were employed: anti-keratin (AE1/AE3, DakoCy-
tomataion, Glostrup, Denmark, 1:50, with heat-pretreatment),
anti-EMA (Zymed Laboratories Inc., South San Francisco, CA,
1:1), anti-vimentin (Ventana Medical Systems, Tucson, AZ, 1:1,
with protease-pretreatment), anti-CD34 (Nichirei, Tokyo, Japan,
1:50), anti-Leu-7 (CD57, Ventana, 1:1, with heat-pretreatment),
anti-S-100 protein (Dako, 1:400, with trypsin-pretreatment), anti-
CD99 (12E7, Dako, 1:100), anti-CD99 (O-13, Santa Cruz Biotech-
nology Inc., Sant Cruz, CA, 1:40), anti-p53 (CM1, Novocastra
Laboratories Ltd., Newcastle upon Tyne, UK, 1:100) and anti-Ki67
(MIB-1, Novocastra, 1:3000, with heat-pretreatment). Labeling
indices for p53 and Ki67 and cellularity were generated from
counts under a light-microscope in three randomly selected areas
(with scale on the ocular, 0.252 mm�3 sights, which covered totally
1500~2000 cells) of each tumor, then expressed as mean values
with standard deviation.

Case Report

This 70-year-old Japanese woman has been followed up as
suffering from repeated local recurrence of atypical meningiomas
in her left tentorial area and treated by repeated excision since
1976, when she was 44 years old (Table 1). To date, she has
undergone six surgical resections of tumors, including five oper-
ations in the left tentoreal area (1976, 1984, 1995, 1999, 2002) and
one in the lung (2001) (Fig. 1). Specimens from the last excision of
the recurrent meningeal tumor showed histological and immuno-
histochemical characteristics of SFT, and, therefore, all of the
previous slides of meningeal and pulmonary tumors were reviewed
histologically and immunohistochemically. The immunohistochem-
ical analyses demonstrated the lesions to be CD34 positive and
EMA negative, suggesting a SFT rather than a meningioma.
Histologically, a so-called patternless pattern was recognized, with
focal staghorn-like vascular channels and no whirl formation, in
line with the diagnosis as SFT. The pulmonary lesion was
diagnosed as a metastatic tumor.

Clinical history

In 1976, when the patient was 44 years old, she first visited a
hospital with the complaint of headache persisting from 2 years
previously. At that time, she walked with a shift to her right side
and demonstrated an elevation of intra-cranial pressure (over
200 mmH2O), congestion of the retinal papilla and hemorrhage in
her eyeground. A solid tumor, estimated to be 3 cm in diameter,
was evident in her left tentorium on computed tomography (CT)
scanning. Total resection of the tumor was performed and then
histopathological diagnosis of a meningioma with immature fea-
tures was given. The second meningeal tumor in the same region
was noted 7.5 years later when she was 52 years old and again was
totally resected. With continuous follow-up and magnetic reso-
nance imagine (MRI) examination, the third (Fig. 1a) and fourth
(Fig. 1b) local recurrent tumors were found when she was 63 years

and 67 years old, respectively, and resected when they became
3 cm in diameter. She expressed only slight headaches before the
operations. When she was 69 years old, a fifth tumor was apparent
as a round and well-bordered abnormal shadow in the upper lobe of
her right lung on chest X-rays, and CT and MRI confirmed the
presence of a 1.8-cm diameter lesion (Fig. 1c). With histological
observation of frequent mitosis and atypia indicative of malignancy
in frozen sections, the right upper lobe was removed. The sixth
tumor in her left sub-occipital region was resected 20 months later,
when she was 70 years old (Fig. 1d).

Pathological findings

As shown above and in Fig. 2 and Fig. 3, all six tumors
showed basically the same histological character, con-
sisting of moderately hypercellular spindle cells with a
“patternless” growth pattern, without apparent whirled
cell arrangement or psammoma bodies. The tumors had
thick collagen bundles with a hyaline appearance and
intercellular collagen (Fig. 2a) and a reticulin network
recognized with silver staining. Staghorn-like vascular
channels were focally evident (Fig. 2b). Immunohisto-
logical analysis (Fig. 2c and d) showed the tumor cells to
be completely negative for keratin and EMA and diffusely
positive for vimentin and CD34. S-100 protein was
negative and Leu-7 was positive. The staining results with
anti-CD99 antibodies were contradictory, being positive
with the 12E7 clone but negative with the O-13 clone.
The lung tumor also had similar histological features with
more apparent necrosis, with no attachment to the pleura.

Sequential changes in malignant and/or proliferative
features are summarized in Table 1. Focal cysts and/or
necroses were more or less observed in all the tumors.
The second meningeal tumor and the lung metastatic
tumor had larger areas of necrosis (Fig. 3c). All tumors
were well demarcated but the last meningeal tumor
slightly invaded into the cerebellum (Fig. 3e). Cellularity
was mildly high from the first tumor but the Ki67 index
and mitosis index were low in the first and third tumors
and higher in the later lesions (Table 1 and Fig. 3b, d, f).
Labeling indices for p53 protein varied considerably.

Discussion

We have presented here a case of meningeal malignant
SFT, which locally relapsed four times, metastasized to
the lung and invaded in the cerebellum over a period of

Table 1 Sequential changes of the histology and proliferation potential

Year, month Age Region (size, ; cm) p53 (%) Necrosis Cellularity (/cm2) Ki67 (%) Mitosis (/10 HFP)

1976, June 44 Meninges (3a) 2.1€0.4 � 94.9€24.0 3.1€1.2 <1
1984, Nov 52 Meninges (1.5a) 1.1€0.3 + 122.2€5.7 8.0€0.3 5
1995, April 63 Meninges (3) 7.1€1.9 � 93.5€6.3 5.3€1.4 <1
1999, Sept 67 Meninges (3) 13.6€2.4 � 114.0€9.5 8.4€2.1 2
2001, Jan 69 Right upper lung (1.8) 1.3€0.3 + 90.8€12.2 9.8€2.3 5
2002, Aug 70 Meninges (3) 13.2€3.2 � 84.0€18.3 16.1€6.4 6

a Tumor size was retrospectively estimated from the pathological specimen
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26 years. The histopathological and immunohistochemial
features of the tumors fit those for SFTs described in
previous literature [31], including examples originating in
the meninges [5, 24]. Since the first report by Carnerio
and co-workers in 1996 [5], retrospective reviews of
pathology files of meningioma and/or HPC of the
meninges revealed that approximately 30 cases should
be reclassified as SFT [5, 29, 30], and overall more than
40 cases have now been reported [1, 2, 4, 5, 6, 7, 8, 10, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30]. Of these, only one
case showed metastasis to other organs (lung and soft
tissue) [22]. In terms of the biological behavior of SFT,
the pathological criteria for determining malignant po-
tential are of obvious clinicopathological interest for
pathologists.

Histological features associated with local or distant
recurrence of intrathoracic SFTs are reported to include
high cellularity, mitotic activity (>4/10 HPF), nuclear

pleomorphism, and necrosis [13, 31, 33]. In extrathoracic
SFTs, such as those occurring in the abdomen/pelvis,
retroperitoneum, groin, trunk, and upper arm, these
factors are associated with, but are not by themselves
predictive of, aggressive clinical behavior [31]. It seems
that there is no strict correlation between morphology and
biology [14, 15, 19, 31]. The results of a recent karyo-
typing study showing tetrasomy 8 to be associated with
malignant behavior in the SFT of the pleura [11] might
provide a new solution to this issue. In the present case,
the first tumor showed hypercellularity and some mitoses.
Therefore, according to the histological criteria men-
tioned above, the tumors had an aggressive nature and
malignant potential from the beginning. Of importance is
the very long duration between surgical removal of the
first tumor and the second tumor occurrence, and between
the first tumor and lung metastasis (7.5 years and 25 years,
respectively). The mitotic index and the Ki67 labeling

Fig. 1 Magnetic resonance imaging (MRI) observation of the
meningeal and lung tumors. a Third meningeal tumor found in left
tentorium area in 1995. b Fourth meningeal tumor found in the

same area in1999. c Lung metastatic tumor in the right upper lobe
in 2001. d Fifth meningeal tumor of the left suboccipital region in
2002
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index were medium in the first tumor and tended to
gradually increase with shortening of the interval before
recurrence. However, the patient is now (2003, 2 years
after surgical excision of the metastatic tumor in the lung)
clinically free from distant metastasis. This might mean
that the biological nature of meningeal SFT is very
indolent, even when atypical histological features are
evident. However, meningeal SFT cases with malignant
features are very low in number, and the follow-up
duration has not been sufficiently long in most cases.
Therefore, further clinicopathological analyses are re-
quired for clarification.

The confusion surrounding the relationship between
the SFT and the HPC may be particularly due to the fact
that both show “staghorn” sinusoidal vessels and CD34
positive immunoreactivity, even though HPCs react less
strongly and diffusely for CD34 than do SFTs [24]. The
tissue patterns of the two lesions appear to coexist in
occasional cases, and the border between them is blurred

[14]. It is the present consensus that small foci of HPC-
like tissue can be accepted in SFT, but the histological
overlap is not yet clear. Moreover, while not observed in
the present case, not only intrathoracic but also extratho-
racic HPC [3, 9] as well as SFT [12] may be sources of
hypoglycemia due to the production of an insulin-like
growth factor. Intracranial HPCs are reported to have a
relatively high rate of recurrence (60–83%) and metasta-
sis (23–28%) [18, 30] and it is difficult to predict
malignant potential from cell proliferation indices such as
Ki67 or PCNA [32]. Further comparative analysis of links
between the presence of HPC-like tissue in a meningeal
SFT and malignant behavior is necessary. Another tumor
to be differentiated from meningeal SFT is fibrous
meningioma but this can generally be achieved on the
basis of its positivity for EMA and only weak or negative
CD34 staining.

In conclusion, we have experienced a case of SFT
derived from the meninges with malignant potential. In

Fig. 2 Histopathological and immunohistochemical findings for
the fifth meningeal tumor. a Collagen bundles with a hyaline
appearance are evident. b Staghorn-like vascular channels are

focally present. c Tumor cells are negative for EMA. d Tumor cells
are diffusely positive for CD34
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Fig. 3 Histological findings of the sequentially resected tumors (a,
c, e; HE staining and b, d, f; anti-Ki67 immunohistochemical
staining). a, b The primary meningeal tumor resected in 1976. Note
the hypercellular fibrous nature with a “pattern-less” pattern and a
few Ki67 positive cells. c, d The metastatic tumor found in left lung

in 2001. The lesion demonstrates necrosis and pressure on the
surrounding lung tissue with many Ki67 positive cells. e, f The fifth
meningeal tumor resected in 2002. Partial invasion into the
cerebellum and many Ki67 positive cells are apparent
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such lesions, even mitotic and Ki67 indices are quite low,
caution and careful follow-up are therefore needed.
Regarding meningeal SFTs in the previous literature, so
far one case having both recurrence and metastasis to the
soft tissues and lungs [22] and five cases having local
recurrence [5, 29, 30] have been reported. Considering
that the first recurrence was observed 7 years after
resection of the primary tumor in the present case, it is
conceivable that follow-up in some of the previous cases
may not have been long enough to allow the conclusion
that they did not recur.
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Tumor with features of renal cell carcinoma
and of transitional cell carcinoma
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Sir, There is a precedent for the tumor with features of
renal cell carcinoma and of transitional cell carcinoma
reported by Terada and associates [2]. The previous report
would be hard to discover with a literature search because
of the title, “Atypical carcinoma of kidney possibly
originating from collecting duct epithelium [1].” The
renal medullary neoplasm reported by Chromie, Davis,
and DeTure had features both of conventional renal cell
carcinoma of the clear cell type and of transitional cell
carcinoma, arising from the renal pelvis. Both components
were periodic acid-Schiff positive. The authors foresaw
the additional methodologies needed to study the lesion.
Based upon current standards, the neoplasm would not be
classified as a carcinoma of collection duct origin. Their

report was, however, a seminal event in the development
of the concept of collection duct carcinomas, as it
suggested the possible origin of neoplasms from collection
ducts.
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Sir, I am very grateful to Dr. Beckmann for informing me
of a precedent case [1] similar to our previous report [3]. I
had not been able to detect the case by computer-aided
reference search [3]. Chromie, Davis, and Deture [1]
reported in 1979 an atypical kidney tumor with cellular
elements of renal cell carcinoma (RCC) and transitional
cell carcinoma (TCC). The kidney carcinoma consisted of
a mixture of renal clear cell carcinoma-like cells and
TCC-like cells [1]. The latter involved the renal pelvis
and showed occasional papillary configurations. Both
malignant cells were positive with periodic acid-Schiff
and negative for epithelial mucin. No definite features
were obtained using an electron microscope. They sug-
gested three hypotheses [1]. The first was that the atypical
carcinoma was RCC, which strikingly mimicked papillary
TCC, projecting the pelvis. The second was that the
carcinoma was TCC with tubular features. The third was
that the carcinoma originated from the collecting duct
epithelium. They preferred the third hypothesis. Our case
[3] is very similar to theirs [1]. I admit that their report is
a precedent for our case. However, our case is different
from collecting duct carcinoma (Bellini duct carcinoma),

which shows features of tubular and papillary prolifera-
tions of carcinoma cells resembling collecting duct
epithelium [2]. In addition, we could not demonstrate
that our tumor originated from collecting duct epithelium.
In any event, further studies using new methods are
required to reveal the histogenesis of such atypical kidney
carcinomas with RCC and TCC components.
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Pedunculated angiomyolipoma of the liver
with a predominant pelioid pattern
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Sir,
Angiomyolipomas (AMLs) are mesenchymal tumors of-
ten described in the kidney and rarely in the liver.
Nonomura et al. summarized 52 reported cases of hepatic
AML in 1994 [3]. Tsui et al. reported 30 cases of hepatic
AML and delineated unusual morphological variants in
1999 [4]. Increasing familiarity with radiological and
histological features of this tumor facilitates its diagnosis,
and, recently, more cases have been reported. AML can
have a variety of imaging and pathological appearances,
which are dependent on the proportion of each of the
three components. Pedunculated AML of the liver, in
which the pedicle arises from the hepatic lobe, has been
never described. In this paper, we report the first case of a
pedunculated hepatic AML with a predominant pelioid
pattern.

A 44-year-old woman was admitted to a local hospital
with a chief complaint of dull epigastric pain. Ultraso-
nography demonstrated a 10-cm well-demarcated tumor
with a mosaic pattern in the left lobe of the liver. Con-
trast-enhanced computed tomography confirmed the low-
density tumor with mild heterogeneous enhancement.
The patient was referred to our institution for further
examination. On physical examination, a firm mass was
palpable in the upper middle abdomen. There was mild
upper abdominal tenderness. The patient had no prior
history of hepato–biliary disease or tuberous sclerosis.
Pertinent laboratory data on admission were all normal.
Serological tests for hepatitis B and C were negative.
Tumor markers, including alpha-fetoprotein, carcinoem-

bryonic antigen, and carbohydrate antigen 19–9 were all
within normal limits. Hepatic angiogram disclosed a
huge hypervascular tumor and dilated tortuous vessels.
T1-weighted gradient-echo magnetic resonance imaging
revealed a small fatty component of the tumor. Surgery
was performed under the preoperative diagnosis of he-
patic AML. However, hepatocellular carcinoma with
fatty change could not be completely ruled out. Inter-
estingly, surgical exploration showed a huge, whitish-
yellow tumor that protruded from the left lobe of the
liver, which was markedly atrophic. Many reddish-purple
areas were observed on the tumor surface. On intraop-
erative frozen section histology, polygonal or rounded
cells with clear cytoplasm were arranged in the trabec-
ulae (Fig. 1). The patient underwent a left hepatectomy.
Grossly, the resected tumor was connected to the liver by
a short pedicle. Bloody areas of various sizes were ob-
served within the tumor (Fig. 2). Histologically, the
predominant distribution of pelioid spaces was identified.
Pelioid spaces were filled with eosinophilic serous fluid
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Fig. 1 Microscopic appearance of intraoperative frozen section of
the tumor. Polygonal or rounded cells with clear cytoplasm are
arranged in the trabeculae (hematoxylin and eosin staining, �200)



and many red blood cells without distinct endothelial
lining (Fig. 3A). An admixture of sheets of epithelioid
myoid cells, thick-walled abnormal blood vessels, and
islands of mature adipocytes were identified (Fig. 3B).
The epithelioid myoid cells had a spider-web cell mor-
phology with clear cytoplasm. Extramedullary hemato-
poiesis was absent. The underlying liver was normal.
Immunohistochemically, the epithelioid and spindle
myoid cells were positive for HMB-45 (Fig. 3C) and
negative for cytokeratin (CAM5.2). Although the epi-
thelioid myoid cells strongly stained with HMB-45, the
spindle myoid cells were weakly reactive. The staining of
actin, desmin, and vimentin was strong in spindle myoid
cells and weaker in epithelioid myoid cells. The post-
operative course was uneventful. The patient survived for
4 years without evidence of recurrence.

Pedunculated AML is a gross anatomical variant of
AML. We have reported the first case of pedunculated
hepatic AML. Macroscopically, the tumor was closely
attached to the neighboring liver by a short pedicle, and
the left lobe was remarkably atrophic. Thus, the tumor
preoperatively appeared as an intrahepatic tumor in the
left lobe of the liver. Although only one malignant case of
hepatic AML has been reported to date [2], most AMLs
can be managed conservatively because of their low po-
tential for malignant transformation. However, peduncu-
lated hepatic AMLs grow to massive sizes and may rup-
ture spontaneously. In addition, torsion of the pedicle is
possible. Thus, we believe that surgical intervention
should be undertaken if a diagnosis of pedunculated he-
patic AML can be made.

On the intraoperative frozen section histology, the
samples incidentally included many areas that showed a
trabecular pattern; thus, the tumor was very difficult to
differentiate from hepatocellular carcinoma. However, a
careful survey of the entire specimen demonstrated a
typical pattern that was characterized by an admixture of
sheets of epithelioid myoid cells, thick-walled abnor-
mal blood vessels, and islands of mature adipocytes.

Fig. 2 Macroscopic feature of the resected tumor. The tumor is
connected to the liver by a short pedicle. Bloody areas of various
sizes are observed within the tumor

Fig. 3 Microscopic and immunohistochemical appearances of the
tumor. A Pelioid spaces without distinct endothelial lining are filled
with eosinophilic serous fluid and many red blood cells (hema-
toxylin and eosin staining, �40). B An admixture of sheets of ep-
ithelioid and spindle myoid cells, thick-walled abnormal blood
vessels, and islands of mature adipocytes. The blood vessels are
surrounded by mantles of epithelioid myoid cells and lack an elastic
lamina (hematoxylin and eosin staining, �100). C The epithelioid
myoid cells strongly stain with HMB-45 (�100)
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Uniquely, the tumor predominantly (almost 60% of the
maximal cross section of the tumor) showed a peliotic
pattern [4]. AML can create various histological appear-
ances within an individual tumor and sometimes poses a
diagnostic challenge histologically. An unusual case of
AML, as in this case, is the most difficult to diagnose.
Recently, fine-needle aspiration biopsy has been reported
to be useful in the preoperative diagnosis of this tumor
[1]. However, more attention should be paid to its protean
morphological appearances when minute samples are in-
terpreted.
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Osteoclastogenesis in human breast carcinoma
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Dear Sir, We herein report the involvement of vascular
endothelial growth factor (VEGF) expression and osteo-
clast-like giant cell (OGC) formation in human breast
carcinoma. We believe that OGCs are osteoclasts derived
from peripheral blood macrophages, while overexpression
of VEGF in the carcinoma cells may play a pivotal role in
the osteoclastogenesis.

A 46-year-old Japanese woman had a 30-mm palpable
mass at the upper outer quadrant of her left breast. She
underwent ultrasonography and mammography. Mam-
mography showed a high-density mass in her left upper
outer quadrant, but neither spiculation nor microcalcifi-
cation were observed. Moreover, an oval-shaped hypo-
echoic mass with a well-demarcated margin was detected
by ultrasonography. These imaging findings suggested
that the tumor mass was a benign lesion, and the patient
was suspected of having a fibroadenoma. She underwent
fine-needle aspiration from the breast lesion, from which
the cytological diagnosis was a suspected carcinoma with
OGCs. The patient underwent conservative surgery of the
left breast with dissection of the tumor and lymph nodes.

Gross macroscopic analysis of the resected surface of
the 25�25�20-mm nodule showed a yellowish solid
appearance with a well-circumscribed margin, but a part
of the peripheral margin of the tumor appeared dark
brownish. Microscopically, the major histological pattern
of the tumor was invasive ductal carcinoma, papillotubu-

lar carcinoma, with OGCs being frequently observed in
the fibroblastic or hemorrhagic vascular stroma as well as
in abutted carcinoma nests or the glandular lumen
(Fig. 1a). Moreover, severe hemorrhage and infiltration
of hemosiderin-laden macrophages were observed in the
dark-brownish and yellow-brownish lesions. Lymph-node
metastasis was microscopically seen in one-fourteenth of
excised lymph nodes, while carcinoma metastasis was
accompanied by an OGC component.

To determine the characteristics of the carcinoma and
OGCs, we performed immunohistochemical analysis
(Table 1). OGCs were immunoreactive for anti-CD68
(monoclonal, 1:80; Dako Japan) (Fig. 1b), but not for
antibodies to epithelial markers, such as cytokeratin
(monoclonal, 1:50; Dako Japan) and epithelial membrane
antigen (EMA, monoclonal, 1:50; Dako Japan). These
results suggest that OGCs are derived from macrophages.
Progesterone receptor (monoclonal, 1:50; Dako Japan)
was detected in the nuclei of carcinoma cells, whereas
estrogen receptor (monoclonal, 1:50; Dako Japan) p53
(monoclonal, 1:100; Dako Japan) and c-erbB2 (monoclo-
nal, 1:100; Nichirei Co.) were under the detectable level.
Of the carcinoma nuclei, 22% were positive for a
proliferation marker Ki-67 (monoclonal, 1:25; Dako
Japan). These bodies of evidence indicated that the
carcinoma cells were at a biologically low grade of
malignancy compared with other subtypes of breast
carcinomas.

To elucidate the hypervascular stroma and OGC
formation in breast carcinoma, we determined the ex-
pression of VEGF and VEGF receptors. An antibody to
endoglin (CD105, monoclonal, 1:100; Dako, catalyzed
signal amplification system) revealed dense angiogenesis
in the stroma (Fig. 1c). Prominent VEGF (polyclonal,
1:100; Santa Cruz Biotechnology) was detected in the
carcinoma cells and OGCs, but mononuclear macro-
phages were negative (Fig. 1d). Flt-1 (VEGFR-1, poly-
clonal, 1:100; Santa Cruz Biotechnology) was detected in
the carcinoma cells and the round OGCs located at the
carcinoma lumen, but not detected in the elongated OGCs
seen adjacent to the periphery of carcinoma nest (Fig. 1e).
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Meanwhile, KDR/Flk-1 (VEGFR-2, monoclonal, 1:100;
Santa Cruz Biotechnology) was not observed in the
carcinoma cells, OGCs, or macrophages. Tartrate-resis-
tant acid phosphatase (TRAP, Sigma diagnostic Inc.), an
osteoclast marker, was strongly present in the elongated
OGCs and occasional mononuclear cells (Fig. 1f). The
round OGCs in the carcinoma lumen were weakly
positive for TRAP.

To determine the detailed expression level of VEGF
and Flt-1, we performed reverse-transcription polymerase
chain reaction (RT-PCR) analysis after microdissection
(LS-337; Cell Robotics International Inc.). The primers
used were 50-ATGCGGATCAAACCTCACC-30 and 50-
ATCTGGTTCCCGAAACCCTG-30 for VEGF, 50-GGC-
CTCTGATGGTGATTGTT-30 and 50-TTGGTTTCTTG-
CCTTGTTCC-30 for Flt-1 and 50-AAACTGGAACGGT-
GAAGGTG-30 and 50-GTGGCTTTTAGGATGGCAAG-
30 for b-actin. Each PCR regime involved a 95�C, 5-min
initial denaturation step, followed by 50 cycles at 54�C
for 1 min (VEGF) or at 60�C for 1 min (Flt-1 and b-
actin), and then at 72�C for 1 min on a Gene Amp PCR

system 2100 (Perkin Elmer). In RT-PCR analysis, the
isoform 121 of VEGF was predominantly detected in the
carcinoma cells and OGCs, but other isoforms were not
detected (Fig. 2). Flt-1 was detected in carcinoma cells,
but not in OGCs. These RT-PCR analysis results were
essentially compatible with the immunohistochemical
investigations.

Peripheral blood monocytes/macrophages have recent-
ly been reported to differentiate into osteoclasts and
promote bone resorption in the presence of several
cytokines or growth factors. The CD14-positive mono-
cytes differentiate into TRAP-positive osteoclasts through
a combination of macrophage colony-stimulation factor
(M-CSF) and interleukin-4 [1]. Moreover, the addition of
granulocyte-macrophage colony-stimulating factor stim-
ulates the terminal differentiation of monocytes/macro-
phages into osteoclasts that co-expressed CD-68, the
osteoclast marker vitronectin receptor and TRAP [2].
Meanwhile, recombinant VEGF induces osteoclast for-
mation in osteopetrotic mice that are deficient in M-CSF
[4]. Cultured osteoclasts derived from bone marrow

Fig. 1 The breast tumor shows invasive ductal carcinoma, papil-
lotubular carcinoma with osteoclast-like giant cells (OGCs) (a, HE
stain, arrows). OGCs (arrows) and mononuclear cells are positive
for CD68 (b). Low-power magnification shows hypervascular
stroma with CD105 (c). Vascular endothelial growth factor is
expressed in the OGCs (arrows) as well as carcinoma cells (d). Flt-

1 is present in the carcinoma cells and the round OGCs that have
located at the carcinoma lumen (arrow), but elongated OGCs are
negative (e, arrowheads). Tartrate-resistant acid phosphatase ac-
tivities are detected in the elongated OGCs (arrowheads) and focal
mononuclear cells (f), while the round OGCs in the lumen are
weakly positive (arrow, separate column)

Table 1 Immunohistochemical analysis of breast carcinoma with osteoclast-like giant cells (OGCs). EMA epithelial membrane antigen,
ER estrogen receptor, PR progesterone receptor, VEGF vascular endothelial growth factor, TRAP Tartrate-resistant acid phosphatase

Cell types CD68 EMA Keratin ER PR Ki-67 p53 c-erbB2 VEGF Flt-1 TRAP

Carcinoma cells � + + – + + � � + + �
Macrophages + – � � � � � � � + +/�
OGCs (round cells) + � � � � � � � + + €
OGCs (elongated cells) + � � � � � � � + � +

471



promote bone resorption by the dose-dependent addition
of VEGF [3]. Moreover, under VEGF, cultured osteo-
clasts demonstrate partially delayed cell death.

In this paper, we hypothesized that VEGF is associated
with OGC formation in breast carcinomas. The excess
VEGF, which is secreted from the carcinoma cells,

promotes tumor angiogenesis and migration of macro-
phages, which are double positive for Flt-1 and CD68.
These macrophages accumulate and fuse with each other,
and they differentiate into TRAP-positive OGCs in the
presence of VEGF. TRAP activities are upregulated
during the macrophage differentiation into osteoclasts,
whereas Flt-1 is reduced through the process of differen-
tiation.

In conclusion, OGCs in breast carcinoma are osteo-
clasts that are terminally differentiated from macro-
phages, and the study also shows that high expression
of VEGF in carcinoma cells is, at least, possibly essential
for osteoclastogenesis.
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Sir, Salivary duct carcinoma (SDC) is a highly aggressive
salivary gland neoplasm affecting older, male patients and
arising in the major salivary glands. The most frequent
location is the parotid gland, followed by submandibular
glands or minor salivary-gland sites [10]. Clinically, these
tumors are characterized by aggressive behavior with
early distant metastasis, local recurrence, and high mor-
tality. Some studies, including three large series [1, 2, 6],
characterized the clinical pathological features as a
distinct entity. We describe a SDC with oncocytic-like
appearance and morphological and immunohistochemical
features of endocrine differentiation, studied by means of
fine-needle aspiration (FNA) and immunohistochemistry.

A 75-year-old man presented with a rapidly enlarging
tumor mass in his right parotid gland. There was no
clinical evidence of hormonal secretion. A FNA disclosed
three-dimensional groups of epithelial cells with disco-
hesion. The individual cells were large and polyhedrical,
with abundant granular cytoplasms and atypical nuclei
(Fig. 1). A diagnosis of malignancy, consistent with a
high-grade carcinoma was made. The patient suffered a
right facial palsy and, thereafter, a radical parotidectomy
with regional lymph-node dissection, followed by the
administration of local radiotherapy (50 Gy). The post-
operative course was uneventful, and the patient is alive
and well 5 years after surgery. Grossly, the parotid gland
was replaced by a multicentric tumor mass measuring
5�3�2 cm, whitish and with hard consistency. Micro-
scopically, the tumor exhibited a mixture of patterns such
as solid with few foci of comedonecrosis, cribiform,
trabecular and a striking organoid pattern of growth
(Fig. 2). The cells were of large size, containing round
and central nuclei and with abundant eosinophilic and
granular cytoplasm (Fig. 3), which reacted positively with
Grimelius stain. The phosphotungstic acid hematoxylin
(PTAH) was negative. The mitotic count was 12/10 HPF

with atypical mitoses. Frequent lymphatic perineural
invasion was observed. The radical right neck dissection
contained 12 lymph-node metastases. Immunohistochem-
ical study showed strong positivity to pancytokeratin
(AE1/AE3), cytokeratin 7, GCDFP-15 (Fig. 4) and C-
erbB-2 (3+). Chromogranin-A and synaptophysin stains
disclosed a diffuse cytoplasmatic granular positivity
(Fig. 5). Mib-1 and topoisomerase II alpha was positive
in more than 20% of nuclei. The nuclei overexpressed p53
in more than 20% of the cells. Androgen receptors (ARs)
were positive, while estrogen and progesterone receptors
were both negative. Cytokeratin 20, S-100 protein and
antimitochondrial antigen were uniformly negative.

Cytological features of SDC include loose clusters of
cribiform and gland-like aggregates, with monomorphic
polygonal cells containing round nuclei with abundant,
finely granular cytoplasm, indistinct nucleoli and a
background of necrosis.

We draw attention to an oncocytic-like appearance in
SDC. Interestingly, 4 of 21 cases in one series exhibited
ill-defined eosinophilic cytoplasm and scant or absence of
necrosis, as in our case [4]. Actually, the monomorphism
of the individual cells with large and eosinophilic granular
cytoplasm led us to consider an oncocytic carcinoma (OC)
in the differential diagnosis. Separation of SDC from OC
lies in the demonstration in the later tumor, the presence of
cytoplasmatic granules composed of a large number of
mitochondria, which can be highlighted by PTAH, anti-
mitochondrial antigen stain or electron microscopy. Dis-
tinction between SDC and large cell-type undifferentiated
carcinoma may be difficult and is based on the lack of
glandular pattern, and negativity for GCDFP-15 and AR
expression.

The immunohistochemical profile of SDC shows
positivity for cytokeratins, GCDFP-15 [3, 6, 9] and
ARs. Between 70% and 90% of SDCs exhibit AR
positivity, indicating hormonal influences, which may
have therapeutic benefits. Similarly, in apocrine carcino-
ma of the breast, ARs are positive in 22% of tumors
analyzed, while both estrogen and progesterone receptor
expression is negative. Our case also showed intense
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Fig. 1 Fine-needle aspiration
showing loose aggregates of
atypical epithelial cells con-
taining round to oval nuclei and
granular cytoplasm (original
magnification, Papanicolaou
stain �250)

Fig. 2 The tumor showed an
organoid pattern with striking
granular and glassy cytoplasm
(original magnification, HE
�250)

Fig. 3 The tumor cells were
large and pleomorphic with eo-
sinophilic cytoplasm (original
magnification, HE �400)
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positivity for CK 7, which fulfills the phenotype CK 7+/
CK 20� of salivary-gland tumors. This fact may be useful
in the differential diagnosis with other head and neck
tumors. The expression of GCDFP-15 is also shared with
apocrine ductal infiltrating carcinoma of the breast and its
variants. Morphologically, both tumors bear also a strik-
ing morphological resemblance with large cells contain-
ing granular or “glassy” eosinophilic cytoplasm. Because
of the striking similarity with ductal infiltrating carcino-
ma of the breast, it is not surprising that SDC may
disclose endocrine differentiation. In female mammary
gland, the incidence of endocrine features varies from 3%
to 25%. The hallmark of these tumors consists of dense
core granules documented ultrastructurally and argy-
rophilic cytoplasmatic granules highlighted with histo-
chemical techniques, such as Grimelius stain, or demon-
strating chromogranin and synaptophysin expression.
Cytologically, the cells are monomorphic with granular
cytoplasm rich in neuroendocrine (NE) granules and
round and uniform nuclei, in addition to occasional fine
vessels [5]. According to Sapino et al. more than 50% of

cells must be positive for at least one NE marker
(chromogranin A or B and synaptophysin) to define a
breast tumor as NE [7]. They classified their series of 47
cases into five types (solid cohesive, alveolar, small cell,
solid papillary and cellular mucinous). The comparison of
our case with NE breast carcinomas may show some
resemblance with the “alveolar type” characterized by
solid alveolar-like structures, separated by scanty dense
stroma with an infiltrative growth pattern. The cells are
large, with a faintly granular cytoplasm. The mitotic
count is high. The cells contained chromogranin and/or
synaptophysin. In our case, the presence of diffuse
positivity for chromogranin and synaptophysin may
contribute to explaining the granular eosinophilic appear-
ance of the cells. To the best of our knowledge, the
presence of endocrine differentiation in SDC was not
investigated in the series recorded in the English litera-
ture. In our case, C-erbB-2, topo II and Mib-1 expression
were positive, correlating with the aggressive clinical
outcome (extra glandular extension and high proliferative
activity), and resistance to chemotherapeutic drugs.

Fig. 4 The cells showed intense
and diffuse cytoplasmic posi-
tivity for GCDFP-15 stain
(original magnification,
GCDFP-15 �250)

Fig. 5 Immunostaining is posi-
tive for chromogranin-A (A),
and synaptophysin (B) (original
magnification, chromogranin-A
and synaptophysin stain �250)
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Regarding the ominous prognosis in SDC, Simpson et
al. reported a series in which up to 70% of patients died of
disease within 3 years of diagnosis with widespread
metastases. Interestingly 1 of 7 patients was a long-term
survivor, although the tumor measured 3 cm and had
invasive edges, and the excision was incomplete, it was
distinguished by the absence of any necrosis [8]. Simi-
larly, this case here described had a better behavior than
the conventional SDC. We suspect that the presence of
scanty necrotic areas and the NE differentiation may be
relevant for prognosis. Perhaps this is a point for further
investigation in future studies.
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Sir,
Synovial sarcoma (SS) is the fourth most common type of
soft-tissue sarcoma, and usually occurs in the paraartic-
ular regions of the extremities [10]. Despite its name, this
tumor is uncommon in joint cavities, while it may be
encountered in areas with no apparent relationship to
synovial structures, such as the parapharyngeal region,
abdominal wall, pleura and heart. In a search of the
literature, we identified only nine cases of primary SS of
the heart [1, 2, 3, 4, 6, 7, 8, 9], four of which arose in the
right atrium and formed polypoid masses [1, 4, 8, 9].

SSs are composed of two distinct types of cells:
epithelial cells, resembling those of carcinoma, and
spindle cells, similar to those of fibrosarcoma [10].
Depending on the relative prominence of the two cellular
elements and the degree of differentiation, SSs are
classified into four categories: biphasic, monophasic
fibrous, monophasic epithelial, and poorly differentiated.
Whereas the biphasic type is readily recognizable by the
coexistence of the two cell types, the diagnosis of the
other three types of SS often requires the input of
immunohistochemical and molecular methods. SS is
characterized by a specific chromosomal translocation,
t(X;18)(p11.2;q11.2), involving the SYT gene on chro-
mosome 18 and one of the SSX genes (SSX1, SSX2 or
SSX4) on the X chromosome.

We report a case of monophasic fibrous SS of the right
atrium. The patient was a 28-year-old man who presented
with facial edema, distention of neck veins and systemic
hypertension (170/120 mmHg). His past medical history
was unremarkable. Magnetic resonance imaging of the

chest revealed a polypoid mass in the apex of the right
atrium, which on echocardiogram measured 2.9 cm in
greatest dimension. Transesophageal echocardiogram
confirmed the presence of an atrial tumor extending to
the superior vena cava. Work-up of the patient was
negative for metastases. A sternotomy was performed; the
tumor was excised in pieces and sent for histological
examination.

On gross examination, the tumor fragments were
polypoid, white-pink and soft. The cut surfaces had
myxoid or elastic consistency. Frozen section examina-
tion revealed a high-grade spindle-cell sarcoma. On
permanent sections, the tumor had myxoid areas of
moderate cellularity alternating with densely cellular
areas. The neoplastic cells were arranged in sheets and
interlacing fascicles (Fig. 1A). They contained moderate-
ly pleomorphic, hyperchromatic nuclei and a small
amount of cytoplasm. Mitotic activity was high; three to
six mitotic figures per high power field were found in
many areas (Fig. 1B). There were multiple small foci in
which the tumor cells had ovoid or roundish shape and
appeared more cohesive than the surrounding spindle
cells, forming clusters. The neoplastic cells infiltrated the
wall of the right atrium.

Immunohistochemical stains were performed on par-
affin sections with a standard streptavidin-biotin perox-
idase method. The tumor cells were diffusely positive for
vimentin. The majority of tumor cells were also positive
for bcl-2 oncoprotein. The cells in the cohesive clusters
were additionally positive for epithelial markers, includ-
ing cytokeratin cam5.2, cytokeratin AE-1/AE-3 (Fig. 1C)
and epithelial membrane antigen (Fig. 1D). Some spindle
cells showed mild positivity for smooth muscle actin.
Stains for desmin, myoglobin, S-100 protein, CD34
antigen, factor VIII-related antigen, CD99 antigen and
CD117 antigen were negative.

The presence of SYT-SSX fusion transcripts was
assessed using a reverse-transcription polymerase chain
reaction (RT-PCR) method [5] on RNA extracted from
paraffin-embedded tumor tissue. RNA extracted from a
case of biphasic synovial sarcoma of the thigh was used as
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positive control, RNA from a healthy donor peripheral
blood sample as negative control, and PCR grade water as
internal negative control for the reaction. The adequacy of
cDNA quality was evaluated by RT-PCR for a glyceral-
dehyde-3-phosphate dehydrogenase gene (GAPDH) tran-
script. All cDNA samples were run in three dilutions (1:1,
1:10, 1:100). For the assessment of SYT-SSX, the
following primer pair was used: forward, 50-cagcagaggc-
cttatggatatga-30, and reverse, 50-ttgtgggccagatgcttc-30. The
reverse primer spans a region common in the SSX1 and
SSX2 genes, enabling the identification of SYT-SSX1
and SYT-SSX2 transcripts, which are the most commonly
found SYT-SSX fusion products in SSs, without allowing
distinction between them. PCR was performed in 50-ml
reactions with 2 mM MgCl2, 400 nM of each primer, and
2 U of platinum Taq polymerase (Invitrogen, Paisley,
United Kingdom), under the following conditions: 95�C
for 3 min; then 40 cycles of 95�C (15 s), 60�C (5 s), 72�C

(40 s); and finally 72�C for 7 min. The reaction products
were electrophoresed in 2.5% agarose gels. All samples
were positive for the GAPDH transcript at all dilutions.
The 96-bp product of the SYT-SSX transcript was
detected at all dilutions of the present case, as well as
in the positive control sample (Fig. 2).

Surgical resection of the tumor was followed by
radiation therapy. Four months following surgery, the
patient developed multiple lung and neck nodules. Two of
the lesions were excised. On histological examination,
they consisted of metastatic sarcoma displaying slightly
increased cellularity and pleomorphism, relative to the
primary tumor. Subsequently, the patient was referred to
the Medical Oncology Department for chemotherapy.

In the present case, the diagnosis of monophasic
fibrous SS was established with the assistance of immu-
nohistochemical and molecular methods. This is the first
time that a SYT-SSX fusion transcript was detected in a

Fig. 1 Histological and immunohistochemical findings. A Low-
power magnification of a representative area of the tumor showing
interlacing fascicles of neoplastic cells. Dense cellularity is present
in the upper left part of the field, whereas moderate cellularity and a
myxoid stroma are seen in the lower right part. B On high-power
magnification, the neoplastic cells demonstrate moderate nuclear

pleomorphism and high mitotic activity. In addition, they exhibit a
tendency to form cohesive clusters. C, D The tumor cells in the
cohesive clusters show positive immunostaining for cytokeratins
AE-1/AE-3 (C) and for epithelial membrane antigen (D). (A H&E,
�40; B H&E, �200; C, D streptavidin-biotin, �400)
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SS of the heart using RT-PCR. This method is very useful
in confirming the diagnosis of SS in unusual locations,
especially in cases lacking the typical biphasic pattern, as
the one we report. In two other cases of SS of the heart,
t(X;18) was detected by conventional cytogenetic analysis
[6, 7]. Both cases were of the monophasic fibrous type. In
seven additional cases reported in the literature (five of
the biphasic type, and two of the monophasic fibrous
type), cytogenetic or molecular studies were not per-
formed [1, 2, 3, 4, 8, 9]. In those cases, diagnosis was
based on the findings of the histological, immunohisto-
chemical and/or ultrastructural examination.

Primary sarcomas of the heart are rare tumors. In a
series of 75 sarcomas, only two cases of SS were found
[2]. In that series, angiosarcoma was the most frequent
sarcoma type (26 cases), followed by undifferentiated
sarcoma (18 cases), osteosarcoma (6 cases), malignant

fibrous histiocytoma (6 cases), leiomyosarcoma (4 cases)
and myxofibrosarcoma (3 cases). It would be of interest to
assess undifferentiated sarcomas for presence of SYT-
SSX fusion transcripts.

The question then arises what the line of differentiation
of cardiac SS is. One previously reported case was
considered to have arisen from a mesothelioma of the
atrioventricular node [9]; however, no similar cases have
appeared in the literature in the 16 years following that
publication. Until the line of differentiation of this tumor
is elucidated, we may consider SS of the heart a
“carcinosarcoma”, as has been suggested for this tumor
in more common locations [10].
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Sir, Testicular germ-cell tumors (TGCTs) are the most
common malignancy of young men, with a peak inci-
dence between 20 years and 40 years of age. The in-
cidence of TGCTs has risen dramatically over the last
century [1]. The potential for loss of productive years at
young ages indicates that TGCT medically and econom-
ically is an important disease. However, the molecular
pathogenesis of the TGCT still remains poorly under-
stood.

Cytogenetic findings have revealed specific gains and
losses from several chromosomal regions in TGCTs [5].
In particular, a gain of chromosome arm 12p, often
through the presence of isochromosome 12p, is the most
common genetic aberration in TGCTs. One of the can-
didate genes on 12p has been the KRAS2 gene. However,
the incidence of KRAS2 mutations in TGCTs is low [3].
So far, a common mutation of oncogenes contributing to
the development of TGCTs has not been identified. Other
than i(12p), a gain of chromosome 7 is frequently ob-
served in TGCTs [2]. The MET proto-oncogene at
chromosome 7q31 encodes the tyrosine-kinase receptor
for hepatocyte growth factor (HGF), which controls

genetic programs leading to cell growth, invasiveness,
and protection from apoptosis. Recently, trisomy of chro-
mosome 7 and constitutively activating mutations of the
MET gene have been identified in both hereditary and
sporadic forms of papillary renal carcinoma (PRC) [6, 7].
All of these point mutations were missense mutations that
localized to the tyrosine kinase domain of the MET
receptor [6].

Based on these lines of evidence, we have tested for
the presence of c-Met mutations in TGCT samples. Here,
we performed polymerase chain reaction (PCR)-based
single-strand conformation polymorphism (SSCP) and
sequence analysis of the tyrosine kinase domain of the
Met gene (exon 15–19) in four TGCT-derived cell lines
(Tcam-2, JKT-1, ITO-II and NEC8) and 35 surgically
resected TGCT tissues: Tcam-2 is a seminoma-derived
cell line obtained from Dr. Isao Hara at the University of
Kobe School of Medicine (Kobe, Japan); JKT-1 is a
seminoma-derived cell line obtained from Dr. Hiroyoshi
Tanaka at the Kawasaki Medical School (Kurashiki,
Japan); ITO-II is an embryonal cell carcinoma-derived
cell line; and NEC8 is a mixed-type germ-cell tumor-
derived cell line (embryonal carcinoma and yolk-sac tu-
mor). ITO-II and NEC8 were both purchased from the
Japanese Collection of Research Bioresources. Thirty-five
tumor specimens (21 seminomas and 14 non-seminoma-
tous TGCT tissues) were obtained from 35 patients with
TGCTs who were treated at Shiga University of Medical
Science and other affiliated hospitals. All human tissue
samples were obtained after receiving fully informed
consent.

All five exons of the Met gene were examined with the
previously described primer pairs [4]. For SSCP analysis,
the GenePhor system (Amersham Pharmacia Biotech, San
Francisco, CA) was used. SSCP bands were visualized
using a commercially available silver-staining kit (Amers-
ham Pharmacia Biotech) as recommended by the manu-
facturer.

Samples with band shifts were analyzed further by
cloning into plasmids and sequencing the cloned DNA; to
sequence the PCR products containing the DNA inser-
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tions, the fragments were cloned using TOPO TA cloning
kit according to the manufacturer’s protocol (Invitrogen).
We sequenced the cloned DNA using internal gene-
specific primers in both directions.

DNA sequencing was performed using an automated
ABI PRISM 310 DNA Sequencer (Perkin Elmer, Nor-
walk, CT). Sequencing reactions were performed as
recommended by the manufacturer.

The PCR–SSCP analysis showed three different band-
shift patterns using primer pairs encompassing exon 18.
These alterations turned out to be a polymorphism
at intron 17 (Table 1), which has not been previously
reported. However, no missense or nonsense mutations
were revealed in the TGCT-derived cell lines and TGCT
tissues. In conclusion, the MET proto-oncogene is not a
candidate target gene of the gain of chromosome 7 in
TGCTs.

Identification of target oncogenes involved in TGCT
tumorigenesis awaits further investigation.
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Table 1 A single nucleotide polymorphism of c-MET found in this study

Location DNA alteration Restriction enzyme Product size (bp) Genotype frequency (%)

Wild type (A) Variant (B) AA AB BB

Intron 17 T!C SspI 215, 75 290 22.9 37.1 40.0
75 bp upstream of exon 18
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Sir,
Cystic tumors of the pancreas are rare. Most common are
intraductal papillary mucinous neoplasms, serous cystic
neoplasms, mucinous cystic neoplasms and solid pseu-
dopapillary neoplasms [5]. Recently, a novel mucinous
cystic lesion of the pancreas, so-called mucinous non-
neoplastic cyst (MNC), was described [6]. MNCs are
mainly located in the pancreatic head and have no obvi-
ous sex predilection. They are either detected incidentally
or may present with abdominal discomfort or, rarely,
obstructive jaundice. On gross examination, most lesions
are macrocystic and well circumscribed, filled with blood
or fluid and lack communication with the pancreatic duct
system; microscopically, the cysts appear to be flat and
lined by cuboidal epithelium without any signs of cellular
atypia [6]. In contrast to mucinous cystic neoplasms of the
pancreas, the most important cystic tumor in the differ-
ential diagnosis, MNCs do not seem to recur or undergo
neoplastic transformation [6]. In view of all these fea-
tures, these cystic pancreatic lesions are considered “non-
neoplastic” [6].

A 58-year-old man was referred to the outpatient clinic
of our hospital in December 2002 with symptoms of acute
pancreatitis. Laboratory findings included slightly ele-
vated serum amylase levels, consistent with the clinical
diagnosis. Sonography revealed an enlarged head of the

pancreas with multiple small calcifications and several
liver cysts, the largest approximately 2.7 cm in greatest
diameter. To exclude a pancreatic carcinoma, computer-
ized imaging was performed (Fig. 1A). It revealed a
multicystic lesion in the uncinate process. The lesion was
about 3 cm in diameter and composed of small hypodense
lesions, partially forming cysts without storage of the
contrast medium. The lesion was well circumscribed,
except for the dorsal part, where it was not clearly de-
marcated. The bile and pancreatic duct systems and the
peripancreatic fat tissue were inconspicuous. Multiple
smooth-walled hypodense lesions were also found in the
liver and were interpreted as being consistent with non-
parasitic cysts. No renal cysts were observed. A pancre-
atoduodenectomy was performed. The patient was re-
leased from the hospital 11 days after the operation.
Seven months later he is well without recurrence.

On gross examination, the pancreatoduodenectomy
specimen showed a pancreatic lesion of 3 cm in diameter
and composed of multiple cysts subdivided by thin septa
and filled with small amounts of fluid. The surrounding
tissue was focally fibrotic, but otherwise inconspicuous.
Light microscopy revealed that the cysts were mainly
lined by flattened mucinous epithelium (Fig. 1B). The
epithelial cells showed no evidence of atypia or mitotic
activity. The cysts were surrounded by a dense fibrous
stroma containing a few scattered lymphocytes and small
areas of calcification adjacent to the pancreatic ducts and
acini. The apical portions of the epithelial cells stained
positively for periodic acid-Schiff and alcian blue. They
were focally positive for MUC5AC, CK7, carcinoem-
bryonic antigen (CEA) and CA 19–9 (Fig. 1C, D), but
negative for MUC1, MUC2, CK20, p53, a-inhibin, cal-
retinin and the neuroendocrine markers synaptophysin
and chromogranin. The proliferation index, assessed with
Ki-67, was less than 1%.

Mucinous cystic neoplasms of the pancreas play an
important role in the differential diagnosis of MNCs.
Mucinous cystic neoplasms are usually located in the
pancreatic body and tail (93%) and show a strong female
predominance, while MNCs lack these features [6, 8].
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These entities also seem to differ in their prognosis, be-
cause mucinous cystic neoplasms tend to recur and have a
malignant potential if not fully resected, while, to the best
of our knowledge within the reported mean follow-up of
2 years, the five documented cases of MNC did not [5, 6].
Histologically, the two entities are clearly distinct. The
cysts of mucinous cystic neoplasms do not communicate
with the pancreatic duct system and are surrounded by an
ovarian-like stroma composed of densely-packed spindle
cells with elongated nuclei. They are lined by a mucinous
epithelium that sometimes even lacks cytological atypia
[8]. The stroma supporting the MNCs is composed of
dense fibrous tissue, sometimes containing lymphocytes,
macrophages or, occasionally, areas of calcification or
even metaplastic bone formation [6]. The epithelial lining
of the cysts does not show pleomorphism or mitotic ac-
tivity [6]. However, MNCs and mucinous cystic neo-
plasms also have some features in common. Both are
alcian blue and periodic acid-Schiff positive and express
cytokeratins 7, 8, 9 and 19, CA 19–9 and MUC5AC [6]. It
has been suggested that these findings indicate a similar

epithelial phenotype in MNCs and mucinous cystic neo-
plasms [6].

In our case, the mucinous epithelium also expressed
CEA predominantly in the apical portion of the cells, but
a small percentage of the cells stained in their cytoplasms.
CEA labeling in normal pancreatic tissue should be lim-
ited to the apical membrane; cytoplasmic staining is ob-
served only in pancreatic neoplasms [1, 4]. Expression of
CEA has not been reported so far in MNCs, but is char-
acteristic of mucinous cystic neoplasms and may further
support a common origin of the epithelial component
of MNCs and mucinous cystic neoplasms [4, 6]. The
pathogenesis of MNCs, speculating a developmental de-
fect (see discussion below), and their “non-neoplastic”
nature appear to be arguable, since they are determined
only using morphological and clinical evidence [6].
Considering the observed staining pattern of CEA in our
case, one may speculate that MNCs might have at least a
staining pattern signature of a pancreatic neoplasm. Mo-
lecular studies on large collectives should clarify this
intriguing question.

Fig. 1 Contrast medium computerized imaging venous phase with
the mesenteric and splenic vein showing smooth-walled liver cysts
and a multicystic lesion in the head of the pancreas (A). Low-power

view of the pancreatic cysts mainly showing flattened epithelial
lining, hematoxylin and eosin �10 (B) and immunostaining for
CA19–9 (C) and carcinoembryonic antigen (D)
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Compared with the MNCs reported by Kosmahl and
co-authors, the cysts in our case were rather small, since
MNCs usually have a diameter of more than 3 cm [6].
Therefore, if lesions of this size are encountered, retention
cysts should be included in the differential diagnosis.
They usually measure approximately 0.5–1 cm in diam-
eter and result from an obstruction of the pancreatic ducts
due to severe chronic pancreatitis or pancreatic neoplasms
[6]. None of these conditions was detected in the present
case.

In addition to the cystic lesion in the pancreas, several
liver cysts were detected in our patient. Non-parasitic
liver cysts are a frequent incidental finding, with up to 5%
of the population having one or more cysts, and do not
require treatment unless they become symptomatic or if
complications such as rupture, torsion, infection or hem-
orrhage occur [2, 7]. The differential diagnosis includes
non-parasitic benign cysts, polycystic disease, cystic
neoplasms and hydatid cysts, the vast majority being non-
parasitic liver cysts [2, 7]. Non-parasitic liver cysts are
thought to arise as a congenital aberration of bile duct
development [3]. MNCs may arise due to the duplication
of gastrointestinal tissue, forming an enterogenic cyst. It
has also been suggested that they are the result of a de-
velopmental defect of the pancreas with cystic transfor-
mation of the duct system [6]. This raises the question of
whether the coincidence of the two maldevelopmental
lesions in our patient could indicate an event occurring
concomitantly in the liver and the pancreas during em-
bryogenesis. However, given the frequency of non-para-
sitic liver cysts, the presence of asymptomatic liver cysts

in a patient with MNC of the pancreas is most likely
accidental [7].

References

1. Adsay NV, Merati K, Nassar H, Shia J, Sarkar F, Pierson CR,
Cheng JD, Visscher DW, Hruban RH, Klimstra DS (2003)
Pathogenesis of colloid (pure mucinous) carcinoma of exocrine
organs: coupling of gel-forming mucin (MUC2) production
with altered cell polarity and abnormal cell-stroma interaction
may be the key factor in the morphogenesis and indolent be-
havior of colloid carcinoma in the breast and pancreas. Am J
Surg Pathol 27:571–578

2. Ammori BJ, Jenkins BL, Lim PCM, Prasad KR, Pollard SG,
Lodge JPA (2002) Surgical strategy for cystic diseases of the
liver in a Western hepatobiliary center. World J Surg 26:462–
469

3. Arai H, Nagamine T, Suzuki H, Shimoda R, Abe T, Yamada T,
Takagi H, Mori M (2002) Simple liver cyst with spontaneous
regression. J Gastroenterol 37:755–757

4. Helpap B, Vogel J (1989) Immunohistochemical studies on
cystic pancreatic neoplasms. Pathol Res Pract 184:39–45

5. Kl�ppel G, Kosmahl M (2001) Cystic lesions and neoplasms of
the pancreas. The features becoming clearer. Pancreatology
1:648–655

6. Kosmahl M, Egawa N, Schr�der S, Carneiro F, L�ttges J,
Kl�ppel G (2002) Mucinous nonneoplastic cyst of the pancreas:
a novel nonneoplastic cystic change? Mod Pathol 15:154–158

7. Martin IJ, McKinley AJ, Currie EJ, Holmes P, Garden OJ
(1998) Tailoring the management of nonparasitic liver cysts.
Ann Surg 228:167–172

8. Zamboni G, Scarpa A, Bogina G, Iacono C, Bassi C, Talamini
G, Sessa F, Capella C, Solcia E, Rickaert F, Mariuzzi GM,
Kl�ppel G (1999) Mucinous cystic tumors of the pancreas:
clinicopathological features, prognosis and relationship to other
mucinous cystic tumors. Am J Surg Pathol 23:410–422

484



1–11 June 2004
International course on Laboratory Animal Science
Utrecht, The Netherlands

A two week intensive course on laboratory animal science will 
be organized at the Department of Laboratory Animal Science –
Utrecht, The Netherlands in June 2004. This course is organized
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their location. For this purpose, during the
course the acquisition of teaching materials can be discussed with
the course committee.

For information and application forms please contact:
Prof. L.F.M. van Zutphen, PhD or
Mr. Stephan van Meulebrouck, MA
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Tel.: ++31-30-2532033
Fax: ++31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click on “Education and Training”)

4–5 June 2004
15th Ljudevit Jurak International Symposium 
on Comparative Pathology
(http://www.kbsm.hr/Jurak/symposium.htm), will be held 
in Multimedial center Sestre milosrdnice University Hospital, 
Vinogradska 29, Zagreb, Croatia.

The main symposium topic is head and neck pathology (in-
cluding ophthalmopathology). Symposium includes following
sections: Pathological Morphology of the Human and Animal 
Diseases, Iatrogenic, Environmental and Experimental Pathology,
Herman Jurak Round Table on Rheumatological Pathology, Tele-
pathology on-line conference, Clinical Forensic Pathology, Slide
Seminars in Histopathology and Cytopathology, Quiz on Pathology.

For further information please contact:
Davor Tomas, M.D.
Ljudevit Jurak Clinical Department of Pathology
Sestre milosrdnice University Hospital
Vinogradska 29
10000 Zagreb, Croatia
Phone: 385-1-3787-909
Fax: 385-1-3787-244
e-mail: dtomas@kbsm.hr, juraks@kbsm.hr

7–9 June 2004
40th Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

This non residential course includes one and a half days of multi-
disciplinary education and one and a half days of seminars speci-
fic to each discipline.

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

11–16 July 2004
ULTRAPATH XII: Conference on Diagnostic Electron 
Microscopy with Surgical, Clinical, and Molecular Pathology
Correlations
Barcelona, Spain

The scientific program will cover diagnostic Electron Microscopy
as well as Diagnostic Pathology – with immunohistochemical and
molecular correlations – and translational research. Renowned ex-
perts in the field from both sides of the Atlantic will present up-
dated comprehensive reviews of significant areas of Pathology. In
addition, a new section of the meeting will be devoted to a Patho-
logy Review Course. Platform and Poster presentations will also
be an important part of the program.

For further information, please contact:
Josep Lloreta-Trull, M.D., Ph.D. (chairman)
Department of Pathology, Hospital del Mar-IMAS-IMIM
Universitat Pompeu Fabra
Passeig Maritim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es.
The Application form and Abstract form can be found on the
meeting website, http://www.tilesa.es/ultrapath04/

27–30 July 2004, London
Practical Pulmonary Pathology

This course is designed to provide histopathology and cytopatho-
logy trainees and consultants with an opportunity to study dia-
gnostic lung pathology in a comprehensive manner. It comprises
lectures and practical microscopy sessions, the latter making up
roughly half the time and consisting of individual study of a
unique collection of cases.

For further details and application forms please contact:
Professor B Corrin, 
Brompton Hospital
London SW3 6NP
Fax: +44 20 7351 8293. 
E-mail: b.corrin@ic.ac.uk

9 September 2004
One day course on Advanced Ultrasound of the Breast
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk
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23–24 September 2004 (Change of date)
Thyroid Pathology for the Practicing Pathologist
15 rue de l’Ecole de Médecine, Paris, France

A 2-day course will take place in Paris under the auspices of the 
French Division of the I.A.P. This course will be given in English by
Prof. M. Sobrinho-Simoes (Porto) and Prof. R. Heimann (Brussels).

It will consist of lectures alternating with slide reviews and a
slide seminar over a multihead microscope. The cases of this
seminar will be sent (on CD) before the meeting. The audience
will be limited to 22 participants. 

Course fee: 390 euros (320 euros for members of any IAP divi-
sion). The fees include registration, hand-out, CD of the slide se-
minar and coffee breaks.
For further information, please contact: 
Mrs. M. Fontanière
Administrative Secretary
French Division of the I.A.P. 32 Cours Albert Thomas
69008, Lyon, France
Fax: 33478754311
E-mail: academie.pathologie@wanadoo.fr

11 October 2004
Continuing Medical Education
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

22–24 November 2004
41st Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk
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Prof. Niki J. Agnantis
University Department of Pathology
Medical School of Ioannina
GR-45110 Ioannina, Greece
Tel.: +302-651-097795
Fax: +302-651-097858
e-mail: nagnanti@cc.uoi.gr

Dr. Bjørn Risberg 
Department of Pathology
The Norwegian Radium Hospital
0310 Oslo, Norway
Tel.: +47-22934174
Fax: +47-22508554
e-mail: brisberg@labmed.uio.no

The newsletter of the
European Society of Pathology,
EUROPATH NEWS, is sponsored by
Leica Microsystems Nussloch GmbH

Dear Colleagues,

We are very pleased to present the
first 2004 issue of our ESP Newslet-
ter. This issue begins with the Presi-
dential Address of Prof. Antonio
Cardesa and continues with the
Minutes from the Extraordinary
General Assembly meeting of the
European Society of Pathology in
Paris by Prof. Roderick Simpson and
the presentation of the Executive
Committee of ESP (2003–2005), fol-
lowed by the farewell address of the
past Treasurer, Prof. Urbain van
Haelst. Also included are announce-
ments of forthcoming conferences,
seminars, and tutorial courses, as well
as information about the working
groups formed. Please do not hesi-
tate to provide us with material on
activities in your department and
share your problems with us, through
Europath News. Last but not least,
remember that we must increase
the number of ESP members, a vital

Virchows Arch (2004) 444:487–501
DOI 10.1007/s00428-004-1012-6

matter for the continuity of our So-
ciety. You can easily influence the
young staff in your department and
ask them to use the application form
for membership or the new web-
site included in each issue of the
Europath News.

With warmest thanks and regards,

European Society
of

Pathology

Newsletter of the European Society of Pathology

Prof. Niki J. Agnantis Dr. Bjørn Risberg
Chief Editor Assistant Editor

Farewell Address 
from Niki J. Agnantis

I would like to express, from the bot-
tom of my heart, my sincere thanks
to all of you for your support and 
for offering me the privilege to be
your President Elect for the period
2005–2007. I promise to make every
effort to meet your expectations for

the benefit of our ESP. This is my
last contribution to Europath News,
which I have been working on since
1997. I am very pleased to announce
my successor, Dr. Grete Krag Jacob-
sen, who will take on this diffi-
cult task, together with Dr. Bjorn
Risberg. Because of this transition
period the next issue will appear in
October 2004.
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Presidential Address II

Dear ESP Members:

I am happy to be able to report that
our Society is overcoming quite sat-
isfactorily the recent electoral prob-
lems we had. These problems and
the procedures proposed to solve
them were commented upon in my
first address, written in November
2003 and published in Virchows
Archiv in the February edition.

We welcome our new President-
elect, Prof. Niki J. Agnantis from
Ioannina, Greece, who was over-
whelmingly elected in the recent
election by over 70% of the votes
cast. The Executive Committee and
the Extraordinary General Assembly
of 7 February 2004 unanimously ac-
cepted the results and accordingly
confirmed her election. In the prepa-
ration and evaluation of the ballot
Michael Wells, Antonio Llombart-
Bosch, Fatima Carneiro, Roderick
Simpson, and Teresa Ribalta were of
great help.

Roderick H.W. Simpson from Ex-
eter, United Kingdom, is the newly
appointed Secretary. His candidacy
was also unanimously approved by

the Executive Committee and by the
General Assembly. He will continue
in office until the next Congress in
Paris 2005, replacing Jahn M. Nes-
land whose resignation we regret.

The adaptation of our Statutes to
Belgian law was also approved by
the Paris Extraordinary General As-
sembly. This was an important step
forward to make sure that our 
Society conforms to current legal 
requirements, a task made possible
by the dedicated work of. Mia
Marichal, Roderick Simpson, and
Urbain van Haelst. As a result of
this approval, a new adaptation of
the by-laws will be required and will
be presented for approval at the next
General Assembly during the Paris
Congress of September 2005. It will
also include new regulations for the
election of officers and other mem-
bers of the Executive Committee, as
proposed by a constitutional sub-
committee.

Another gratifying piece of infor-
mation is that the elaboration, by
Pierre Bedossa and his team, of the
scientific and social programs of the
Paris Congress 2005 is well ad-
vanced. The Congress promises to be
of the highest standard.

Finally, I shall conclude by ex-
pressing my optimistic view that the
tradition of harmony and the cordial
atmosphere characterizing our Soci-
ety are still present.. Let all of us, the
whole membership, continue work-
ing together in this rewarding way,
discussing and reaching agreement
as colleagues and friends for the
sake of the European Society of Pa-
thology. My thanks to all of you all
for your remarkable efforts in this
endeavor!

Yours sincerely,

Antonio Cardesa
President
Barcelona, February 2004

Address by the President of the European Society of Pathology, Antonio Cardesa

European Society of Pathology (ESP)

Extraordinary General Assembly

A. Date: Saturday, 7 February 2004
Place: Palais des Congrès, Porte Maillot 75016, Paris, France
Time: 15.30 hours

As the total number of members attending was only 21, the meeting was declared non-quorate. 
A second meeting was therefore called for 30 min later.

B. Date: Saturday, 7 February 2004
Place: Palais des Congrès, Porte Maillot 75016, Paris, France
Time: 16.00 hours

1. Welcome

The chairman, the President of the Society, Professor Antonio Cardesa, welcomed 25 members 
of the Society to the extraordinary general assembly.

2. Approval of the Agenda

This was approved unanimously.
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3. Approval of the Minutes of the previous General Assembly in Ljubljana, Slovenia on 10 September 2003

These minutes were accepted as a true and accurate record of the meeting.

Matters Arising. It was announced that as Prof. Jahn Nesland had resigned as Secretary 
and that Dr. Roderick H.W. Simpson had acted as temporary secretary. The members agreed that 
Dr. Simpson should complete the term of Prof. Nesland.

4. Report of the President

The President reported that the Executive Committee had met that morning and discussed the issues 
to be presented to the General Assembly.

5. Statutes and By-Laws

The statutes as they stand are out of date and do not comply with the Belgian Law on non-profit societies. 
Therefore, Profs. Cardesa, Marichal, and van Haelst and Dr. Simpson had looked at these in attempt to 
eliminate some of the ambiguities. Dr. Simpson presented the amended statutes. The proposed changes 
were approved by the meeting and will be published on the ESP website, www.europathology.org.

6. Announcement of the Results of the Election for President Elect 2003–2005

The election was held in Barcelona in December 2003. The question on the ballot was: “The recommendation 
of the Executive Committee (2001–2003) for the post of President-elect was N.J. AGNANTIS (Ioannina, Greece). 
Please indicate your approval of this recommendation by placing an X in the appropriate box.”

Results

The total number of votes cast was as follows:

Approved: 367 (70.31%)
Not Approved: 142 (27.20%)
Abstentions: 2 (0.38%)
Spoiled papers: 11 (2.11%)

Total: 522          (100%)

The meeting therefore decided unanimously that Prof. Niki Agnantis was elected as President-Elect 
of the European Society of Pathology with immediate effect until September 2005, whereupon she will 
succeed to the Presidency.

7. Report of the Chairman of the Organizing Committee of the 20 ESP Congress, Paris 2005

Prof. Pierre Bedossa had earlier presented the outline scientific program to the Advisory and Executive 
Committees. The program is well advanced. The first announcement has already been issued, and the second 
announcement is due for publication in September 2004, together with the registration and abstract submission
forms. The budgetary aspects will be discussed by the Executive Committee at their next meeting at Iguaçu 
Falls, Brazil, in June 2004.

8. Any Other Business

a) Updating the By-Laws Will Be Performed by a Constitutional Sub-Committee.
b) Proposed Rules for Elections

Prof. Wells presented proposals to the Executive Committee and it is expected that they will form part 
the By-Laws.

9. Date and Place of Next General Assembly

The next General Assembly will take place during the 20th European Congress of Pathology in Paris, 
in September 2005.

Signed:
Professor Antonio Cardesa, President of the ESP
Dr. Roderick HW Simpson, Secretary of the ESP
28 February 2004
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Members also include Dr. F. Capron, France, and Prof. Ch. de Wolf-Peeters, Belgium.

Presentation of the Executive Committee of the European Society of Pathology, 2003–2005

President

Prof. Antonio Cardesa, SpainPast President
President elect

Treasurer Secretary General

Prof. G. Bussolati, Italy

Prof. H. van Krieken, Netherlands Prof. R.H.W. Simpson, UK

Prof. N.J. Agnantis, Greece

Members

Prof. F. Carneiro, Portugal Dr. V-p. Lehto, Finland Dr. D. Yilmazbayhan, Turkey

Prof. M. Wells, UK Dr. G. Krag Jacobsen, Denmark Prof. R. Golouh, Slovenia
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Farewell of the Treasurer

Now that I am almost at the 
end of this  address, Christine and I
would like to express our gratitude
to everybody ranking from the presi-
dent to the ordinary member we have
met on countless business meetings
and social occasions. I am sure that
our memory will always serve us
well in this matter.

I extend words of encouragement
to my successor, Prof. J.H.J.M van
Krieken, and wish him a very suc-
cessful term.

Finally, I would like to quote the
wise words put in perspective by an
author unknown to me, but whose
words appeal to me:

Sometimes when you’re feeling important,
Sometimes, when your ego’s in bloom,
Sometimes, when you take it for granted
You’re the best qualified in the room.
Sometimes, when you feel that your going
Would leave an unfillable hole,
Just follow this simple instruction
And see how it humbles your soul.
Take a bucket and fill it with water,
Put your hand in it, up to the wrist,
Pull it out, and the hole that’s remaining,
Is the measure of how you’ll be missed.
You may splash all you please when you enter,
You can stir up the water galore,
But stop, and you’ll find in a minute,
That it looks quite the same as before.
The moral in this quaint example,
Is to do the best you can,
Be proud of yourself, but remember,
There is no indispensable man.

Dear President, Dear Members,

On behalf of both Christine and 
myself, I again extend our special
thanks for making us honorary mem-
bers of the ESP, and we heartily ap-
preciate all the friendship over the
years and your attention today.

Urbain van Haelst
Past-treasurer

General Assembly –
19th ECP Ljubljana –
10 September 2003

Dear President, Dear Colleagues,

Appointed since the eleventh con-
gress in Prague in 1987 and standing
down this year in Ljubljana marks
for me a period of 16 years of trea-
surership for the ESP.
Looking back upon this period, I
hope I have fulfilled the wishes and
met in part the needs of a society
with great and growing prospects. As
such, I should feel delighted and in 
a sense proud of having rendered
service to an international society of
pathology.

However, having just said these
first reflections, I am only telling you
a half truth! From the very beginning
until the last minute I have to be
openly most grateful to my wife,
Christine. She was not my right hand,
but instead my right arm. Although
we did a lot of financial and member-
ship matters together, she taught me
to be concerned, to assign priorities,
to work meticulously, and to work in
time and on time. When worrying, I
could console her with the idea that
worry is like a rocking chair. It gives
you something to do, but it doesn’t
get you anywhere.

On the occasion of my retirement
from the Department of Pathology 
of the Academic Medical Center in 
Nijmegen (March 1998), our friend
Günter Klöppel said in his address
that with a savings book, a computer
and Christine, I built up my empire
and established, systematized, and
urbanized the financial basis of the
ESP, making many things and activi-
ties possible. I can agree with this,
but again this is a half truth. Besides
urbanization, we have also intro-
duced christi(a)nization.

During the past 16 years and with
the skillful leadership of successive-
ly eight presidents and the members

of the respective executive commit-
tees, the conviction became stronger
that we were and are still standing up
for a just and valuable cause for our
profession within and outside Eu-
rope. I experienced each meeting as
friendly, with open discussions in 
favor of efficient decision making
and, fortunately, never devoid of hu-
morous remarks. (A few pictures of
the past-presidents taken on different
occasions were shown just to refresh
our minds.)

Time and the agenda of this Gen-
eral Assembly do not permit me to
elaborate on the ESP activities and its
program in the past. Nevertheless, I
would like to compliment the work-
ers and members who, from the very
beginning, readeach of the four intro-
ductions written by our presidents
and published in the fourth edition of
the Members’ Handbook; this should
impress both friend and foe. At this
moment, I would like to unburden
my heart by expressing a personal re-
gret that the total number of ESP
members has remained far below ex-
pectations. We have not made a spec-
tacular improvement on the member-
ship in the last 15 years! I am fully
aware of the meaning of the proverb
“nothing ventured, nothing gained.”
Having said this, it is not easy to
know when and how to seed produc-
tivity. Until now, I have not been able
to find a good reason or argument
why a European pathologist, besides
his or her membership of a national
society, should not also belong to a
European coordinating association of
pathologists with great advantages.
By the same token, this gesture pro-
motes mutual communication with
national societies. The latter was a
wish expressed by the president of
this congress, Prof. Ferluga, in his re-
port to the general assembly in 1983.
I will continue to be at your service
to find and implement new and ap-
propriate ways of bringing in more
members in the future.
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Montebello Conferences

Scientific Conferences with Clinical and Basic Research Aspects
in the Montebello Centre, close to Lillehammer. The conferences give you an excellent 

opportunity to combine science and pleasure. The limited number of participants 
stimulates interaction between speakers and audience.

Malignant serosal tumors – diagnostic and experimental aspects

19–22 June 2004

with world-famous Lecturers: Elise Kohn, NIH – Israel Vlodavsky, Jerusalem – Carlos Bedrossian, 
Chicago – Fernando Schmitt,Porto – Reuven Reich, Jerusalem – Ben Davidson Oslo – Ole Didrik Lærum, Bergen

We are planning a “Norway in a nutshell” tour 17–19 June – if enough participants are interested.

www.montebelloconf.org
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Ioannina University Courses in Pathology (IUCP) 

Part one: Vagina, Vulva & Cervix
Pathology-Oncology
25–26 May, 2004

Faculty: M. Arbyn (B)
I. Arvaniti (Gr)
E, Bairaktari (Gr)
E. Karaiossifidi (Gr)
V. Malamou-Mitsi (Gr)
L. Pappa (Gr)
E. Paraskevaidis (Gr)
G. Pentheroudakis (Gr)
B. Risberg (N)
J. Varakis (Gr)
M. Wells (UK)

Part two: Endometrium, 
Ovaries & Accessories
Pathology -Oncology
27-28 May, 2004

Faculty: E. Bairaktari (Gr)
Em. Diacomanolis (Gr)
S. Kalantaridou (Gr)         
M. Kalpaktsidou-Vakiani (Gr)
E. Karaiossifidi (Gr)
G. Makrydimas (Gr)
V. Papacostas (Gr)

M. Paschopoulos (Gr)
K. Pavlaki (Gr)
E. Sivridis (Gr)
Ch. Tolis (Gr)
J. Varakis (Gr)
M. Wells (UK)

Director-Coordinator:  
Prof. Niki J Agnantis

Registration fees for each part:
EUROS 400 (200 for residents)
Accommodation (double room, shared) 
and full board are included
Account number in EUROS: 
400-002101-298097
ALPHA Bank, Ioannina, Greece

Correspondence:
Prof. Niki J. Agnantis, M.D.,
Institute of Pathology, 
University of Ioannina,
Medical School, University Campus
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AIM
Post-graduate residential 
course for young 
European pathologists 
based on workshops, 
slide seminars and few 
lectures to update and 
standardise participants�
diagnostic ability.

FEE
Registration is 300 Euro.
Full board accomodation 
(to be paid upon 
departure) is 75 Euro/
day/person.
A limited number of 
EScoP scholarship (for 
ESP Members) is also 
available upon request.

DATES
Uterus Pathology Sept. 
23-25, 2004
Bladder & Prostate 
Pathology Sept. 27-29, 
2004

PLACE & 
ORGANIZATION
Institute for ScientiÞc 
Interchange (ISI)
Villa Gualino, Viale 
S. Severo 65, 10133 
Torino, Italy
Phone OfÞce: 
+39 0116603090
Phone Residence: +39 
0116603555
E-mail: isi@isi36a.isi.it

PAST COURSES

1991 Liver & GI path (non neopl) 
- Ovarian pathology & Breast 
pathology

1992 Pulmonary pathology & 
Endocrine pathology
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On Sunday, 15 February, the ESP
Working Group for Pathology of the
Digestive Tract held a meeting. This
meeting was organized as a satellite
symposium of the 2nd Multidisci-
plinary Colorectal Cancer Congress
in Noordwijk, The Netherlands. The
meeting was well attended (65 partic-
ipants) and included presentations on
a variety of new developments, main-
ly focused on array technology and
the application in the pathology of
colorectal cancer and gastric cancer.

The first presentation was by
N. Maughan, from the group of 
P. Quirke. She presented a study on
77 Dukes-B patients, 52 of whom
were long-term disease-free sur-
vivors. The methodology and its pit-
falls were extensively described.
One of the remarkable findings was
that the expression profiles from
Leeds patients were different than
those from Sheffield, indicating the
importance of standardized workup,
even at the level of tissue sampling.

L. Goethals from Leuven, Bel-
gium, presented a study using tissue
microarray and pointed to potential
pitfalls in its use. She studied pre-
treatment biopsies and post-treatment
resection specimens of colorectal
cancer patients and showed that in-
creased expression of CaIX after pre-
operative chemoradiotherapy was re-
lated to better disease-free survival.

After the genome wide-array tech-
nology and the large numbers of cas-
es in TMA, the focus was shifted to a
very specific protein, EpCAM. M.
Gosens, Nijmegen, The Netherlands,
showed that this protein is less ex-
pressed at the invasive front of colo-
rectal cancer, that its loss is associat-
ed with local and distance recurrence,
and she gave data to support the hy-
pothesis that the loss of expression is
due to cleavage of the protein.

The next topic was matrix-CGH
(or array-CGH). B. Radlwinner from
P. Lichter’s group in Heidelberg gave
an in-depth overview of the technolo-
gy, focusing on the applicability for
gene finding, tumor classification,
and prognostification. An interesting
finding was a single clone loss in nor-
mal tissue of one patient. A point of

attention was the importance of DNA
quality obtained from paraffin tissue.

The value of large patient series
and standardized quality-control-
led pathology was illustrated by 
I. Nagtegaal, Nijmegen, The Nether-
lands. She proposed a new staging
system for rectal cancer, including
only two factors: lymph-node status
and circumferential margin involve-
ment. She  showed that this relative-
ly simple and objective method pro-
vides more superior information on
prognosis than the TNM system.

Assessment of the lymph-nodes
status can be improved and auto-
mated according to a study by M.
Mesker, Leiden, The Netherlands.
She had used a automated system
with a slide feeder that enables 
detection of immunostained cells.
These cells are depicted on a com-
puter screen for visual control. Be-
tween 5 and 10% more positive
nodes were detected by this method.

C. Peeters, Nijmegen, The Nether-
lands, presented her work on vascu-
larization in liver metastasis in colo-
rectal cancer patients. She was able to
demonstrate that removal of the pri-
mary tumor influenced vasculariza-
tion in the metastasis. These findings
were supported by PET scanning.

In the afternoon, the meeting was
started by a presentation by T.
Bradletz, Erlangen, Germany. His
hypothesis was that instead of the lin-
ear model for cancer development
there are transient intermediate steps.
This was confirmed by his data on
beta-catenin staining. At the invasive
front there is increased nuclear accu-
mulation of the protein (accompanied
by low numbers of Ki67-positivity),
but in metastasis there is again nor-
mal expression. The involved molec-
ular pathways were described and
had partially been analyzed. An im-
portant factor might be the laminin 5
gamma 2 protein fragment (one of
the many beta-catenin target genes)
that plays a role in migration of cells
in the extracellular matrix.

A. Ensari from Ankara, Turkey,
presented her laborious study into the
relevance of beta-catenin, P- and E-
cadherin expression in colorectal ade-

nomas using tissue microarrays. She
demonstrated that increased dysplasia
in the adenomas was associated with
beta-catenin expression, but that P-
and E-cadherin expression was not.

An important methodological
study for the use of expression ar-
rays was presented by S. van der
Pas, Leiden, The Netherlands. She
demonstrated that two rounds of am-
plification after laser microdissection
affected the expression profiles such
that clustering of the results led to
separation of double-amplified cases
from single amplification. This stres-
ses the importance of many controls
and suggests that macrodissection is
the more sensible approach.

The importance of vascular inva-
sion for prognostification in colorectal
cancer was stressed by A. Sternberg,
Hadera, Israel. He showed that in-
creased sampling, awareness, and
elastin staining are all relevant. Tan-
gentially taken blocks near the outer
border of the tumor especially en-
hance the identification of this feature.

The pathology of colorectal can-
cer was the topic of G. Meijer, Ams-
terdam, The Netherlands, who gave
a large amount of data on both CGH
and the expression array of gastric
cancers. He showed both the feasi-
bility and the other crucial factors
needed to obtain high-quality data.

The final presentation was from
X. Sun, Linkoeping, Sweden. She
showed that the PINCH protein is an
independent prognostic factor in co-
lorectal cancer patients.

The meeting was a success not
only because of the quality of the
data presented, but also thanks to the
many questions raised by the partici-
pants and the ensuing discussion.

A next meeting of the digestive
tract working group is foreseen for
11–12 September in Ankara, Turkey,
hosted by A.. Ensari. Further infor-
mation will be forwarded mainly 
by e-mail. Those who are not yet 
on the mailing list, please send your
e-mail address to 
J.vankrieken@pathol.umcn.nl

Han van Krieken
Nijmegen, the Netherlands

Array Technology in the Digestive Tract
A Meeting of the ESP Working Group for Pathology of the Digestive Tract
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Important message to all ESP members who want to send
material for publication in the Europath News, which will ap-
pear four times a year (February, May, August, November)
incorporated in Virchows Archiv: the material should be sent
to one of the editors 2 months ahead of time by e-mail:

grfa@gentoftehosp.kbhant.dk brisberg@labmed.uio.no

Slide seminar in the Internet

Diagnostic histopathology cases presented at the European
School of Pathology courses in Turin are going to be shown
via Internet.

You are kindly invited to visit the site at 
http://www.isi.it/pathology/index.htm.
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A message from the Editors to the Chairpersons of the
formulated ESP Working Groups

Dear Colleagues,
If you are interested in presenting your activities to the
EUROPATH NEWS, please send your material by e-mail 
2 months ahead of publication.

PLEASE NOTE:
Due to the restricted number of pages in each issue, 
texts will appear on a “first come, first served” basis.



499

The European Society of Pathology

Dear Colleague,

It will surely not have escaped your attention that Virchows Archiv is now the Official Journal 
of the European Society of Pathology.

But did you realise what benefits membership in the society offer you?
● A subscription to the journal Virchows Archiv at no extra charge – this is automatically sent to every member

every month.
● Access to the journal online (take a look at http://link.springer.de). If you are already a member of ESP but

have not yet registered for your free electronic access, you will find the necessary 
form to complete online here too.

● A discount of 20% on most titles published by Springer. To take advantage of this, simply send your order
directly to the publisher, with details of your membership.

● Attendance at the Society’s conferences at a reduced fee.

If you have not yet joined the European Society of Pathology, why not do so now?
Simply complete and return the form enclosed. If you are already a member, please wait for our renewal letter
for 2004.

We look forward to welcoming you as a member in 2004

Yours sincerely

A. Cardesa H. van Krieken H. Höfler

President Treasurer Managing Editor
European Society of Pathology European Society of Pathology Virchows Archiv
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Abstract Multiple factors contribute to the development
of prostate carcinoma (PCa) and to its progression to an
androgen-independent state. In addition to the expected
role of androgens and their receptors in facilitating the
development of PCa, mutations in a growing number of
candidate hereditary prostate cancer loci and genes, such
as RNASEL and MSR1, have been detected, suggesting
that defects in critical pathways involving DNA damage
response, apoptosis and innate immunity may have a
particularly important role in the initiation of PCa. Many
somatic mutations, gene deletions, gene amplifications,
chromosomal rearrangements, and changes in DNA
methylation are detectable in PCa cells at the time of
diagnosis. The identification of key molecular alteration
cells implicates carcinogen defenses, including GSTP1,
growth factor signaling pathways (such as PTEN and p27)
and androgens as critical determinants of the phenotype of
PCa.

Keywords Prostate carcinoma · Somatic gene defects ·
Susceptibility genes · Androgen receptors

Introduction

In developed countries, prostate carcinoma is the most
commonly diagnosed non-skin malignancy in males [28].
It is estimated that one in six males will be diagnosed with
PCa during their lifetime—the risk of death due to
metastatic PCa being 1 in 30 [32]. Multiple factors con-

tribute to the development of PCa as well as to its pro-
gression to an androgen-independent state [32]: dietary
factors, inherited susceptibility factors, gene defects and
androgens and their receptors [7, 14, 49].

In this contribution, several recent findings related to
inherited and somatic gene defects as well as to androgen
receptor changes in PCa are reviewed.

Inherited susceptibility

Currently, the evidence for a strong genetic basis in PCa
is compelling: about 9% of all cases of PCa are thought to
have a genetic basis, which is about twice the percentage
of familial tumors seen in breast cancer. Strengthening the
genetic evidence is a high frequency for PCa in mono-
zygotic as compared with dizygotic twins in a large study
of twins from Sweden, Denmark and Finland [24] and the
higher risk of developing PCa for a man having other
family members affected [45].

The identification of highly penetrant PCa genes, i.e.,
genes that markedly increase the risk of cancer, has been
particularly difficult for two main reasons. First, due to
the advanced age of onset (median 60 years), the avail-
ability of more than two generations to perform molecular
studies on is limited. Second, given the high frequency of
PCa, it is likely that cases considered to be hereditary
during segregation studies actually represent phenocopies,
i.e., sporadic cases in families with high rates of PCa. In
addition, hereditary prostate cancer (HPC) does not occur
in any of the known cancer syndromes and does not have
any clinical (other than a somewhat early age of onset at
times) or pathological characteristics to allow researchers
to distinguish it from sporadic PCa [29].

Hereditary PCa is characterized by Mendelian auto-
somal dominant or X-linked mode of inheritance and an
early onset of the disease. Based on the family clustering
of PCa, a number of groups have worked to identify the
genes involved. Generally, they have used linkage anal-
ysis of large families affected by PCa. Work over the past

R. Montironi ()) · M. Scarpelli
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Polytechnic University of the Marche Region (Ancona),
School of Medicine,
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decade using genome-wide scans in PCa families has
identified high-risk loci [32].

Susceptibility loci

There are at least seven susceptibility loci for PCa iden-
tified on different chromosomes [49]. Chromosome 1 is of
particular interest, with three proposed loci. The chro-
mosomal region 1q24–25, designated the locus of the
hereditary prostate cancer (HPC1) gene, has been the
most thoroughly investigated. Some analyses have con-
firmed a link between HPC1 and PCa, but others have
failed to detect an association. The other two proposed
susceptibility loci are 1q42.2-q43 (i.e., predisposing for
PCa or PCaP) and 1p36 (i.e., cancer, prostate and brain or
CAPB). Additional loci have been identified on chro-
mosome 16 (16q23.2), chromosome 17 (17p11, or HPC2,
i.e., hereditary prostate cancer 2, also called ELAC2),
chromosome 20 (20q13 or HPC20) and chromosome X
(Xq27–28 or HPCX). The candidate HPC genes in these
regions have rarely been identified, although potential
predisposing genes for HCP1 and HCP2 regions have now
been cloned [32].

Candidate HPC genes

Mutations in a growing number of candidate HPC loci
and genes have been detected, suggesting that defects in
critical pathways involving DNA damage response, ap-
optosis and innate immunity may have a particularly
important role in the initiation of PCa. The types of al-
terations associated with such genes are basically repre-
sented by base substitutions, deletions and insertions [32].
The following highly penetrant genes probably account
for 10% or less of hereditary PCa cases [7]: RNASEL (a
candidate tumor suppressor gene within the HPC1 locus
located on 1q24–25) [8, 35], MSR1 (located on 8p22,
encodes subunits of class A macrophage-scavenger re-
ceptor 1) [55], CYP17 (located on 10q24.3, encodes cy-
tochrome P450c17a, an enzyme that catalyzes key reac-
tions in sex-steroid biosynthesis) [51], HPC2/ELAC2
(located on 17p11 and is considered a tumor suppressor
gene) [41], BRCA2 (located on chromosome 13q) [41]
and CHEK2 (encodes an upstream regulator of p53 in the
DNA damage signaling pathway) [40]. A number of
germline variants and mutations of these genes have been
associated with increased risk of PCa.

An increased risk of PCa has been associated with
sexually transmitted infections, regardless of the patho-
gen, suggesting that inflammation, rather than infection,
initiates prostatic carcinogenesis. Inflammatory cells
elaborate numerous microbiological oxidants that might
cause cellular or genomic damage in the prostate [7]. Two
of the candidate PCa susceptibility genes identified thus
far, RNASEL and MRS1, encode proteins with critical
functions in host response to infections. Mutations in
these genes might reduce the ability to eradicate infec-

tious agents, thus resulting in chronic inflammation.
RNASEL is believed to regulate cellular proliferation and
apoptosis through the interferon-inducible 20,50-oligoad-
enylate-dependent RNA decay pathway. At least two
mutations inactivating RNASEL have been identified that
are potentially responsible for PCa cases in families
showing linkage to HPC1 [8, 35]. Germline MSR1 mu-
tations have been linked to PCa in some families with
early-onset hereditary PCa [55].

BRCA2, located on chromosome 13q, is a gene that
has been implicated as a prostate cancer susceptibility
locus, primarily due to its analysis in breast cancer fam-
ilies. Studies of families with breast cancer suggest that
male carriers of BRCA2 mutations are at increased risk
for PCa, particularly at an early age. Inactivating muta-
tions in BRCA2 have been reported in approximately 2%
of men with early onset PCa, confirming the relevance of
this gene to PCa susceptibility [41].

Genetic polymorphisms

Perhaps even more important in terms of inherited sus-
ceptibility for PCa are common polymorphisms in a
number of low-penetrance alleles of other genes—the so-
called genetic modifier alleles. The major pathways cur-
rently under examination include those involved in an-
drogen action, DNA repair, carcinogen metabolism and
inflammation pathways [3, 32]. It is widely assumed that
the specific combinations of these variants, in the proper
environmental setting, can profoundly affect the risk of
developing PCa.

The androgen receptor (AR) gene, a member of the
steroid and thyroid hormone receptor gene superfamily, is
a transcription factor that mediates the action of androgen
in prostate cells. It is located on Xq11–12. The amino-
terminal domain encoded by exon 1 contains a variable
number of trinucleotide repeats [53]. Decreased transac-
tivation activity and binding affinity for androgen is as-
sociated with an increased number of trinucleotide re-
peats. Shorter CAG repeat lengths have been associated
with a greater risk of developing PCa [12, 13, 39, 46].

Additional examples of genetic polymorphisms are
related to SRD5A2—a gene located on 2p23 that encodes
a polypeptide that catalyzes the conversion of testoster-
one to dihydrotestosterone—and to vitamin D receptor
(VDR). Polymorphisms in the former have been reported
to confer an increased risk of PCa, particularly in African
Americans and Hispanics [31]. The contribution of the
VDR gene polymorphisms to PCa susceptibility remains
controversial [33].

Somatic gene alterations and DNA methylation

Many somatic mutations, gene deletions, gene amplifi-
cations, chromosomal rearrangements and changes in
DNA methylation are detectable in PCa cells at the time
of diagnosis. These alterations probably accumulate over
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a period of several decades, and the number of changes
increases with the stage of the disease. Telomerase ac-
tivity is frequently upregulated in PCa. This may con-
tribute to genetic instability and promote neoplastic
transformation [1, 2, 43]. Although multiple alterations
that appear to contribute to disease progression have been
suggested, no single key change has been detected [21,
27].

Gene alterations

Table 1 summarizes the most common somatic gene al-
terations in PCa. The role of PTEN (phosphatase and
tensin homologue), CDKN1B (cyclin-dependent kinase
inhibitor) and AMACR (alpha-methylacyl-CoA race-
mase) [20] has been investigated in several recent publi-
cations.

PTEN is a tumor-suppressor gene encoding a phos-
phatase active against both protein and lipid substrates.
PTEN induces G1 cell-cycle arrest via negative regulation
of the phosphatidylinositol 30-kinase/protein kinase B
(PI3/Akt) signaling pathway, which is essential for cell-
cycle progression and cell survival. By inhibiting PI3 K/
Akt, PTEN can increase the levels of CDKN1B messen-
ger RNA and p27 protein (see below). PTEN is frequently
mutated or deleted in PCa cell lines and tumors. PTEN
alterations are more common in metastatic deposits than
in primary carcinomas. Using immunohistochemistry,
PTEN is present in normal epithelial cells and prostatic
intraepithelial neoplasia (PIN). The level of PTEN is
frequently reduced in PCa of high grade or stage. Somatic
allelic losses (i.e., haploinsufficiency) in both PTEN and
NKX3.1 appear to be common in prostate carcinoma and
may promote an abnormal proliferation of prostate cells
[23, 44, 56].

CDKN1B encodes p27kip1, a cyclin-dependent kinase
inhibitor. The p27kip1 protein regulates cell-cycle pro-
gression from G1 phase to S phase by its inhibitory in-
teraction with the cyclin E/cdk2 complex. In PCa, p27kip1

expression progressively decreases with increasing tumor
grade and stage. Low levels of p27kip1 may be as much a

result of CDKN1B alterations as of the PTEN loss, whose
function is mediated by the PI3K-Akt signaling pathway
[6, 16, 52]. A recent paper by Dreher et al. dealt with a
combined analysis of PTEN and p27kip1 expression in
PCa and greatly contributed to the knowledge that acti-
vated Akt blocks p27kip1 entry into the nucleus by phos-
phorylating a residue within the nuclear localization sig-
nal of p27kip1 [9].

AMACR encodes an enzyme that plays an important
role in the b-oxidation of branched-chain fatty acids and
serves as a “caretaker” gene. It has been found consis-
tently upregulated in PCa and in high-grade PIN, a direct
precursor of PCa [10, 19, 26, 29, 38].

DNA methylation

Epigenetic events that can affect gene expression without
altering the actual sequence of DNA include phenomena
such as DNA methylation, chromatin remodeling, histone
modification and RNA interference [32]. Many gene
promoters are associated with GC-rich regions of the
DNA known as CpG islands. Abnormal methylation of
CpG islands located within gene promoters is associated
with decreased transcriptional activity, and it occurs in
many types of cancers. Abnormal methylation of genes,
such as those involved with control of cellular growth or
detoxification, is believed to have a critical role in early
stages of PCa progression [7]. A certain number of genes,
such as GSTP1 (pi-class of glutathione S-transferase) and
E-cadherin, are commonly methylated in human PCa.

GSTP1, located on 11q13, probably serves as a care-
taker gene. It defends prostate cells against genomic
damage mediated by carcinogens or various oxidants.
GSTP1 demonstrates hypermethylation in more than in
90% of prostate carcinomas, thus, preventing expression
of this protective gene [22, 25, 29, 57].

E-cadherin, located on 16q22.1, encodes a Ca2+-de-
pendent cell-adhesion molecule that is important in nor-
mal cell growth and development and is considered a
suppressor of neoplastic invasion. E-cadherin is methyl-
ated in approximately 50% of cases [14]. Decreased ex-

Table 1 Somatic gene alter-
ations in prostate carcinoma

Gene Location Alterations References

AMACR 5p13.2 Increased expression [10, 19, 20, 26,
29, 38](Alpha-methylacyl-CoA racemase)

EZH2 7q35 Increased expression [48]
(Enhancer of zeste homolog 2)
NKX3.1 8p21 Decreased expression [4, 17, 18, 50]
(NK3 transcription factor homolog A)
KLF-6 10p15 Decreased expression [30]
(Kruppel-like factor 6)
PTEN 10q23.3 Decreased expression [21, 23, 44, 56]
(Phosphatase and tensin homolog)
KAI1 11p11.2 Decreased expression [11]
CDKN1B 12p12 Decreased expression [6, 9, 16, 52]
(Cyclin-dependent kinase inhibitor)
RB 13q Decreased expression [54]
(Retinoblastoma susceptibility gene)
Hepsin 19q11–13.2 Increased expression [5]
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pression of E-cadherin has been detected in several pri-
mary and metastatic prostate carcinomas [36, 47].

Androgen receptors

Many somatic alterations of AR have been detected in
those PCa cases that progress despite hormonal treatment
[53]. At the same time, prostate tumor cells appear to
have several possible mechanisms by which they could
become androgen refractory [15, 34].

Mutations in the AR hormone-binding domain or
amplification of the AR gene could increase tumor cell
sensitivity to androgens. In fact, the increased levels of
AR DNA are associated with an increase in AR mes-
senger RNA. Increased levels of AR protein associated
with AR gene amplification have been implicated in the
ability of cells to more effectively use the low levels of
androgens that are produced by the adrenal glands and
that are still available during androgen deprivation ther-
apy [48].

Mutations of the AR could allow it to respond to other
steroids or even anti-androgens. In particular, mutations
in the ligand-binding domain of AR could not only in-
crease sensitivity to normal ligands, such as adrenal an-
drogens, which are present at low levels, but also may
cause the AR to be responsive to other molecules, such as
anti-androgens, which are not normal ligands [12].

Alterations of the interactions between the AR and
some of its co-activators could allow unmutated and
mutated ARs to become activated by adrenal androgens,
other steroids or anti-androgens. There are several pos-
sible ways by which co-activators may be involved in the
progression of androgen-sensitive PCa to androgen-re-
fractory PCa. First, overexpression of certain co-activa-
tors may cause activation of AR by non-androgenic
steroids. Second, overexpression of other co-activators
may cause activation of the AR by anti-androgens. Third,
AR mutations may result in conformational changes of
the AR that, in combination with certain co-activators,
can result in activation of the AR. These three mecha-
nisms, alone or in combination, may provide a means for
PCa cells to overcome their initial dependence on an-
drogens [53].

Alterations in the expression or function of genes in
regulatory pathways involving peptide growth factors or
cytokines could cause inappropriate activation of the AR.
For instance, growth factors serve as ligands for receptor
tyrosine kinases and activate downstream intracellular
kinase cascades. Receptor tyrosine kinases may also be
involved in the progression to androgen-refractory PCa
through an interaction with the AR. The receptor tyrosine
kinase Her2/Neu (also known as erbB2) is expressed at
low levels in normal epithelial cells. Several studies have
demonstrated Her2/Neu protein overexpression and/or
gene amplification in a subset of PCa patients. Overex-
pression of Her2/Neu not only stimulates proliferation of
LNCaP cells, but also enhances AR-transactivating ac-
tivity both in the absence of androgens and in the pres-

ence of androgens, in which case activation is synergis-
tic. Moreover, Her2/Neu induces prostate-specific antigen
expression, and this induction can be partially inhibited
by blocking the multiple antigen peptide (MAP) kinase
pathway. Thus, MAP kinase may mediate the activation
of the AR by Her2/Neu [42].

The AR could be bypassed entirely, possibly as a result
of constitutive activation of regulatory molecules down-
stream of the AR. For instance, PTEN inactivation, p53
mutations, bcl-2 pathway alterations, neuroendocrine
factors and alternative growth-factor regulation and uti-
lization could bypass the need for activation of the AR
[37].

Conclusions

Recent molecular studies have confirmed altered expres-
sion of some known genes and, more importantly, iden-
tified novel genes involved in PCa development and
progression [7, 14, 24, 32, 49]. Mutations in a growing
number of candidate HPC loci and genes have been
detected, suggesting that defects in critical pathways
involving DNA damage response, apoptosis and innate
immunity may have a particular important role in the
initiation of PCa. The possibility that infections might
lead to PCa has been raised with the identification of
RNASEL and MSR1 as familial PCa genes, an insight
that will profoundly affect future studies and may ulti-
mately lead to new approaches to the prevention of PCa.
Many somatic mutations, gene deletions, gene amplifi-
cations, chromosomal rearrangements and changes in
DNA methylation are detectable in PCa cells at the time
of diagnosis [29]. The AR gene has been implicated in
both risk of PCa development and progression. Many
somatic alterations of AR have been detected in those
carcinomas that progress despite hormonal treatment [53].
Knowledge of genetic alterations in PCa is rapidly ex-
panding as new powerful techniques are applied. The
goals are to find links between genetic and environmental
factors and to define specific targets for detection, diag-
nosis and treatment of PCa.
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Abstract The extreme variability of prostate cancer im-
plies latent disease with missing clinical symptoms in
some cases. Tumor suppressors PTEN (phosphatase and
tensin homolog deleted on chromosome ten) and p27kip1

are frequently mutated in various human cancers. PTEN
negatively influences cell growth and induces apoptosis,
while p27kip1 binds to cyclin-E-Cdk2 and counteracts mi-
tosis. This study investigated the expression of PTEN and
p27kip1 in prostatectomies and needle biopsies in order to
determine whether protein localization or expression lev-
els are correlated with tumor grade and whether PTEN
and p27kip1 expression in biopsies are valuable predictive
tumor markers. Analysis of PTEN demonstrated that weak
expression levels were significantly more prevalent in
high-grade tumors. Analysis of p27kip1 revealed that high-
grade tumors had a higher percentage of cytoplasmic lo-
calization of the protein than low-grade tumors, where

nuclear localization was more frequent. Furthermore, this
study indicated a positive association between PTEN and
p27kip1 levels. An increase of high-grade tumors corre-
sponded to a progressive loss of both tumor suppressors in
needle biopsies and prostatectomies. p27kip1 and PTEN
did not show a higher predictive accuracy of the tumor
grade in the surgical specimen than the Gleason score.
However, p27kip1 had the same predictive value as the
Gleason score in needle biopsies.

Keywords PTEN/MMAC1 · p27kip1 ·
Immunohistochemistry · Prostatic carcinoma · Needle
biopsy

Introduction

The search for prognostic markers to estimate a tumor’s
aggressiveness is essential for the selection of an optimal
therapeutic treatment for individual cancer patients. As
some tumor types show similar histological characteris-
tics, it is important to reveal aspects that give the pa-
thologist hints about the protein status or even genetic
information that underlies the tumor’s clinical behavior.
Prostate cancer is number one of the estimated new
cancer cases (30%) and the second most frequent cause of
cancer-related death (11%) among men [9]. Mutation or
downregulation of tumor suppressor genes are frequent
incidents in cancer development. To find a reliable indi-
cator of tumor aggressiveness and progressive disease, we
studied the expression of the tumor suppressors PTEN
(phosphatase and tensin homolog deleted on chromosome
ten, also known as MMAC1 or TEP1) and p27kip1.

PTEN and p27kip1 are part of a variety of genes that
control the cell cycle. PTEN is located on chromosome
10q23 [12]. Mutations of the PTEN gene have been de-
scribed in several types of tumors in different frequencies.
Somatic mutations have been found in various human
cancer-cell lines and primary tumors of the endometrium,
brain, breast, kidney and prostate [12, 24, 25]. Further-
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more, germline mutations in PTEN are associated with
three human autosomal-dominantly inherited tumor syn-
dromes: Cowden syndrome, Bannayan–Zonana syndrome
and Lhermitte-Duclos disease [3, 17]. PTEN, a 403-amino
acid protein, is a dual-specificity protein phosphatase and
lipid phosphatase, and it has been implicated in regulat-
ing cell survival through the phosphatidylinositol 3-kinase
(PI3K)/Akt pathway. Via this and PI3K/Akt-independent
pathways, PTEN signaling leads to G1 cell-cycle ar-
rest and/or apoptosis. PTEN cleaves a phosphate residue
on position 3 of phosphatidylinositol 3,4,5-triphosphate
(PIP3), the product of PI3K, which is an activator of Akt,
so that mutations of PTEN result, consequently, in con-
stitutive activation of the PI3K/Akt-signaling pathway.
Activation of this pathway induces growth, survival and
proliferation of cells [3, 19]. In a previous investigation,
we did, in fact, show that Akt is increased in prostatic
carcinoma [14].

lt has been shown that PTEN+/� knockout mice de-
velop various types of tumors, including prostatic carci-
nomas [3]. A loss of PTEN protein expression was found
to be a useful marker for early precancerous lesions in
human endometrial carcinomas [16]. Reduced PTEN ex-
pression, therefore, seems to support the identification of
early and possibly aggressive tumors. The first studies of
protein expression in prostate cancer found a reduced
PTEN expression, which was associated with advanced
stage of disease [15]. p27kip1, located on chromosome
12p13, is a member of a family of cyclin-dependent ki-
nase inhibitors that bind to cyclin/cyclin-dependent kinase
(CDK) complexes and arrest mitosis [22]. lt appears to
play a critical role in the pathogenesis of several human
malignancies, and its reduced expression has been shown
to be associated with poor prognosis in cancer patients.
There is a connection between PTEN and p27kip1, as
p27kip1 plays a role in PTEN-mediated growth inhibition.
Activated Akt blocks p27kip1 entry into the nucleus by
phosphorylating a residue within the nuclear localization
signal of p27kip1 [13, 23, 29].

In this study, we determined that PTEN is underex-
pressed, and p27kip1 is mislocalized in human prostatic
tumors. Both protein expressions correlated with tumor
grade, and low PTEN expression correlated with mislo-
calized p27kip1 expression. In addition, we compared ex-
pression patterns in biopsies and corresponding prostate-
ctomies. This study suggests that parallels in protein ex-
pression in bioptical tissue and operation specimens may
be of predictive value for prostate needle biopsies.

Materials and methods

Patients and tissue samples

Radical prostatectomy specimens of 130 consecutive patients who
underwent surgery at the Department of Urology, Universit�ts-
klinikum Mannheim, Germany, were retrieved from the files of the
Department of Pathology. Informed consent was acquired from all
patients prior to all investigations. Patients were excluded from the
study if they had received preoperative androgen-deprivation ther-

apy or radiation therapy. The study population included men be-
tween the ages of 47 years and 79 years (63.1€6.3 years) by the
time of radical prostatectomy.

The 6th edition of the tumor-node-metastasis (TNM) staging
system (2002) was used to classify tumor stage. Tumors were
graded using the Gleason grading system [7]. Tumors with Gleason
scores of six and lower were considered as low grade, Gleason
scores of seven and higher were considered as high grade. This
study included 64 of 130 (49.2%) low-grade tumors and 66 of 130
(50.8%) high-grade tumors. Mean value of the preoperative pros-
tate-specific antigen values in low-grade tumors was 10.5€9.4 ng/
ml and in high-grade tumors was 15.0€14.3 ng/ml. Tumor stages
were classified as organ confined (pT2a-c) in 70 of 130 cases
(53.8%) and advanced (pT3a,b and pT4) in 60 of 130 cases
(46.2%). All tumors included in this study had no regional lymph-
node metastasis. Microscopic residual tumor was classified in 49 of
130 prostatectomies, while all other specimens had no residual
tumor.

Tumor-suspicious areas were resected and snap frozen in liquid
nitrogen and stored at �80�C until use. The remaining material was
fixed in 4% buffered formaldehyde for 24 h and sectioned fol-
lowing standard protocols [26]. The frozen sections of the native
material identified tumor and tumor-free areas and were included in
the diagnostic process.

For a subgroup of 86 of 130 patients, fresh tumor and tumor-
free material was available, and PTEN expression could be inves-
tigated using Western-blot analysis. Immunohistochemistry was
performed in 118 of 130 cases using a monoclonal PTEN antibody
and in 125 of 130 cases using a monoclonal p27kip1 antibody. For a
subset of 116 of 130 patients, immunohistochemical data of both
PTEN and p27kip1 expression was available.

Needle biopsies were available from a subset of 32 patients. The
time interval between the biopsy and open surgical procedures was
52.44€37 days. The proportion of tumor cells within the needle
biopsy ranged from less than 25% to greater than 75%. Of 32
biopsies, 9 contained less than or equal to 25%, 16 of 32 biopsies
contained 26–50%, 5 of 32 biopsies contained 51–75% and 2 of 32
biopsies contained greater than 75% tumor cells. Gleason score was
determined for all biopsies independently by two observers (T.D.,
R.G.). Cases included 18 of 32 (56.3%) low-grade tumors and 14 of
32 (43.7%) high-grade tumors.

Immunohistochemistry

The original hematoxylin and eosin (HE)-stained slides were ex-
amined to identify the tumor and tumor-free tissue areas. Serial
3-mm sections were cut on a SM200R microtome (Leica, Bensheim,
Germany), mounted on silane-coated glass slides and dried over-
night at 37�C. All sections were deparaffinized with xylene and
rehydrated in a series of graded alcohols. Antigen retrieval was
performed by placing the slides in a microwave oven for 3�5 min
with 10 mM sodium citrate buffer (pH 6.0) at 600 W. The slides
were then incubated with 3% bovine serum albumin (BSA) for
10 min. For detection of p27kip1, the slides were incubated with a
monoclonal mouse-anti-human antibody (Dako clone SX53G8,
Hamburg, Germany), diluted at 1:50 in Tris buffered saline (TBS)
(pH 7.6) at 4�C overnight. Visualization of antigenic sites was
performed using EnVision-Kit (Dako, Hamburg, Germany) ac-
cording to the manufacturer’s instructions. Sections were counter-
stained with hematoxylin and mounted in Kaiser’s Glycerol Gela-
tine (Merck, Darmstadt, Germany).

For detection of PTEN, a self-generated monoclonal mouse-
anti-human antibody (PTEN5) was used. PTEN5 was raised es-
sentially according to the method of Kohler and Milstein [10],
following standard protocols, with the use of recombinant His6-
tagged PTEN for immunization. The sections were incubated with
PTEN5 diluted at 1:50 in TBS (pH 7.6) at 4�C overnight. Subse-
quently, a secondary biotinylated goat-anti-mouse antibody (Jack-
son Immuno Research, Pennsylvania, USA) was applied and
incubated at room temperature (RT) for 30 min. Slides were
then incubated with alkaline phosphastase-conjugated streptavidin
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(Jackson Immuno Research, Pennsylvania, USA). Fast Red, con-
taining levamisole (Roche Diagnostics, Mannheim, Germany), was
added as chromogen. Sections were counterstained with hematox-
ylin and mounted in Kaiser’s Glycerol Gelatine (Merck, Darmstadt,
Germany).

Analysis of immunohistochemical stainings

The expression rate of PTEN in tumor tissue was determined using
evaluation of intensity and quantity. Intensity was considered as
weak (1) or strong (2). Quantity was evaluated using the method of
McMenamin et al. [15]. The cases were divided into three groups:
(a) positive (the entire tumor showed staining, score 2); (b) mixed
(both positive and negative cells/glands were present, score 1) and
(c) negative (no staining was seen in the represented tumor, score
0). The final score was calculated by multiplying intensity and
quantity of the expression. Final score was grouped into absent or
weak expression (scores 0 and 1) and moderate to strong expression
(scores 2 and 4).

The expression rate for p27kip1 was scored for localization and
quantity of the protein following Liang et al. [13]. Expression pat-
terns showed either exclusive cytoplasmic (c) or exclusive nuclear
(n) staining or a mixture of both (c+n). Furthermore, quantity was
considered as high (�50%) or low (<50%) levels of positive tumor
cells. The following groups were formed: (1) c<50%, (2) c+n<50%,
(3) n<50%, (4) c�50%, (5) c+n�50%, (6) n�50%. Statistical
analyses were performed for cytoplasmic staining versus additional
or total nuclear staining.

Protein extraction; Western blotting

Western-blot analysis was performed as described previously [28].
Briefly, tumor and tumor-free tissue were snap frozen in liquid
nitrogen. The original HE-stained 6-mm frozen tissue slides were
examined to identify the tumor and tumor-free tissue areas. Serial
20-mm sections were then cut on a CM1900 cryostat (Leica, Bens-
heim, Germany) from each frozen block. The last section of the
series was again stained with HE to ensure the presence or absence
of tumor throughout all sections. Tumor and tumor-free tissue were
manually microdissected, and proteins were subsequently extracted
in lysis buffer [NaCl 150 mM, ethylenediaminetetraacetic acid
1.5 mM, glycerol 3%, BSA 1 mg/ml, IGEPAL CA-630 (Sigma-
Aldrich Chemie, Steinheim, Germany) in aqua destillata] for 1 h on
ice. Protein concentration in lysates were determined photometri-
cally (595 nm) using a Bradford dye-binding assay (Bio-Rad, Mu-
nich, Germany), following the manufacturer’s instructions before
adding proteinase inhibitors leupeptin (Amersham Pharmacia Bio-
tech, Freiburg, Germany) 1 mg/ml, aprotinin (Roth, Karlsruhe,
Germany) 5 mg/ml, pepstatin A (Amersham Pharmacia Biotech,
Freiburg, Germany) 2 mg/ml and pefabloc (Roche Diagnostics,
Mannheim, Germany) 0.5 mM. Proteins were separated on 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to nitrocellulose membranes (Hybond-C; Amersham
Pharmacia Biotech, Freiburg, Germany). Protein transfer was
controlled by staining the membrane with Ponceau-S. After block-
ing, membranes were incubated with primary PTEN5 antibody
diluted at 1:2 in phosphate buffered saline (PBS) at RT for 1 h.
Secondary alkaline phosphatase-conjugated goat anti-mouse anti-
body (Dako, Hamburg, Germany, diluted at 1:1000 in PBS) was
added for 1 h at RT and visualized using 5-bromo-4-chloro-3-in-
dolyl phosphate/nitroblue tetrazolium (BCIP/NBT) (Roche Diag-
nostics, Mannheim, Germany) in AP-buffer (Tris 100 mM, NaCl
100 mM, MgCl2 0.05 M). Loading buffer served as negative control
for PTEN antibody. Recombinant unglycosylated PTEN served as
positive control for PTEN antibody. Expression rate was evaluat-
ed using semiquantitative densitometry (AIDA Image Analyzer,
Straubenhardt, Germany). Rates for tumor tissue density were di-
vided by rates for tumor-free tissue density, comparing only sam-
ples that were taken from the same patient. These ratios were taken
for statistical analysis.

Statistics

Arithmetic means, medians and standard deviations were calculated
as descriptive parameters. Values are given as mean€standard de-
viation. Data were analyzed for normal distribution using Shapiro–
Wilk test. Normal distribution was determined for the variables age
and PTEN expression in Western-blot analysis.

c2-test was used to assess the association between binary vari-
ables. Comparison of two independent samples of ordered variables
was done using the Wilcoxon rank sum test. P values <0.05 were
considered to be statistically significant. The association between
PTEN expression in biopsies and Gleason score of the operation
specimen could not be analyzed because there was no low-grade
biopsy having an absent or weak PTEN expression. The validity of
the combination of the parameters p27kip1 and the Gleason score
(binary variables) in biopsies as a predictive test for the Gleason
score of the surgical specimen was analyzed both for the “believe-
the-positive (BTP)” and “believe-the-negative (BTN)” interpreta-
tion rule. The validity was assessed by means of the predictive
accuracy, i.e., the total proportion of correct predictions, along with
exact 95% confidence intervals. All statistical analyses were per-
formed using the SAS software package.

Results

PTEN immunoblotting

PTEN antibody detected a band of 65 kDa in human
prostate tissue and a band of 47 kDa representing re-
combinant unglycosylated PTEN, which was used as
positive control (Fig. 1). PTEN protein was detectable in
85 of 86 tumor tissue samples and in all tumor-free tissue
samples. The density of the obtained bands was evaluated,
and a ratio of the density of tumor tissue (T) divided by
the density of tumor-free tissue (TF) was calculated using
pairs from the same patient (T/TF). Of 86 tumors, 76
(88.4%) showed a lower PTEN expression compared with
tumor-free tissue (ratio T/TF<1) and 10 of 86 (11.6%)
tumors showed a higher PTEN expression than tumor-free
tissue (ratio T/TF>1). PTEN expression levels were sig-
nificantly higher in tumor-free tissue than tumor tissue
(0.68€0.15 versus 0.32€0.14; P<0.0001). PTEN protein
levels in carcinoma never exceeded the mean or median
PTEN level of the surrounding tumor-free prostatic tissue.

Fig. 1 Representative Western blot of fresh frozen prostate tissue
homogenates. Protein bands of PTEN from tumor-free (TF) and
tumor (T) tissue were detected by the self-generated monoclonal
antibody PTEN5. Each lane contains 10 mg of total protein extract.
The lane with purified recombinant unglycosylated PTEN (C)
contains 10 ng. Note the weak bands of tumor tissue compared with
tumor-free tissue
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The cut-off point (T/TF=0.5), which was close to the
median (0.53), was chosen to define low and high PTEN
expression, respectively. PTEN expression in tumors with
a ratio �0.5 (38/86, 44.2%) was compared with PTEN
expression in tumors with a ratio >0.5 (48/86, 55.8%).
Significantly more high-grade tumors were found in the
group with a ratio �0.5 (24/38, 63.2%) than in the group
with a ratio >0.5 (18/48, 37.5%), while significantly more
low-grade tumors were found in the group with a ratio
>0.5 (30/48, 62.5%) than in the group with a ratio �0.5
(14/38, 36.8%; P=0.0181, Fig. 2). No statistical associa-
tion was found between PTEN expression in Western blot
and pathological tumor stage.

PTEN immunohistochemistry

Paraffin-embedded sections showed a positive cytoplas-
mic staining in secretory cells of tumor-free tissue. No
expression was found in basal cells and stroma cells
(Fig. 3). A weak PTEN expression in tumor tissue was
found in 112 of 118 (94.9%) cases, while a strong ex-
pression, as in tumor-free tissue, was found in 6 of 118
(5.1%) cases. A mixture of stained and unstained tumor
cells was found in 44 of 118 (37.3%) cases, while a
ubiquitous positive staining of tumor cells was found in
74 of 118 (62.7%) cases. Absent or weak PTEN expres-
sion in tumor tissue with a score �1 (39/118, 33.1.%) was
compared with moderate to strong PTEN expression with
a score �2 (79/118, 66.9%). High-grade tumors were sig-
nificantly more prevalent in the group with a score �1
(28/39, 71.8%) than in the group with a score �2 (34/79,
43%), while low-grade tumors were significantly more
prevalent in the group with a score �2 (45/79, 47%) than
in the group with a score �1 (11/39, 28.2%; P=0.0033,
Fig. 4). In contrast to tumor grade, protein expression was

not significantly associated with tumor stage (organ-con-
fined versus advanced).

p27kip1 Immunohistochemistry

A positive nuclear staining could be seen in secretory
cells of tumor-free tissue, while no expression was found
in basal cells and stroma cells (Fig. 5a). Tumor tissue,
however, showed either cytoplasmic expression only (21/
125, 16.8%), nuclear and cytoplasmic expression (95/125,
76%) or nuclear expression (9/125, 7.2%) in tumor cells
(Fig. 5b, c, d). A positive staining (either cytoplasmic or
nuclear) in more than 50% of the tumor cells was found in
71 of 125 (56.8%) cases. A positive staining in less than
50% of the tumor cells was found in 54 of 125 (43.2%)
cases. Nuclear and additional cytoplasmic expression
(104/125, 83.2%) was compared with entirely cytoplas-
mic expression (21/125, 16.8%). High-grade tumors were
significantly more prevalent in cases with an exclusive
cytoplasmic expression of p27kip1 (17/21, 81%), indicat-
ing a non-functional protein, while low-grade tumors
were significantly more prevalent in cases with an addi-
tional or exclusive nuclear expression (57/104, 54.8%;
P=0.0028, Fig. 6). No significant association was found
between the localization of the expression of p27kip1 and
pathological tumor stage (organ-confined versus ad-
vanced).

PTEN and p27kip1 immunohistochemistry

Tumor tissue that expressed moderate to strong levels of
PTEN protein showed significantly more prevalent cases
with nuclear staining for p27kip1 (70/78, 89.7%) than
exclusive cytoplasmic staining (8/78, 10.3%). Tumor tis-
sue with absent or low levels of PTEN showed a higher
percentage of exclusive cytoplasmic staining for p27kip1

than the previous group (12/38, 31.6%) (P=0.0077).
Cases were separated into three groups to look more

closely at the simultaneous PTEN and p27kip1 expression:
(1) tumors with a nuclear p27kip1 expression and a mod-
erate to strong PTEN expression; (2) tumors with either
cytoplasmic p27kip1 expression only and a moderate to
strong PTEN expression or a nuclear p27kip1 expression
and an absent or weak PTEN expression; (3) tumors with
a cytoplasmic p27kip1 expression only and an absent or
weak PTEN expression. Cases in which both tumor sup-
pressors were moderate to strong (PTEN) and not mis-
localized (p27kip1) (group 1) included 43 of 70 (61.4%)
low-grade tumors and 27 of 70 (38.6%) high-grade tu-
mors. Cases in which one of the tumor suppressors was
either downregulated (PTEN) or mislocalized (p27kip1)
(group 2) included 9 of 34 (26.5%) low-grade tumors and
25 of 34 (73.5%) high-grade tumors. Cases in which both
tumor suppressors were downregulated (PTEN) or mis-
localized (p27kip1) (group 3) included 2 of 12 (16.7%)
low-grade tumors and 10 of 12 (83.3%) high-grade tu-

Fig. 2 Association of PTEN expression in Western blot with tumor
grade in prostatic carcinoma (n=86). Tumors with Gleason scores
less than or equal to six were considered as low grade, Gleason
scores greater than or equal to seven as high-grade tumors. High-
grade tumors (black bars) were significantly more prevalent in
cases with low PTEN expression (score�0.5), while low-grade
tumors (hatched bars) were more prevalent in cases with high
PTEN expression (score>0.5). c2-test revealed 5.59, P=0.018
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mors. Because of the rather small size of the third group,
statistical analysis could not be performed (Fig. 7).

PTEN and p27kip1 expression in needle biopsies

Gleason grade in biopsies and surgical specimens was
unchanged in 25 of 32 (78.1%) cases while grading
changed in 7 of 32 (21.9%) cases. An absent or weak
PTEN expression was found in one high-grade biopsy,
while a moderate to strong PTEN expression was found in
18 of 32 biopsies with low-grade tumors and in 13 of 32
biopsies with high-grade tumors. Because the group of
absent or weak PTEN expression included only one case,
no reasonable analysis of the association between PTEN
expression and Gleason score in biopsies was possible. In
20 of 32 (62.5%) cases, the PTEN expression pattern in
the biopsy and operation specimen was the same, while in
12 of 32 (37.5%) cases, expression patterns changed.

Cytoplasmic p27kip1 expression was found in one bi-
opsy with low-grade tumors and 7 of 32 biopsies with
high-grade tumors, while an additional or total nuclear
expression was found in 17 of 32 biopsies with low-grade
and 7 of 32 biopsies with high-grade tumors. High-grade
tumors were significantly more prevalent in cases with
cytoplasmic p27kip1 expression (7/8, 87.5%), while low-
grade tumors were more prevalent in cases with an ad-
ditional or total nuclear expression (17/24, 70.8%; P=
0.0103). In 23 of 32 (71.9%) cases, the p27kip1 expression
in the biopsy was nuclear and or cytoplasmic, as in the
prostatectomy, while in 9 of 32 (28.1%) cases, the lo-
calization changed.

Analysis of the simultaneous expression of both tumor
suppressors in biopsies showed similar results compared
with prostatectomies. Group 1 [both tumor suppressors
were moderate to strong (PTEN) and not mislocalized
(p27kip1)] included 16 of 24 (66.7%) low-grade and 8 of
24 (33.3%) high-grade tumors. Group 2 [one of the tumor

Fig. 3 Immunohistochemical analysis of PTEN. The expression
rate was scored for both intensity and quantity of tumor cells
stained. The score was evaluated by multiplication of intensity and

quantity. Representative pictures show: tumor-free tissue (a), tumor
tissue with no staining (b), mixed staining (c), ubiquitous staining
(d)
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suppressors was either downregulated (PTEN) or mislo-
calized (p27kip1)] included 2 of 7 (28.6%) low-grade and
5 of 7 (71.4%) high-grade tumors, while group 3 [both
tumor suppressors were downregulated (PTEN) or mis-
localized (p27kip1), respectively] included one high-grade
tumor. For statistical analysis, a larger number of biopsies
in group 3 would be needed.

PTEN expression pattern in the biopsies could cor-
rectly predict the tumor grade in the surgical specimen in
19 of 32 cases (absent or weak expression identified high-
grade tumors while moderate to strong expression iden-
tified low-grade tumors). p27kip1 expression pattern in the
biopsies could correctly predict the tumor grade in the
surgical specimen in 24 of 32 cases (cytoplasmatic ex-
pression identified high-grade tumors while additional
or exclusive nuclear expression identified low-grade tu-
mors). The Gleason grading matched in 25 of 32 cases in
biopsies and prostatectomies. While the combination us-
ing the BTP rule yielded almost identical accuracy as the
Gleason score alone (26/32 versus 25/32), the BTN rule
was clearly inferior, with an accuracy of 18 of 32. The
combination of the Gleason score and p27kip1 expression
in biopsies as predictor for the Gleason grade of the
surgical sample was, therefore, as reliable as the Gleason
score alone.

Discussion

Early-stage prostate cancer is curable, and since a reliable
preventive care is not available, an early diagnosis is of
eminent significance. The clinical course of the disease is
of extreme variability and cases of asymptomatic pro-
gressive disease are frequent.

According to this, promising expectations focus on
research concerning the molecular biology of prostate

cancer. To gain insight into the molecular mechanisms of
carcinogenesis and tumor markers to predict a definitive
prognosis and to find cellular functions suitable for
therapeutic interference is the focus of many current in-
vestigations.

It has been shown that PTEN+/�- and p27kip1�/�-
knockout mice develop a variety of tumor types and, in all
cases, prostate cancer. However, mice that were lacking
only one PTEN allele and possessed intact p27kip1 on both
chromosomes showed tumor development in the prostate
in only 50% of all cases. In the remaining tumor-free
prostatic tissue, Di Cristofano et al. observed a two-times
higher proliferation rate in prostate tumors of PTEN+/�-
and p27kip1�/�-knockout mice compared with tumor-free
prostatic tissue in mice that were lacking either one PTEN
allele or both p27kip1 alleles [4]. PTEN and p27kip1 co-
operate in tumor suppression, and loss of both is a key
event in the pathogenesis of epithelial cancers. It needs to
be demonstrated whether the critical relevance of these
two tumor suppressors for prostate cancer pathogenesis in
a mouse model parallels the human disease. PTEN can be
inactivated through a variety of mechanisms, such as
somatic mutations, promoter methylation, decreased trans-
lation and/or transcription, increased protein degradation
or subcellular compartmentalization [2, 27]. Loss of het-
erozygosity has been shown to occur in a range of 19% to
65%, according to different studies [18]. As reduced
PTEN expression in immunohistochemistry appeared to
be a useful marker for early precancerous lesions in en-
dometrial carcinomas, there is good reason to believe that
this could be of similar value in prostate cancer [16]. Our
results showed a high rate of PTEN protein downregula-
tion in prostate tumors. High-grade tumors were signifi-
cantly more prevalent in cases with absent or weak PTEN
expression, and low-grade tumors were more prevalent in
cases with moderate to strong PTEN expression using
immunohistochemistry and Western-blot analysis. The
association between reduced PTEN expression and in-
creased Gleason grade finds support in a previous study
on prostate cancer [15].

p27kip1 expression can be regulated using transcription,
control of mRNA translation or protein degradation [5, 8].
Even though there are number of tumors in which total
p27kip1 protein levels are not significantly downregulated
[1], which has also been reported for prostate cancer [6,
11], some studies still observe associations between
p27kip1 levels and tumor grade [30]. To inhibit cyclinE/
Cdk2 complex, p27kip1 needs to be imported into the
nucleus [20]. As cells progress along the cell cycle,
p27kip1 shuttles between nucleus and cytoplasm. In re-
sponse to mitogenic stimulation, a characteristic of ma-
lignancies, p27kip1 is phosphorylated through Akt and
translocated to the cytoplasm [21]. Cytoplasmic p27kip1,
therefore, is inactive and cannot induce apoptosis. Im-
munohistochemical results of p27kip1 showed a significant
correlation between the localization of the tumor cells
stained and tumor grade. Cases with nuclear staining or
additional cytoplasmic staining showed more low-grade
tumors, while high-grade tumors were found more often

Fig. 4 Association of PTEN expression in immunohistochemistry
with tumor grade in prostatic carcinoma (n=118). Tumors with
Gleason scores less than or equal to six were considered as low-
grade tumors, Gleason scores greater than or equal to seven as high-
grade tumors. High-grade tumors (black bars) were significantly
more prevalent in cases with absent or weak PTEN expression
(score�1), while low-grade tumors (hatched bars) were more
prevalent in cases with moderate to strong PTEN expression
(score�2). c2-test revealed 8.66, P=0.003

514



in cases with exclusive cytoplasmic staining. This holds
true in breast cancer, where cytoplasmic localization was
linked to both differentiation state of tumors and patient
survival [13].

The observation that tumor tissue expressing high
levels of PTEN had also a significantly high expression
rate of nuclear p27kip1 confirmed previous studies, where
PTEN influenced p27kip1 positively through negative
implication of the Akt-pathway [29, 31]. Accordingly,
tumor tissue with low levels of PTEN expressed p27kip1

more often only in the cytoplasm. In other words, missing
PTEN leads to higher Akt levels, which result in disso-
ciation of the p27kip1/cyclinE/Cdk2-complex, phosphor-
ylation of p27kip1 and transport from the nucleus into the
cytoplasm. In a previous investigation, we could, in fact,
show that Akt is increased in prostatic carcinoma [14].
Akt perturbation, therefore, seems to play an important
role in the initiation and progression of prostate cancer.

The observation that reduced PTEN or p27kip1 ex-
pression or a reduced expression of both promotes an
aggressive tumor phenotype, as demonstrated in this study,
follows the concept of tumorigenesis in the prostate by
missing or deleted tumor suppressors.

The results obtained from a relatively small number of
needle biopsies indicate that expression patterns of PTEN
and p27kip1 are very similar in biopsies and correspond-
ing prostatectomies. In 62.5%, PTEN showed the same
expression pattern (absent or weak versus moderate to
strong) in needle biopsies and prostatectomies, while in
71.9%, p27kip1 expression showed the same localization
(cytoplasmic expression versus additional or total nuclear
expression) in needle biopsies and prostatectomies.

Differences between the expression patterns in the
needle biopsy and the surgical specimen may be due to
the fact that biopsies do not always contain representative
tumor tissue, which is also reflected in the cases in which
grading changed between the biopsy and the prostatec-

Fig. 5 Immunohistochemical analysis of p27kip1. The expression
rate was scored for both localization and quantity of tumor cells
stained. Representative pictures show tumor-free tissue (a), tumor

tissue with cytoplasmic (b), cytoplasmic and nuclear (c), nuclear
staining of tumor cells (d)
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tomy. It may occur that the main growth or expression
pattern of the tumor tissue is not present in the needle
biopsy, which is a general problem. It is more likely, that
representative tumor areas are missing in the biopsy rather
than a progress or change of growth pattern. Prediction of
tumor grade is important, since grading has an impact on
the decision of therapeutic approaches. The interpretation
of an expression pattern instead of a growth pattern in
needle biopsies has the advantage that small tumor sam-
ples can also be evaluated.

In this study, p27kip1 and PTEN, or their combination
with the Gleason score in biopsies, did not show a higher
predictive accuracy of the tumor grade in the surgical

specimen than the Gleason score alone. However, the
immunohistochemical profile of p27kip1 has the same
predictive value as the Gleason score alone in needle
biopsies.
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Abstract Prostate cancer is the most common cancer in
men and second in the cancer-related frequency of mor-
tality. Matrix metalloproteinases (MMPs) are involved in
tumor invasion and metastasis in various malignancies.
MMP-2 and MMP-9 are capable of digesting collagen
type IV. Numerous studies have demonstrated an asso-
ciation between increased MMP-2 and -9 expression and
tumor progression in various tumors. In this study, the
expression and activities of MMP-2 and -9 were assessed
in serum probes and tumor tissue from core needle
biopsies and radical prostatectomies of 97 patients. MMP-
2 and -9 serum expression was analyzed in a subgroup of
31 patients. MMP-9 serum expression was significantly
increased in tumor patients and correlated with tumor
grade. In contrast, the MMP-9 tissue expression and ac-
tivity revealed no significant correlations to tumor stage
or grade. The MMP-2 activity, however, showed a posi-
tive correlation for MMP-2 with tumor stage. Increased

activity was predominantly detected in advanced tumor
stages. Immunohistochemical analysis of MMP-2 expres-
sion demonstrated a positive association with tumor grade
in prostatectomy specimens. The relative expression rates
in biopsies matched in 65% with those of the prosta-
tectomies. Detection of MMP-2 in core needle biopsies
seems not to be a helpful marker for diagnostic purposes.

Keywords Matrix metalloproteinases · Prostatic
carcinoma · Gelatin zymography · Western blot · Immu-
nohistochemistry

Introduction

Prostate cancer has evolved as a major health problem in
males in Western countries. The introduction of new di-
agnostic tools, such as the prostate-specific antigen, rapid-
ly increased the number of newly diagnosed cases over
the last two decades. Prostatic carcinoma (PCa) is now the
most frequent malignancy and the second leading cause of
cancer-related death among men [11].

Although a large proportion of PCa appears as clini-
cally indolent localized disease, some PCas develop to
life-threatening tumors with a high metastatic potential.
Currently, the tumor progression is assessed particularly
by clinical and pathological parameters, such as staging
and histopathological grading [7, 28]. The variable ag-
gressive behavior of the tumor makes prediction of indi-
vidual patient outcome very difficult. Identification of
novel prognostic factors is, therefore, an important issue
in prostate cancer research.

Matrix metalloproteinases (MMPs) constitute a large
family of zinc-dependant endopeptidases involved in the
degradation of the extracellular matrix and the basement
membrane [24, 34]. The 24 currently known members of
this protein family have been shown to be involved in
physiological processes, such as tissue remodeling or
wound healing, but also play a crucial role in pathological
conditions, including tumor invasion and metastasis [3,
22]. Two important members of the MMP-family are
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MMP-2 and MMP-9, also known as gelatinases-A and -B,
respectively. They specifically cleave type-IV collagen,
the major structural component of basement membranes.
Increased expression of MMP-2 and MMP-9 has been
associated with malignant progression in various cancer
types, such as breast, lung or colorectal cancers [4, 6, 15,
19, 25, 35]. Studies on MMP-2 and MMP-9 expression
and activity in human PCa have been focused on cell
culture systems or blood specimens of cancer patients [5,
8, 14, 21, 33], although only sparse data is available for
prostatic tissue directly [2, 9, 26, 29, 30]. While the ma-
jority of these studies found a positive correlation be-
tween MMP expression and tumor aggression, others
could not demonstrate such associations [13].

n this study, we examined MMP-2 and MMP-9 ex-
pression and activity in radical prostatectomies, core
needle biopsies and serum probes to gain comprehensive
insight into the role of MMP-2 and -9 as markers in PCa.
Using gelatin zymography, we determined MMP-2 and
-9 activity in radical prostatectomies. The expression of
MMP-2 was evaluated using immunohistochemistry in
surgical specimens and core needle biopsies. MMP-9
expression in tissue specimens was assessed using
Western-blot analyses. In addition, the serum levels of
MMP-2 and -9 were analyzed using enzyme-linked im-
munosorbent assay (ELISA). These molecular parame-
ters were then correlated with established clinical mark-
ers, such as tumor grade and stage.

Materials and methods

Patients and tissue samples

This study included 97 consecutive patients diagnosed with PCa
who had undergone radical prostatectomy at the University Hos-
pital Mannheim. Informed consent was acquired from all patients
prior to the investigations. In all cases, native and paraffin-embed-
ded tumor tissue was available. All patients were untreated before
surgery. Patient age ranged from 43 years to 79 years (mean
63.0€0.7 years). For all patients, surgical specimens were sectioned
according to standard protocols [31]. For pathological evaluation
and immunohistochemistry, the biopsies and tissue blocks were
fixed in 4% buffered formaldehyde for 24 h and were paraffin
embedded. Fresh prostate tissue samples were snap frozen in liquid
nitrogen and stored at �80�C until use.

Histomorphological grading was performed according to the
Gleason system [7] and staging according to the tumor, nodal and
metastasis classification [28]. For statistical evaluations, tumors
with Gleason scores of seven and higher were considered as high
grade and tumors with Gleason scores of six and lower were con-
sidered as low grade. Tumor stages were classified as organ con-
fined (pT2) or advanced (pT3 and pT4). The pathological grades
and stages in this study included 49 high-grade and 48 low-grade,
56 organ-confined and 41 advanced tumors.

Core needle biopsies were available from a subset of 23 pa-
tients. The mean proportion of tumor cells within the biopsies was
25% (range 1% to 75%). For all biopsies, the Gleason score was
determined. The biopsies included 7 high-grade and 16 low-grade
tumors.

Gelatin zymography

Gelatin zymography for MMP-2 and MMP-9 activity was per-
formed on 97 specimens of frozen tumor and tumor-free prostate
tissue. For localization of tumor and tumor-free tissue, sections of
6 �m were stained with hematoxylin/eosin, respectively. Unstained
sections of 20 �m were then used for microscopically controlled
manual microdissection of morphologically characterized tumor or
tumor-free tissue areas. The tissues were homogenized in ice-cold
lysis buffer (50 mM Tris-HCl (pH 7.5), 10 mM CaCl2, 0.05% Brij
35, 0.1% sodium dodecyl sulfate (SDS), 1% Triton X-100, 1 M
urea and 1 mM phenylmethylsulfonyl fluoride), and the cellular
debris was precipitated. The MMP-containing supernatant was
transferred into a fresh tube, and total protein concentrations were
determined by a dye-binding assay (Bio-Rad, Munich, Germany) at
450 nm according to Bradford. Of total protein from tumor and
tumor-free tissue, 10 �g were separated under non-reducing con-
ditions on a 12% SDS gel containing 1 mg/ml gelatin. Next, 10 ng
purified human MMP-2 and MMP-9 (Chemicon International Inc.,
Temecula, USA) were loaded as controls, respectively. After
electrophoresis, the gels were soaked twice for 15 min in 2.5% (w/
v) Triton-X 100, 50 mM Tris-HCl (pH 7.5) with gentle shaking at
room temperature. The gels were rinsed and incubated overnight at
37�C in calcium buffer (50 mM Tris-HCl pH 7.5, 10 mM CaCl2,
0.3% Brij-35).

After incubation, the gels were stained in 0.2% Coomassie blue
R250 in 25% (v/v) isopropyl alcohol and 10% (v/v) acetic acid
followed by washout of excessive dye by a mixture of 25% (v/v)
isopropyl alcohol and 10% (v/v) acetic acid. The dried gels were
digitally scanned, and lysis bands of the latent and active forms of
MMP-2 and -9 were separately analyzed using densitometry (AIDA
Software, Raytest Isotopenmeßger�te GmbH, Straubenhardt, Ger-
many). The tumor/tumor-free (T/TF) ratios were calculated for the
latent and active MMP forms individually for each case.

MMP-9 protein expression

MMP-9 immunohistochemistry was performed using two different
commercially available monoclonal antibodies (clone IA5; Onco-
gene, Boston, USA; clone 4H3; R&D Systems, Minneapolis, USA).
Using various unmasking procedures and visualization techniques,
no satisfactory staining results could be obtained. The expression of
MMP-9 was, therefore, analyzed by Western blotting of manually
microdissected tissue. In brief, samples of frozen tumor and tumor-
free tissue were isolated as described above. The tissues were ho-
mogenized in lysis buffer [150 mM NaCl, 105 mM ethylenedi-
aminetetraacetate (EDTA), 3% glycerol, 1 mg/ml bovine serum
albumin, 1% IGEPAL CA-630 (Sigma-Aldrich Chemie, Steinheim,
Germany)]. After determining the protein concentration using a
Bradford-assay, a cocktail of proteinase inhibitors [1 mg/ml leu-
peptin (Amersham Pharmacia Biotech, Freiburg, Germany), 5 mg/
ml aprotinin (Roth, Karlsruhe, Germany), 2 mg/ml pepstatin A
(Amersham Pharmacia Biotech, Freiburg, Germany) and 0.5 mM
pefabloc (Roche Diagnostics, Mannheim, Germany)] was added.
From each sample, 10 �g of total protein were separated on 18%
SDS-polyacrylamide gel electrophoresis (PAGE) and transferred to
PVDF membranes. The membranes were blocked with 5% skim
milk (Slimfast, Wiesbaden, Germany) and incubated overnight at
4�C with a monoclonal anti–human MMP-9 antibody (clone 4H3;
R&D Systems, Minneapolis, USA) at a dilution of 1:500. After
thorough washing, a biotin-SP-conjugated goat-anti mouse anti-
body (Jackson Immuno Research, Pennsylvania, USA) was applied
at a 1:1000 dilution for 90 min at room temperature. Subsequently,
the membranes were washed as above and incubated with strepta-
vidin conjugated alkaline phosphatase (Jackson Immuno Research,
Pennsylvania, USA) diluted to 1:250 at room temperature for
60 min. Bands were visualized using 5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium (BCIP/NBT) (Roche Diagnostics,
Mannheim, Germany) in AP-buffer (100 mM Tris-HCl pH 8.0,
100 mM NaCl, 50 mM MgCl2). On each blot, 10 ng of purified
human MMP-9 protein (Chemicon International Inc., Temecula,
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USA) served as control. The expression rate of MMP-9 was cal-
culated as tumor/tumor-free ratios after densitometrical analyses
(AIDA Software, Raytest Isotopenmeßger�te GmbH, Strauben-
hardt, Germany).

Immunohistochemistry

Immunohistochemistry was performed using a mouse monoclonal
antibody to human MMP-2 (clone MAB13431, Chemicon Inter-
national Inc., Temecula, USA). This antibody recognizes both the
pro and active form of human MMP-2 and does not cross react with
pro and active forms of other MMPs.

Sections of 3 �m were obtained from formaldehyde-fixed and
paraffin-embedded biopsies and radical-prostatectomy specimens.
The tissue was deparaffinized and rehydrated through a series of
graded alcohols. For antigen retrieval, the slides were placed in
10 mM citrate buffer (pH 6.0) and boiled using microwave heating
at 600 W for 3�5 min. Non-specific sites were blocked with 3%
bovine serum albumin (Sigma, Munich, Germany). Sections were
incubated with the MMP-2 antibody at a 1:1.500 dilution at 4�C
overnight. Immunoreactive sites were detected using incubation
with a 1:1.000 dilution of biotin-SP-conjugated goat-anti mouse
IgG/IgM (Jackson Immuno Research, Pennsylvania, USA) for
30 min at room temperature and subsequent incubation with
streptavidin-conjugated alkaline phosphatase (Jackson Immuno Re-
search, Pennsylvania, USA) diluted to 1:250 at room temperature
for 30 min. Immunoreactive sites were developed using Fast Red
substrate containing levamisole (Roche Diagnostics, Mannheim,
Germany). Sections were counterstained with hematoxylin and
mounted in Kaiser’s glycerol gelatin (Merck, Darmstadt, Ger-
many).

Stained slides were examined to identify the cellular localiza-
tion of MMP-2 immunoreactivity and scored for both intensity
(�/+, ++, +++) and proportion (0–5%, 6–25%, 26–50%, 50–75%,
>75%) of tumor cells stained. Stromal staining was scored for in-
tensity (�/+, ++, +++). Integer values were assigned to the scores of
intensity (1–3), proportion of tumor cells stained (1–5) and stromal
staining (1–3). These values were multiplied to provide a single
score for each case.

Enzyme-linked immunosorbent assay

Preoperative serum samples were available from a subset of 31
patients. Those included 20 high-grade and 11 low-grade, 19 organ-
confined and 12 advanced tumors. The serum levels of MMP-2 and
MMP-9 in these samples were determined using commercially
available ELISAs for MMP-2 and MMP-9 (BIOTRAK, Amersham
Biosciences, Freiburg, Germany). The assays were performed ac-
cording to the manufacturer’s instructions. The serum probes were
diluted at 1:50 for the MMP-2 assay and at 1:20 for the MMP-9
assay. A group of five and eight patients with benign prostate hy-
perplasia (BPH) was used as controls, respectively.

Statistical analysis

Data is presented as mean value€standard error of mean. Statistical
analyses were performed using chi-square (c2)-test for correlation
between molecular and histopathological parameters. Normal dis-
tribution of data was analyzed using Kolmogorov-Smirnov test.
Comparison between non-paired data of ELISA was made using the
Mann-Whitney test. P values of <0.05 are considered statistically
significant. Statistical calculations were done using Microsoft Ex-
cel data analysis software (Microsoft, Richmond, USA) and PC-
Statistik 2.05 software package (TopSoft, Hannover, Germany).

Results

MMP-2 and MMP-9 activity

The activities of MMP-2 and MMP-9 were evaluated in
tumor and tumor-free tissue of 97 radical prostatectomies
using gelatin zymography. Two distinct bands of gelati-
nolytic activity were detected in all analyzed samples at
approximately 90 kDa and 70 kDa (Fig. 1). Additional
weaker lysis bands below the main bands were detected in
88 of 97 (90.7%) of the analyzed samples. Gelatinolytic
activity could be completely inhibited by incubating the
zymograms in 10 mM EDTA, an unselective MMP in-
hibitor, identifying the observed enzymes as gelatinases.
The lysis bands were further characterized as pro-MMP-9
(92 kDa), pro-MMP-2 (72 kDa), active MMP-2 (90 kDa)
and active MMP-9 (70 kDa) by comparison with purified
human MMP-2 and MMP-9 protein (Fig. 1).

The mean value of all tumor/tumor-free ratios was
0.96€0.08 for pro-MMP-2 and 1.84€0.17 for active
MMP-2. An increased MMP-2 activity, which was de-
fined by a cutoff point of 1 for the ratios of tumor versus
tumor-free tissue was found in 33 of 97 (34.0%) of the
patients for pro-MMP-2 and in 49 of 88 (55.7%) of the
patients for the active form of MMP-2. A raised MMP-2
activity was generally found in advanced tumor stages
(pT3 and pT4), while decreased activity was associated
with organ-confined tumors (pT2) (P=0.046, pro-MMP2;
P=0.014, active MMP-2) (Fig. 2). A significant correla-
tion between MMP-2 activity and tumor grade could not
be detected.

The mean values for all calculated ratios were 2.70€
0.76 for the pro-form and 2.48€0.33 for the active form of
MMP-9. An increased tumor/tumor-free ratio (cutoff=1)
was found in 57 of 97 (58.8%) samples of pro-MMP-9 and
45 of 88 (51.1%) of active MMP-9. Association analysis
between activity of pro and active forms of MMP-9 and
tumor stage or grade yielded no significant correlations.

Fig. 1 Representative gelatin zymography of prostate tissue ho-
mogenates. Gelatinolytic activities of matrix metalloproteinase
(MMP)-2 and MMP-9 from tumor-free (TF) and tumor (T) prostate
tissue are visible as clear bands against the stained background.
Each lane contains 10 mg of total protein extract. Lanes with pu-
rified recombinant human MMPs (rhMMPs) contain 10 ng each
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MMP-2 and MMP-9 tissue expression

The staining in tumor cells with MMP-2 was cytoplasmic
and variable regarding intensity and proportion. An ad-
ditional non-uniform reactivity at a generally lower level
was observed in benign cells. Immunoreactivity of MMP-
2 was scored as product of the intensity and proportion of
stained tumor cells and intensity of stained stromal cells
in prostatic tumor tissue of surgical specimens (Fig. 3a, b,
c, d) and core needle biopsies (Fig. 3e). The mean values
of all determined expression scores were 4.1€0.3 for 96
prostatectomies and 3.1€0.7 for 23 biopsies. The thereby
deduced cutoff values for prostatectomies of four and
biopsies of three gave 50 specimens and 16 biopsies a
weak and 46 specimens and 7 biopsies a strong expression
score. Statistical analyses revealed a positive correlation
between expression score and tumor grade in surgical
specimens (Fig. 4). High expression levels were pre-
dominantly found in high-grade tumors (Gleason score
�7), while low expression scores were associated with
low-grade tumors (Gleason score <7) (P=0.024).

The expression pattern of MMP-2 in biopsies was sim-
ilar compared with prostatectomies. In 15 of 23 (65.2%) of
the biopsies, the relative expression levels were identical
to those found in the surgical specimens of the same pa-
tients. In five of the remaining seven biopsies, the relative
expression levels were decreased, while they were in-
creased in the respective prostatectomies. Two patients,
however, showed an increased expression in biopsy and a
decreased expression in the surgical specimen. A signifi-
cant correlation between MMP-2 expression score and
tumor grade or stage, as observed in prostatectomies,
could not be found in the biopsies.

The expression of MMP-9 was analyzed using im-
munoblotting (Fig. 5). MMP-9 was detectable in all 94
prostatic tissue samples available. The mean value of all
calculated tumor/tumor-free ratios was 1.62€0.28. An
increased MMP-9 expression, defined by a tumor versus
tumor-free ratio �1 was found in 36 of 94 (38.3%)
specimens. MMP-9 expression showed no significant
correlation with tumor stage or grade.

MMP activity and protein expression

The expression rates of MMP-2 and MMP-9 determined
using immunohistochemistry and Western blotting were
correlated with the activity data of the pro and active
forms. The expression of MMP-2 as well as MMP-9
showed no significant correlation to the activity of the
respective pro-MMP. However, a significant inverse cor-
relation was found for the activity of the active form of
MMP-2 and MMP-2 expression (P=0.04, Table 1). More
patients with an increased MMP-2 activity had a weak
MMP-2 expression (33.3% versus 21.8%), while more
patients with a decreased MMP-2 activity had a strong
MMP-2 expression (27.6% versus 17.2%). For MMP-9, a
similar correlation between the active form and the pro-
tein expression was not present (Table 1).

MMP-2 and MMP-9 serum expression

Serum levels of MMP-2 and MMP-9 were determined in
a subgroup of 31 PCa patients and five or eight BPH
controls, respectively (Table 2). No significant differ-
ences were found in serum levels of MMP-2 between
BPH controls (1246.45€87.28 ng/ml) and PCa patients
(1121.43€25.51 ng/ml) or between groups of different
tumor stages and grades (Table 2). The relative serum
levels found in 16 of 31 (51.6%) PCa patients matched
with those found in the corresponding surgical specimens.
In 10 of the 15 remaining PCa patients, the relative ex-
pression levels were increased in the serum probes, while
they were decreased in the prostatectomies, respectively.

The serum concentration of MMP-9 was significantly
increased in PCa patients (383.58€31.87 ng/ml) compared
with the control group (250.92€22.43 ng/ml) (P=0.008)
(Table 2). A significant correlation was found for the
expression of MMP-9 in PCa patients and Gleason score,
based on a cutoff value of 307.03 ng/ml representing the
median of all evaluated MMP-9 serum concentrations in
PCa patients (P=0.044) (Table 2, Fig. 6).

MMP-2 expression in biopsies, prostatectomies and se-
rum

In six cases, probes were available for all three analyses of
MMP-2 expression in prostatectomies, biopsies and serum
(Table 3). In three of those (27780/99, 37736/99 and
29701/99), consistent relative expression rates could be

Fig. 2 Increased matrix metalloproteinase (MMP)-2 activity is as-
sociated with advanced (pT3, pT4) tumor stages, while organ-
confined (pT2) tumors showed a decreased MMP-2 activity. A
similar association was found for the pro (P=0.046) and active form
(P=0.014) or MMP-2. A cut-off point of 1 for tumor/tumor-free
ratio was chosen to discriminate between increased and decreased
activity. Advanced tumor stages are represented by a solid bar,
while the group of organ-confined tumors is show as a hatched bar
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found by all three analyses. Two (27780/99 and 37736/99)
showed an overall increased expression while the other
(29791/99) had a generally reduced expression. In four of
six (66.7%), the relative expression levels detected by
preoperative samples (serum and biopsy) were identical.

Discussion

PCa has an enormous impact on the health services of the
Western countries, as it is one of the major causes for
cancer-related death in men. The prediction of an indi-
vidual patient’s outcome is quite difficult, due to the
variably aggressive nature of the disease. Investigations
on potential new prognostic markers are, therefore, an
important prerequisite for the development of optimized

therapy strategies. MMP-2 and MMP-9 have been re-
ported to be associated with tumor progression in various
types of cancer, and several studies have reported their
role in PCa [4, 5, 6, 15, 19, 21, 25, 35]. This is the first
report in which the expression and activity of MMP-2 and
MMP-9 has been investigated in prostatic tumor tissue
from core needle biopsies and radical prostatectomies, as
well as serum probes of the same patient group. Together
with the applied analytical techniques, zymography, im-
munohistochemistry, Western blotting and ELISA, we
tried to gain a comprehensive insight into the role of
gelatinases in PCa on the protein level.

Gelatin zymography revealed gelatinolytic activity in
all 97 analyzed tumor and tumor-free tissue samples.
The major activity was identified as the latent forms of
both gelatinases. MMP-2 and MMP-9 are both secreted as

Fig. 3 Immunohistochemical analysis of matrix metalloproteinase
(MMP)-2. The expression rate was scored as the product of in-
tensity (I, range 1 to 3) and proportion (P, range 1 to 5) of stained
tumor cells. Representative pictures show weak (a) (I1), strong (b)

(I3), occasional (c) (P1) and ubiquitous (d) (P5) staining of tumor
cells, respectively. e Representative staining of core needle biopsy
with heterogeneous staining pattern
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zymogens, which need further activation. The active en-
zymes, however, can easily form complexes with their
natural inhibitors, the tissue inhibitors of metallopro-
teinases (TIMP) [1]. Pro-MMP-2 is activated by inter-
action with membrane type-1-matrix metalloproteinase
(MT1-MMP) on the cell surface [18, 27]. Both gelatinases
may also be activated by MMP-13, which in turn is ac-
tivated by MT1-MMP and active MMP-2 [16, 17]. A
direct comparison of MMP activity in tumor and tumor-
free tissue using densitometry demonstrated that 55.7% of
the analyzed tumor probes had an increased MMP-2 ac-

tivity, while 51.1% had an elevated MMP-9 activity. A
recent study by Lichtinghagen et al. [20] in 17 patients
found no significant difference for the overall activity of
MMP-2 in malignant and benign prostate tissue, while the
MMP-9 activity level was increased in cancerous parts of
the prostate. They also found an association of tumor
stage and grade with the expression of MMP-2; but only 2
of 17 tumors had a Gleason score less than or equal to
seven. In our study of 97 patients, we found a positive
association (P<0.05) between MMP-2 activity and the
tumor stage of the PCa patients. An increased tumoral
activity of MMP-2 was predominantly found in patients
with advanced tumor stages (pT3, pT4), while a reduced
MMP-2 activity in the tumor tissue was mainly observed
in organ-confined stages (pT2).

Immunohistochemical data showed an increased
MMP-2 expression in prostatic carcinoma. The staining
pattern of MMP-2 was variable concerning intensity and
localization of positive tumor cells, which had been ob-
served previously [23, 32]. A semi-quantitative scoring
system was used to categorize MMP-2 expression as in-
creased or decreased. The applied cutoff score of 4 re-
flects the mean value of all analyzed immunostainings.
Reactivity of normal secretory epithelial and basal cells

Fig. 4 A strong matrix metalloproteinase (MMP)-2 expression cor-
relates with high-grade (Gleason�7) tumors. Low-grade (Glea-
son<7) tumors are associated with weak expression (P=0.024). A
cut-off point of 4 reflects the mean value (4.1€0.3) of all expression
scores. The group of high-grade tumors is shown as a solid bar,
while the low-grade tumors are represented by a hatched bar

Fig. 5 Representative Western-blot analysis of matrix metallopro-
teinase (MMP)-9 in prostate tissue homogenates. Protein bands of
MMP-9 in tumor-free (TF) and tumor (T) prostate tissue were de-
tected by a monoclonal anti-human MMP-9 antibody. Each lane
contains 10 mg of total protein extract. The lane with purified re-
combinant human MMP-9 (rhMMP-9) contains 10 ng

Fig. 6 The matrix metalloproteinase (MMP)-9 serum levels are
increased in patients with high-grade tumors. Patients with low-
grade tumors have lower MMP-9 serum levels (P=0.044). The
median of all serum concentrations was chosen as cut-off point.
The group of patients with high-grade tumors is shown as a solid
bar, while patients with low-grade tumors are represented by a
hatched bar

Table 1 Protein expression
versus protein activity of active
forms of matrix metallopro-
teinases (MMPs) in prostatic
carcinoma. c2-test for MMP-2
revealed 4.15 (P=0.04), for
MMP-9 0.15 (P=0.69)

MMP-2 MMP-9

(n=87) (n=84)

Strong expression# Weak expression# Increased expression§ Decreased expression§

Increased
activity*

19 (21.8%) 29 (33.3%) 15 (17.9%) 28 (33.3%)

Decreased
activity*

24 (27.6%) 15 (17.2%) 16 (19.0%) 25 (29.8%)

* Determined using zymography
# Determined using immunohistochemistry
§ Determined using Western blot
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might represent pro-MMP-2 levels in these tissues, as the
used MMP-2 antibody detects both pro- and active MMP-
2. Also, it should be noted that the staining of benign
elements was only partial compared with carcinoma cells.
Confirming previous reports, we found a significant cor-
relation between MMP-2 expression and tumor grade [23,
29]. Patients with high-grade tumors (Gleason score �7)
had an increased MMP-2 expression, while a reduced
expression was predominantly present in the patient group
with low-grade tumors (Gleason score <7). The observed
association between MMP-2 expression in prostatec-
tomies and tumor grade, however, could not be confirmed
in core needle biopsies. The relative expression scores in
biopsies and surgical specimens corresponded in 16 of
23 analyzed patients, and the mean expression scores
(4.1€0.3 versus 3.1€0.7) were similar for both specimen
groups. This indicates that investigation of MMP-2 ex-
pression in biopsies facilitates conclusions on the state of
MMP-2 expression in the surgical specimen. An impor-
tant issue for the observed differences between biopsies
and prostatectomy specimens might be the discrepancy in
Gleason scoring. Actually, the investigated 23 biopsies
included 7 high-grade and 16 low-grade tumors, based on
the Gleason scores determined in biopsies. The same
group of patients included 15 high-grade and 8 low-grade
tumors when the Gleason scores were determined in
prostatectomies. This sampling error could be explained
by high Gleason patterns being present in the radical
prostatectomies that were not sampled in the biopsies.

MMP-2 expression and activity showed an inverse
correlation, indicating that the protein expression does not

necessarily reflect the activity status of the enzyme (Ta-
ble 1).

In support of previous studies, our results on MMP-2
activity and expression, as assessed using zymography
and immunohistochemistry, indicated an important role
for MMP-2 on tumor progression [2, 9, 26, 29].

MMP-2 serum levels were not significantly different in
31 PCa patients and 5 BPH controls (Table 2). The MMP-
2 concentrations in serum from PCa patients tended to be
even lower than in BPH controls. Previous studies on
MMP-2 serum concentrations in PCa patients displayed
controversial results. Some groups demonstrated that the
serum levels of MMP-2 were significantly increased in
samples from PCa patients compared with normal con-
trols and BPH patients [8, 14]. Others, however, found no
differences between MMP-2 concentrations in plasma
probes of PCa patients and a control group [13]. Inves-
tigations from the same authors showed no differences in
MMP-2 expression from serum and plasma [12]. Only 16
of the 31 relative expression levels determined using
ELISA matched with those obtained using immunohis-
tochemistry of radical prostatectomies. This confirms that
MMP-2 serum analyses play only a minor role in indi-
cating MMP-2 expression in PCa.

In contrast to MMP-2, we found significantly increased
serum levels of MMP-9 in PCa patients compared with
BPH controls (Table 2). Furthermore, MMP-9 serum
levels revealed a significant correlation to tumor grade.
However, these results have to be considered very care-
fully, since additional MMP-9 might be released during
the degranulation of neutrophil blood cells [36]. However,
the conditions of serum preparations were the same for
both groups, PCa patients and BPH controls. Since the
probes were collected preoperatively on a routine basis,
only serum probes were available.

A recent study by Ishimaru et al. demonstrated a
positive MMP-9 immunostaining in 27 of 41 (65.9%)
specimens [10]. A significantly larger number of high-
grade tumors expressed MMP-9, while more low-grade
tumors did not express MMP-9 at all. Since MMP-9 im-
munohistochemistry using the antibodies tested was not
satisfactory, protein expression was determined in man-
ually microdissected tumor and tumor-free tissues using
immunoblotting. In our study, MMP-9 protein expression
could be detected in all tumor and tumor-free tissues of

Table 3 Relative matrix metalloproteinase (MMP)-2 expression in
serum, core needle biopsies and prostatectomies. An increased
relative expression level is indicated by a plus (+), while a de-
creased expression is represented by a minus (�)

Patient ID Serum Core needle
biopsy

Surgical
specimen

27780/99 + + +
37736/99 + + +
40473/99 + + �
4570/00 + � +

29507/01 + � �
29701/01 � � �

Table 2 Serum concentration (mean€SEM) of matrix metalloproteinase (MMP)-2 and MMP-9 in benign prostatic hyperplasia (BPH)
controls and prostatic carcinoma (PCa) patients

Controls
(BPH)

PCa patients

Total Low-grade tumors High-grade tumors pT2 pT3+4

(n=31) (n=11) (n=20) (n=19) (n=12)

MMP-2 (ng/ml) 1246.45€87.28 1121.43€25.51 1148.27€26.79 1106.67€36.77 1105.01€35.67 1147.43€34.45
(n=5)

MMP-9 (ng/ml) 250.92€22.43 383.58€31.87* 305.17€44.03 426.71€40.61# 367.30€36.86 409.35€59.47
(n=8)

*P<0.01 versus BPH controls
#P<0.05 versus low-grade tumors
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the 94 tissue specimens in contrast with the aforemen-
tioned study. This may be due to different antibody
specificity and sensitivity. An increased expression com-
pared with tumor-free tissue was found only in 38% of the
tumors, and no correlation to tumor stage or grade could
be detected. To clarify the role of MMP-9 as a marker in
prostatic carcinoma, further investigations with a larger
number or other type of specimens (e.g., plasma) will be
necessary.

The different results in MMP-2 expression in prosta-
tectomies, biopsies and serum probes might be caused by
the relatively low numbers examined in the latter two
groups. In only six cases, tissue and serum samples were
available for all investigations.

In summary, this study showed that although the
MMP-9 activity was increased in the majority of analyzed
tumor samples, we could not find an association to his-
topathological parameters, such as tumor stage or grade.
MMP-9 protein overexpression was present only in a
minority of the cases. The observed correlation between
MMP-9 expression in serum and tumor grade has to be
addressed very carefully and needs further examination.

We could demonstrate an association between MMP-2
expression and activity to tumor grade and stage. In-
creased MMP-2 activity is associated with advanced tu-
mor stages, while an elevated expression is correlated
with high-grade tumors. In addition, as our immunohis-
tochemical analyses demonstrated, the relative expression
levels assessed in core needle biopsies match in about
65% of the patients with those of the surgical specimens.
This indicates that detection of MMP-2 in core needle
biopsies seems not to be a helpful marker. Further follow-
up studies are needed on a large number of biopsies to
clarify the role of MMPs for prognostic purposes.
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Abstract The vast majority of pancreatic carcinomas are
primary, and, among these, more than 90% are of ductal
origin. However, a variety of extrapancreatic tumors may
involve the pancreas secondarily and may manifest dif-
ferent clinicopathological characteristics and outcomes.
In this study, pathology material from 973 surgical
specimens and 4955 adult autopsy cases was reviewed to
identify the tumors metastatic to or secondarily involving
the pancreas. Biliary and periampullary neoplasms and
tumors confined to peripancreatic soft tissue were ex-
cluded. In the autopsy series, the pancreas was involved
by tumor in 190 cases, and 81 of these were secondary
tumors. These were predominantly of epithelial origin,
most commonly from lung (34), followed by GI tract (20),
kidney (4), breast (3), liver (2), ovary (1), and urinary
bladder (1). In addition, there were six tumors of hema-
topoietic origin, two melanomas, two sarcomas, and two
mesotheliomas. Among the 973 surgical specimens, 38
cases contained metastatic tumors to the pancreas. Of
these, 11 were lymphomas, and the others were carcino-
mas of stomach (7), kidney (6), lung (2), liver, prostate,
ovary, uterus (1 case of each), and a Merkel cell carci-
noma. In addition, there were three malignant gastroin-
testinal stromal tumors and one retroperitoneal leiomyo-
sarcoma. In conclusion, lung cancer is the most common
source of metastasis to pancreas, followed by gastroin-
testinal carcinomas and lymphomas. These tumors are
usually seen in patients with disseminated disease and are
detected mainly in autopsies. Secondary tumors constitute
about 4% of pancreatic specimens in the authors’ surgical
database. Approximately one-third of them are clinically
mistaken as primary tumors of the pancreas. These are

predominantly hematopoietic malignancies or carcinomas
of renal or gastric origin. Secondary tumors should be
entertained in both the clinical and pathological differ-
ential diagnosis of pancreatic neoplasia.

Keywords Pancreas · Metastasis · Secondary tumors ·
Neoplasms · Cancer

Introduction

While the majority of the tumors involving the pancreas
are either of pancreatic, biliary, or periampullary origin,
there are a variety of tumors involving this organ secon-
darily, which have different clinicopathological presen-
tations and outcomes [10, 11, 20, 26, 32, 39, 45, 46, 53,
63, 66, 67, 75, 77, 96]. Most of the studies reported in the
literature focus on the radiological and ultrasonographic
characteristics of secondary tumors and their differential
diagnosis from primary pancreatic carcinomas [10, 11,
20, 26, 39, 66, 67, 77, 96].

In this study, we undertook a review of secondary
pancreatic tumors in the autopsy and surgical files of The
Karmanos Cancer Institute, Detroit Medical Center and
Wayne State University to determine the types and rela-
tive frequency of secondary pancreatic tumors and their
potential clinicopathological significance. The findings
were compared with the previous experience reported in
the literature.

Materials and methods

Pathology materials from autopsies and surgical pancreatic speci-
mens obtained in the authors’ institution during a 20-year (1977–
1997) period have been reviewed to identify the tumors secondarily
involving the pancreas. In autopsy files, among 4955 adult autop-
sies performed for various reasons, 190 had tumors in the pancreas.
In surgical files, 973 surgical specimens were identified as having
tumors in the pancreas [466 resections and 507 open (incisional) or
large core needle biopsies].

Tumors that are metastatic to the pancreas from a remote site,
those that secondarily invade the pancreas from the neighboring
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organs (other than the biliary, ampullary, or duodenal ones), and
lymphomas were regarded as “secondary” tumors and were in-
cluded in this study. Tumors that were confined to the peripan-
creatic soft tissue or lymph nodes, without pancreatic involvement,
were excluded.

The slides, pathology reports, and, where needed, hospital
charts of the patients were reviewed. For surgical cases, in order to
determine if any diagnostic difficulty was encountered, the reports
were analyzed for frozen section diagnoses, microscopic notes, and
additional work-up utilized. Accordingly, further analysis was
performed—in some cases with additional immunostains, in others
with clinical follow-up, and yet with others by careful scrutiny of
hematoxylin-eosin slides. For all melanoma cases, an immunohis-
tochemical panel composed of S-100, HMB-45, and cytokeratin
was performed. For lymphoma cases, a common panel of cyto-
keratin, LCA, as well as B-cell and T-cell markers, including at
least, but not limited to CD20 and CD3, was performed.

Results

Autopsies

Of the 190 autopsy cases with pancreatic tumors, 43%
were secondary tumors (81 cases). These were 50 men
and 31 women with a mean age of 59 years. A variety of
tumors were found to metastasize to the pancreas. These
were predominantly of epithelial origin, most commonly
from lung (34 cases, 42%) and gastrointestinal tract (20
cases, 24.7%), followed by kidney (4 cases, 5%), breast (3
cases, 3.7%), liver (2 cases, 2.5%), ovary (1 case, 1.2%),
and urinary bladder (1 case, 1.2%) (Table 1). Among the
pulmonary tumors, 10 were small cell carcinomas, and 24
were non-small cell carcinomas (10 adenocarcinomas, 9
large cell carcinomas, and 5 adenosquamous/squamous
cell carcinomas) (Fig. 1). The metastatic renal cell car-
cinomas were composed of one clear cell, one papillary,
and two sarcomatoid carcinomas. Four metastases (5%)
were classified as unknown primary and did not appear to
be originating in the pancreas. Among the six tumors of

hematopoietic origin (7.4%), four were non-Hodgkin’s
lymphoma, (two diffuse large B-cell, one B-cell chronic
lymphocytic leukemia/small lymphocytic lymphoma, and
one peripheral T-cell) one was Hodgkin, and one case of
multiple myeloma was noted. In addition, we found two
cases (2.5%) of each metastatic melanoma, mesothelio-
ma, and sarcoma.

All tumors in the autopsy series presented as dissem-
inated disease, with the exception of two gastric adeno-
carcinomas that had extension limited to the pancreas. In
20 cases (25%), the metastatic tumors were confined to
the head (13 cases), body (1 case), or tail (6 cases) of the
pancreas. In the remaining majority of 61 cases (75%),
the tumors involved multiple segments of the organ. In 20
cases (25%), the metastases within the pancreas were only
detected at the microscopic level, whereas in 47 cases

Table 1 Site of primary tumor in the autopsy series

Location of primary tumor No. of cases (%) n=81

Lung 34 (42%)
GI tract 20 (24.7%)

Esophagus 4 (4.9%)
Stomach 10 (12.3%)
Colon 5 (6.2%)
Rectum 1 (1.2%)

Kidney 4 (5%)
Breast 3 (3.7%)
Liver 2 (2.5%)
Ovary 1 (1.2%)
Urinary bladder 1 (1.2%)
Hematopoietic tumors 6 (7.4%)

Non-Hodgkin’s lymphoma 4 (4.9%)
Hodgkin’s lymphoma 1 (1.2%)
Multiple myeloma 1 (1.2%)

Melanoma 2 (2.5%)
Sarcomas 2 (2.5%)
Mesothelioma 2 (2.5%)
Carcinomas of undetermined origin 4 (5%)

Fig. 1 Metastatic adenosqua-
mous carcinoma from the lung.
Glandular structures are ad-
mixed the squamous nests
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(58%), they were seen grossly as single or multiple tu-
mors or were reported as diffuse involvement of the
pancreas.

Seven cases were suspected to be of primary origin
(8.5%) before the autopsy was performed. Two of these
were melanoma; the rest were originating from lung,
kidney, liver, and breast. One case was of unknown ori-
gin.

Surgical specimens

Of 973 cases, 38 (3.9%) showed secondary tumors diag-
nosed in 17 resections and 21 large-core needle biopsies,
taken from 27 men and 11 women with a mean age of
59 years. Of these, most were lymphomas (11 cases,
29%)—all of non-Hodgkin’s type (7 diffuse large B-cell
lymphoma, 1 precursor B-lymphoblastic lymphoma, 1
follicular center cell lymphoma, 1 marginal zone B-cell
lymphoma, 1 peripheral T-cell lymphoma)—carcinomas
of the stomach (7 cases, 18.4%), and renal cell carcino-

mas (6 cases, 15.7%)—all of clear cell type. In addition,
there were 2 cases of lung carcinoma (5.3%) and 1 case
(2.6%) each of prostate, liver, ovary, uterus, and Merkel
cell carcinoma. Four metastatic sarcomas were identified;
among them were three (7.9%) malignant gastrointestinal
stromal tumors tumors and one (2.6%) leiomyosarcoma of
retroperitoneal origin (Table 2). Three cases were diag-
nosed as metastatic carcinoma of unknown origin.

Clinically, in 13 patients (34%), the preoperative di-
agnosis of pancreatic adenocarcinoma was rendered; 6
were lymphoma on histology, 4 were renal cell carcino-
ma, and the rest were single examples of metastasis from
stomach, liver, and ovary. An interesting observation was
that all cases of metastatic renal cell carcinoma in our

Table 2 Site of primary tumor in the surgical series. GIST gas-
trointestinal stromal tumor

Location of primary tumor No. of cases (%) n=38

Non-Hodgkin’s lymphomas 11 (29%)
Stomach 7 (18.4%)
Kidney 6 (15.7%)
Lung 2 (5.3%)
Liver 1 (2.6%)
Prostate 1 (2.6%)
Ovary 1 (2.6%)
Uterus 1 (2.6%)
Merkel cell carcinoma 1 (2.6%)
Malignant GIST 3 (7.9%)

Stomach 1 (2.6%)
Intestine 2 (5.3)

Leiomyosarcoma 1 (2.6%)
Carcinomas of undetermined origin 3 (7.9%)

Fig. 2 Gross photograph of metastatic renal cell carcinoma form-
ing two polypoid masses in the duodenum. The lower one involves
the ampulla of Vater

Fig. 3 High-power view of
lymphoma, showing lympho-
cytes with atypical nuclei. Dis-
tinguishing anaplastic pancreat-
ic carcinomas from this tumor
could be difficult
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series presented clinically with signs of gastrointestinal
bleeding; some had a polypoid growth pattern (Fig. 2).

Review of the reports and slides

The review of microscopic reports and histological sec-
tions showed that lymphomas, melanomas, and sarcomas
were difficult to distinguish from anaplastic pancreatic
carcinomas (Fig. 3, Fig. 4). A case of melanoma had an
artificial pseudopapillary pattern in a young female pa-
tient, raising the differential of solid-pseudopapillary tu-
mor (Fig. 5). Colorectal, gastric, and mammary adeno-

carcinomas were often mistaken for conventional duc-
tal adenocarcinomas. Gastric carcinomas were especially
noted to form dense desmoplastic stroma in the pancreas,
characteristic of ductal adenocarcinoma (Fig. 6). A case
of Merkel cell carcinoma was originally mistaken for a
primary endocrine carcinoma of the pancreas (Fig. 7), and
one example of clear cell ovarian carcinoma was misin-
terpreted as serous cystadenocarcinoma (Fig. 8). Coloni-
zation of the ductal epithelium by metastatic tumor cells
was noted in some cases.

Fig. 4 Malignant melanoma.
Syncytial growth pattern and
sprinkling of lymphocytes is
similar to medullary carcinoma
of the pancreas

Fig. 5 This malignant melano-
ma has a pseudopapillary pat-
tern due to dyscohesiveness of
the neoplastic cells away from
the fibrovascular cores
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Discussion

Primary pancreatic carcinomas of ductal origin constitute
the vast majority of pancreatic tumors, to an extent that
“pancreas cancer” is used synonymously with pancreatic
ductal adenocarcinoma. As a consequence, other tumor
types that occur in this organ are often misdiagnosed as
“pancreas cancer,” both clinically and pathologically.
Although uncommon, secondary tumors (those that me-
tastasize to the pancreas from remote sites, arise in the
adjacent organs and directly invade to pancreas, or arise
from tissue types that are not normally present in the
pancreas, such as lymphoid) constitute a small but an
important category that fall into the differential diagnosis
of pancreatic masses, often presenting a diagnostic chal-

lenge [10, 11, 20, 26, 32, 39, 45, 46, 53, 63, 66, 67, 75, 77,
96].

Previous autopsy studies investigating the dissemina-
tion patterns of carcinomas from various organs have
noted that the pancreas and peripancreatic lymph nodes
may be involved in 3–12% of patients with widely
metastatic disease [45, 74, 97].

This current study was undertaken to determine the
types and relative frequency of secondary tumors in-
volving the pancreas and their potential implications in
the pathological and clinical differential diagnosis of
pancreatic neoplasia by studying the autopsy and surgical
files of Harper Hospital, Detroit Medical Center, The
Karmanos Cancer Institute, and Wayne State University.

Among 4955 adult autopsies performed for various
reasons (neoplastic and non-neoplastic) in the authors’
institution, 190 exhibited tumors involving the pancreas,
and 81 of these (43%) were secondary tumors. This figure
was slightly less than the 65% reported from the files of
Memorial Sloan-Kettering Cancer Center [17] and may be
attributable to the differences in the patient population.
With the exception of two gastric adenocarcinomas that
had direct extension to the pancreas, most were seen as a
part of widely disseminated carcinoma. As expected, the
patients were predominantly elderly (mean age, 59 years),
which is similar to the occurrence age of primary carci-
nomas. The vast majority of tumors were of epithelial
origin, most commonly from lung, followed by gastroin-
testinal tract and kidney. These findings are in accordance
with the previous literature. In most studies, lung carci-
nomas or renal cell carcinomas are reported to be the most
common [32, 39, 46, 75], although one study from Japan
indicated stomach as the main source, suggesting popu-
lation-based differences [63]. Cubilla et al. [17] and
Kl�ppel et al. [40] reported, in an autopsy series, car-
cinomas of the breast, lung, and skin melanomas as the

Fig. 6 Metastatic gastric carci-
noma with stromal desmoplasia
simulates a primary pancreatic
ductal adenocarcinoma. Adja-
cent normal islets are seen on
the left

Fig. 7 Merkel cell carcinoma in the tail of the pancreas. The cut
surface of this relatively well-circumscribed mass contains multiple
hemorrhagic foci and cysts of various size
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principal source of metastasis to the pancreas. In contrast,
in our autopsy series, metastasis from breast and mela-
nomas did not comprise a significant percentage (3.7%
and 2.5%, respectively).

Other tumors noted among our autopsy cases, in de-
creasing order, were lymphoma, breast carcinoma, mela-
noma, mesothelioma, myeloma, sarcoma, and hepatic and
ovarian malignancies. Such examples were also noted in
the literature [5, 12, 25, 36, 44, 55, 60, 67, 68, 81, 93, 98].
In fact, individual or a small number of cases exempli-
fying almost every tumor type have been reported, in-
cluding thyroid [35, 87], testis [59], cervix [94], menin-
gioma [88], Merkel cell carcinoma [6, 78], transitional
cell carcinoma [32, 79], myeloma [9, 33], solitary fibrous
tumor [50], malignant fibrous histiocytoma [82], leio-
myosarcoma [41], liposarcoma [2], osteosarcoma [27,
76], chondrosarcoma [58, 67], Ewing sarcoma [61],
schwannoma [47], and even medulloblastoma [43].

In more than half of our autopsy cases, the tumor was
visible during autopsy dissection (and was, therefore,
potentially detectable radiologically), and, also, in about a
quarter of our autopsy cases, the metastatic tumor was
confined to one segment of the organ [head (13 cases),
body (1 case) or tail (6 cases)]. Most patients did not have
any signs or symptoms attributable to pancreatic in-
volvement, which is in accordance with what has been
reported in the literature [15, 31, 38, 51, 52, 95]. How-
ever, in seven patients (8.5%), the tumor in the pancreas
was suspected to be a primary neoplasm before the au-
topsy was performed; two of these were melanomas, and
the others originated from lung, kidney, liver, breast, and
an undetermined site. It may be interesting to note here
that ovarian tumors, which are notorious for forming in-
traabdominal carcinomatosis, only rarely involved the
pancreas.

The autopsy series provides a better estimate of the
relative frequency of the types of tumors that metastasize

Fig. 8a, b Ovarian clear cell
carcinoma that was misinter-
preted as serous cystadenocar-
cinoma
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to the pancreas. However, the surgical series is biased
toward clinically manifest tumors, in which the possibility
of a primary pancreatic cancer was entertained preoper-
atively. Whereas, in the autopsy series, the most frequent
tumor metastatic to the pancreas was lung carcinoma,
among the surgical cases, it was lymphoma. In the au-
thors’ institutional files, 3.9% of the biopsies and resec-
tions were performed for secondary tumors (knowingly or
unknowingly), which is in accordance with what was
reported from the Mayo Clinic files as 2% [75]. A sub-
stantial proportion of the patients in our files (34%) had
the clinical suspicion of a primary pancreatic neoplasm.
Lymphomas and renal cell carcinomas were especially
prone to being mistaken for a primary carcinoma clini-
cally (six and four examples, respectively). In fact, half
the lymphomas were misdiagnosed as a primary carci-
noma. This is attributable to the fact that both lymphomas
and renal cell carcinomas often formed solitary masses in
the pancreas [1, 3, 7, 8, 18, 19, 24, 57, 70, 71, 92], with no
obvious evidence of metastasis in other organs. Pancreatic
metastases from colorectal carcinomas were also previ-
ously noted to mimic primary neoplasms, although this
was not the case in our experience. Charnsangavej et al.
[16] reported that in 7 of their 12 patients with colorectal
carcinoma metastatic to the pancreas, clinical features and
computed tomography findings were indistinguishable
from primary pancreas cancer, and, in 4 patients, the di-
agnosis at referral was pancreas cancer. Renal cell car-
cinoma is more notorious for being problematic in this
regard. In a review of 752 renal cell carcinomas over a
span of 38 years, it was found that 0.9% developed soli-
tary pancreatic metastasis [65]. In many instances, the
interval after the diagnosis to the development of metas-
tasis was several years, sometimes even decades [1, 3, 4,
15, 18, 21, 23, 26, 28, 30, 31, 34, 65, 66, 71, 74, 83, 86,
87, 89, 93, 94, 98]. In our patients, the mean interval was
2.6 years; however, in two patients, the metastasis ap-
peared after 5 years.

However, lymphomas [8, 42] and renal cell carcino-
mas [91, 99] are also among the tumor types that may
benefit from resections, even in secondary sites. It may be
interesting to note here that most of the lymphoma and
renal cell patients in our experience survived longer than
a year after the resection of their pancreatic lesion, which
is still an uncommon occurrence for pancreatic ductal
adenocarcinoma. Therefore, we support the approach
others have taken—that an attempt to resect secondary
tumors can be made whenever possible, particularly for
renal cell carcinoma, but also for others [13, 22, 32, 46,
85, 91, 99].

Analogous to primary neoplasms, the symptoms of
secondary tumors of the pancreas, if present, were also
often subtle and non-specific [20]. In our series, similar to
other studies, non-specific abdominal pain appeared to be
the most common symptom [75]. Pancreatitis [29, 40, 48,
49, 54, 59] and obstructive jaundice may also be seen [9,
37, 75, 100]. It is speculated that pancreatitis is at-
tributable not only to the destructive effect of the mass,
but also to release of other factors [73]. Interestingly,

metastatic renal cell carcinomas often present with gas-
trointestinal hemorrhage [14, 51, 56, 89] (as did all six
cases in our surgical series), possibly due both to their
hypervascular nature as well as the fact that they often
also involve the ampulla of Vater. More interestingly, all
patients with lymphoma in our series had hyperglycemia.

Secondary tumors of the pancreas may create a diag-
nostic challenge, not only clinically, but also histopatho-
logically. Review of the surgical pathology reports in our
data indicated that lymphomas, melanomas, and sarcomas
were difficult to distinguish from anaplastic pancreatic
carcinomas. A case of melanoma had an artificial pseu-
dopapillary pattern in a young female patient, raising the
differential of solid pseudopapillary tumor. Carcinomas of
colorectal, mammary, and especially gastric origin were
often mistaken for a primary conventional ductal adeno-
carcinoma of the pancreas, due to formation of tubular
elements and desmoplastic stroma. A case of Merkel cell
carcinoma was originally mistaken for a primary endo-
crine carcinoma of the pancreas, and one example of clear
cell ovarian carcinoma was misinterpreted as serous cyst-
adenocarcinoma. We also observed colonization of the
ductal epithelium by metastatic tumor cells in some of our
cases. Both intraductal growth and pagetoid spread to the
ducts have been reported in the literature as well [53]. Fat
necrosis and other signs of pancreatic injury may be seen
[63]. Secondary dilatation of the ducts has also been ob-
served [62].

In summary, this study confirms that the most common
tumors that involve pancreas secondarily are carcinomas
of pulmonary and gastrointestinal origin, followed by
lymphomas, kidney tumors, and others. Secondary tumors
are responsible for almost half of the pancreatic masses
detected at autopsy. However, these are usually seen as a
part of widely disseminated disease and seldom cause
symptoms or signs that come to clinical attention. The
tumors that seem to cause the most difficulty in the dif-
ferential diagnosis with primary pancreas cancer (and,
hence, leading to surgical resections) are lymphomas,
renal cell carcinomas, melanomas, and, reportedly, also
colorectal carcinomas. These tend to be misdiagnosed be-
cause they often form solitary lesions in the pancreas,
often in the absence of any detectable masses elsewhere.
Secondary tumors of the pancreas ought to be considered
in both the clinical, radiological, and pathological dif-
ferential diagnosis of pancreatic lesions.
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Abstract Duodenal carcinomas, such as ampullary tu-
mors, may be a heterogeneous group of neoplasms that
share differentiation features with gastric or colorectal
carcinomas. Because of the cell- and tissue-specific ex-
pression patterns of mucins and trefoil peptides, these
markers were used to investigate the differentiation status
of duodenal and ampullary carcinomas in comparison
with gastric and colorectal carcinomas. Adenocarcinomas
(14 duodenal, 10 gastric, 11 ampullary and 10 colorectal)
were examined immunohistochemically for the mucin
gene products MUC1, MUC2, MUC5AC, MUC6 and the
trefoil peptides TFF1 and TFF2. The tumors’ expression
profile for MUC5AC, MUC6 and TFF1 was used to
distinguish between gastric- and intestinal-directed dif-
ferentiation. The mucins that were most often expressed
in the individual tumor types were MUC1 (duodenal and
ampullary carcinomas), MUC2 (colorectal carcinomas)
and MUC5AC (gastric carcinomas). Further classification
focusing on the expression profile for MUC5AC, MUC6
and TFF1 revealed that 21% of the duodenal and 45% of
the ampullary carcinomas demonstrated mainly gastric
differentiation (positivity for all three markers or only two
of them). The remaining duodenal and ampullary carci-
nomas showed nongastric, i.e., intestinal differentiation
(all three markers negative or only one marker positive).
The gastric differentiation pattern characterized 60% of
gastric carcinomas. Colorectal carcinomas showed intes-
tinal differentiation in 100% of cases. Duodenal carci-
nomas have a heterogeneous mucin expression pattern
that is mainly related to either gastric differentiation or

intestinal differentiation. This also holds for ampullary
carcinomas. Among the markers used, MUC5AC, MUC6
and TFF1 are most useful for revealing differentiation
pathways in duodenal and ampullary carcinoma.

Keywords Duodenal carcinomas · Ampullary
carcinomas · MUC expression · MUC1 · MUC2 ·
MUC5AC · MUC6 · Trefoil peptides

Introduction

Adenocarcinomas of the small intestine are remarkably
rare, accounting for only 2% of all intestinal carcinomas
[11]. Their epidemiological features, however, are com-
parable with those of colorectal carcinomas. Duodenal
carcinomas reach their peak incidence in patients between
the ages of 60 years and 70 years and show an almost
equal gender distribution. Risk factors include diets rich
in fat, cigarette smoking, alcohol intake, cholecystectomy,
peptic ulcer disease, Crohn’s disease and familial ade-
nomatous polyposis [19]. The 5-year survival rate is
30.5%. Histopathologically, most duodenal cancers are
mucin-producing adenocarcinomas, 34% of which are
poorly differentiated [11, 22]. They occur most com-
monly in the proximal duodenum and particularly in the
periampullary region [4, 18, 26]. Like their counterparts
in the colorectum, they can originate from adenomas us-
ing the adenomatous polyposis coli (APC) mutation
pathway [1].

Although the duodenum is part of the intestine, its
embryological origin from the foregut, the existence of
Brunner’s glands and the gastric metaplasia potential of
the mucosa may cause differences in the immunopheno-
typical profile. The ampulla of Vater also has a special
anatomical localization, representing a crossroads be-
tween pancreaticobiliary and intestinal differentiation
[5]. It would, therefore, be interesting to analyze whether
different types of duodenal carcinomas may be distin-
guished on the basis of their phenotypical features and
how duodenal carcinomas compare with ampullary car-
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cinomas. To this purpose, we investigated the expression
of two groups of distinct phenotypical markers, mucin
gene products (MUCs) and trefoil peptides (TFFs).

Mucins are glycoproteins characterized by high mo-
lecular mass, high carbohydrate content and marked
heterogeneity involving both the apoprotein and the
oligosaccaride side chains [8, 9]. Mucin (MUC) genes are
expressed in a regulated cell-and tissue-specific manner.
In the gut, MUC5AC and MUC6 are expressed in the
gastric mucosa and MUC2 is expressed in goblet cells of
the intestinal mucosa [28]. TFFs constitute a group of
small secretory peptides bearing one or more trefoil
structural motifs (P-domains) [16]. TFF1 (pS2) co-local-
izes with MUC5AC in the superficial epithelium of antral
and oxyntic glands, and TFF2 (hSP) is expressed together
with MUC6 in the mucous neck cells of the oxyntic
mucosa, in the pyloric glands of the antrum and in the
pancreatic ductal epithelium [13, 29, 30].

In this study, we compared the MUC2, MUC5AC,
MUC6, TFF1 and TFF2 expression profiles in primary
duodenal carcinomas with those in ampullary, gastric and
colorectal carcinomas. Since MUC5AC, MUC 6 and TFF1
were strongly expressed in the non-neoplastic stomach, we
interpreted the positivity for all three markers or only two
of them as a sign of gastric differentiation. Negativity for
the markers was regarded as nongastric, i.e., intestinal
differentiation [28, 30].

Materials and methods

The tumors reviewed in this series were retrieved from the surgical
pathology files and the consultation files of the Department of
Pathology of the University of Kiel. Clinical information was ob-
tained from the patients’ records. The review spanned the period
from 1978 to 2001. We examined 14 primary duodenal adenocar-
cinomas, 11 ampullary adenocarcinomas, 10 colorectal adenocar-
cinomas (2 from the caecum, 1 from the ascendant colon, 1 from
the transverse colon, 2 from the descendent colon, 3 from the
sigmoid colon and 1 from the rectum) and 10 gastric adenocarci-
nomas (5 of the intestinal type and 5 of the diffuse type according
to Lauren’s classification). The tumors were classified according to
the World Health Organization classification (WHO classification
pathology and genetics tumors of the digestive system 2000). One
appropriate tissue block was selected from each tumor for the im-
munohistochemical evaluation.

From each paraffin-embedded tissue block, 4-�m sections were
cut. The sections were deparaffinized, washed with tap water and
boiled in citrate-buffered saline for 3.5 min for antigen retrieval.
This was followed by staining with antibodies to MUC1 (Ma695

Novocastra, Newcastle, UK), MUC2 (Ccp58 Novocastra),
MUC5AC (CLH2 Chemicon, Temecula, CA, USA), MUC6 (CLH5
Novocastra) and TFF1 and TFF2 (pS2 and hSP, kindly provided by
G. Elia). Monoclonal antibodies were used for MUC1, MUC2,
MUC5AC, MUC6 and TFF1, and a polyclonal antibody was used
for TFF2. To improve the staining sensitivity, a 3,30-diaminoben-
zidine-enhanced detection kit (Ventana Medical Systems, Tucson,
AZ, USA) and an amplification kit (Ventana) were used. Antibody
detection was performed by adding biotinylated secondary anti-
bodies, avidin-biotin complex and 3,30-diaminobenzidine. Negative
controls were run with non-immune serum and positive controls
with the appropriate tissue.

Following the suggestion of Nougeira et al. [20], we used the
expression of MUC5AC and TFF1 as criterion for gastric differ-
entiation. As a third marker, MUC6 was added. Tumors that ex-
pressed all three markers, or two of them, were classified as
showing gastric-type differentiation. Cases that lacked MUC5AC,
MUC6 and TFF1 expression or were positive for only one marker
were classified as non-gastric, i.e., intestinal-type differentiation.
An immunoreaction in more than 5% of the tumor cells was con-
sidered as positive.

The various immunostaining data were compared using the chi
square test (using SPSS 11.0 for Windows). P values less than 0.05
were considered significant.

Results

The 14 patients with duodenal adenocarcinomas included
11 females and 3 males with an average age of 60.7 years
(range between 40 years and 78 years). All were localized
in the vicinity of the papilla of Vater, without involving it.
Four were well differentiated, eight moderately and two
poorly differentiated. An intestinal type of adenocarci-
noma was recognized in eight tumors; six tumors, all
moderately and poorly differentiated, showed an unspe-
cific pattern, and one of these latter tumors displayed
focal basaloid and squamous differentiation. Two intes-
tinal-type carcinomas were associated with tubulovillous
adenomas.

Ampullary carcinomas (n=11) were examined. Seven
occurred in female and four in male patients with an
average age of 71 years (range between 51 years and
80 years). They involved the ampulla or both the ampulla
and the periampullary mucosa. Two were well differen-
tiated, seven moderately differentiated and two poorly
differentiated. Five corresponded to the intestinal type of
adenocarcinoma (three with remnants of adenomas), and
four corresponded to the pancreatobiliary type; one was a
mixed type, and another one was a mucinous carcinoma
with a signet-ring cell component [5].

Table 1 Mucin gene product
(MUC) and trefoil peptide
(TFF) expression and percent-
ages (%) in adenocarcinomas of
the duodenum, ampulla of Va-
ter, stomach and colorectum. P
values were calculated by
comparing the various MUC
and TFF data in the four tumor
groups using the chi square test

MUC1 MUC2 MUC5AC MUC6 TFF1 TFF2

Duodenal
carcinoma

11/14 (78.6) 10/14 (71.4) 5/14 (35.7) 5/14 (35.7) 5/14 (35.7) 1/14 (7.1)

Ampullary
carcinoma

8/11 (72.7) 3/11 (27.3) 6/11 (54.5) 5/11 (45.5) 1/11 (9) 1/11 (9)

Gastric
carcinoma

7/10 (70) 6/10 (60) 8/10 (80) 2/10 (20) 6/10 (60) 3 /10 (30)

Colorectal
carcinoma

4/10 (40) 10/10 (100) 2/10 (20) 0/10 (0) 0/10 (0) 0/10 (0)

P< 0.236 0.006 0.041 0.092 0.107 0.001
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Table 1 summarizes the detailed results of the MUC
and TFF staining in the various tumors. MUC1 positivity
was most common in duodenal and ampullary carcinomas.
Of the tumor cells, 20–90% showed either intracytoplas-
mic and/or luminal staining. MUC2 expression was most
frequent in colorectal carcinomas (100%), followed by
duodenal, gastric and ampullary carcinomas. MUC2 was
expressed in the cytoplasm of most cells of the colorectal
carcinomas, while in the other tumors, the proportion of
stained cells ranged between 30% and 70%. MUC5AC
was positive in most gastric carcinomas (80%) and in a
significant number of ampullary (54.5%) and duodenal
(35.7%) carcinomas, but rare in colorectal carcinomas
(20%) (Fig. 1 and Fig. 2). MUC6 expression was com-
pletely lacking in colorectal carcinomas, but was seen in
ampullary, duodenal and gastric carcinomas, where it was
generally focal and faint (Fig. 3). TFF1 immunoreactivity

was also lacking in colorectal carcinomas, but was found
in duodenal and gastric carcinomas (Fig. 4). The single
ampullary carcinoma that was positive for TFF1 showed
mucinous differentiation. TFF1 expression was intracyto-
plasmic, with an apical concentration in some cases. TFF2
was rarely observed and only seen in single duodenal,
gastric and ampullary carcinomas, where it was focally
and faintly expressed. When we compared the results of
MUC and TFF expression in duodenal, ampullary, gastric
and colorectal tumors, the differences between the data
on MUC2 (P>0.006), MUC5AC (P>0.041) and TFF2
(P>0.001) expression were statistically significant (Ta-
ble 1).

Table 2 summarizes the data on the combined ex-
pression of MUC5AC, MUC6 and TFF1. A gastric pattern
(positivity for three markers or two of them) was found
in 60% of gastric carcinomas and in 45% of ampullary

Fig. 1 MUC5AC expression in a duodenal adenocarcinoma.
(MUC5AC immunostaining �50)

Fig. 2 MUC5AC expression in an ampullary adenocarcinoma
(MUC5AC immunostaining �50)

Fig. 3 MUC6 expression in a duodenal carcinoma and MUC6
immunoreactivity of Brunner’s glands in the adjacent mucosa
(MUC6 immunostaining �50)

Fig. 4 Focal and faint intracytoplasmic and apical trefoil peptide 1
expression in a duodenal carcinoma
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carcinomas, followed by duodenal carcinomas (21%).
Three of the five ampullary carcinomas were histologi-
cally classified as pancreatobiliary type, one as mixed
type and another one as mucinous type. The three duo-
denal carcinomas represented adenocarcinomas without
typical intestinal features.

A nongastric, i.e., intestinal pattern, characterized all
colorectal carcinomas (100%), but was also seen in 40%
of the gastric carcinomas, 55% of the ampullary carci-
nomas and 79% of the duodenal carcinomas (Table 2).
Three of the four gastric carcinomas displayed positivity
for at least one marker. Five ampullary carcinomas
showed the histological features of the intestinal type, and
one showed features of the pancreatobiliary type [5].
Most (9 of 11) duodenal carcinomas were classified as
intestinal-type carcinomas; two were adenocarcinomas
with an uncharacteristic pattern.

Non-neoplastic duodenal mucosa was observed adja-
cent to tumors in 21 cases. The goblet cells stained for
MUC2 and MUC5AC and Brunner’s glands for MUC6
and TFF2 (Fig. 3). Occasionally, a few superficial mucosa
cells were labeled by MUC6 and TFF2. In 7 of 21 cases,
the duodenal mucosa contained foci of gastric metaplasia,
which stained brightly for MUC5AC and TFF1 (Fig. 5).

In 14 cases, the non-tumorous tissue also contained
pancreatic parenchyma, which included portions of the
bile duct and pancreatic duct. In 11 cases, the pancreatic
duct showed hyperplastic lesions, which stained for MU-
C5AC and, in 6 cases, also for MUC2. TFF1 expression
was found in the normal duct epithelium and hyperplastic
mucosa of 9 cases and TFF2 expression in the ductal
epithelium of all cases except one.

Non-neoplastic gastric mucosa was observed in all
cases. MUC1, MUC2, MUC5AC, MUC6, TFF1 and
TFF2 expression was observed in their known locations.
MUC2 stained intestinal metaplastic foci.

Non-neoplastic colonic mucosa was observed in eight
cases. Focal MUC5AC immunoreactivity was detected in
half of the cases in both goblet cells and mucous cells,
while there was no MUC1, MUC6, TFF1 and TFF2 ex-
pression.

Discussion

In this study, we found that the MUC5AC, MUC6 and
TFF1 expression patterns of duodenal carcinomas allow
them to be separated into two groups that are more closely
related to either gastric differentiation or intestinal dif-
ferentiation. A similar tendency is seen in ampullary
carcinomas.

A number of studies have revealed that gastric carci-
nomas are characterized either by the expression of
MUC1, if they belong to the intestinal type according to
Lauren’s classification, or by MUC2 and MUC5AC, if
they are classified as diffuse type [10, 16, 23, 24]. Co-
lorectal carcinomas were found to express MUC2 in al-
most all cases and, to a lesser degree, also MUC1 and
MUC5AC [6, 12, 15, 17, 27]. Our study confirms these
data and, in addition, shows that duodenal carcinomas and
ampullary carcinomas also express MUC1, MUC2 and
MUC5AC in many cases. This indicates that they may
share differentiation features with gastric or colorectal
carcinomas and, therefore, may have their roots in both
the gastric and the intestinal differentiation pathway, an
idea that has also emerged from recent studies on the
molecular genetics of duodenal and ampullary carcinomas
[3].

To find out whether a further breakdown of the ex-
pression data for MUCs and TFFs can identify subtypes
of duodenal and ampullary carcinomas, we followed the
suggestion of Nogueira [20] and used the combination of
MUC5AC and TFF1 as a criterion for gastric differenti-
ation. As a further marker, we added MUC6 because of its
consistent expression in the mucous cells of the neck of
oxyntic mucosa crypts and in antral glands [20, 30]. Using
this set of markers, we separated duodenal and ampullary
carcinomas that were positive for MUC5AC, MUC6 and
TFF1 or either two of the three markers from those that
were MUC5AC, MUC6 and TFF1 negative. The group of
duodenal and ampullary carcinomas that stained for
MUC5AC, MUC6 and TFF1 or two of them were re-
garded as tumors that were related to mainly gastric dif-

Table 2 Gastric and nongastric (i.e., intestinal) differentiation of
duodenal, ampullary, gastric and colorectal carcinomas according
to their MUC5AC, MUC6 and trefoil peptide 1 (TFF1) expression.
GD gastric differentiation. NGD nongastric differentiation

MUC5AC, MUC6 and TFF1 GD* (%)# NGD**(%)
Duodenal carcinoma 3/14 (21.4) 11/14 (78.6)
Ampullary carcinoma 5/11 (45.4) 6/11 (54.6)
Gastric carcinoma 6/10 (60) 4/10 (40)
Colorectal carcinoma 0/10 (0) 10/10 (100)

* Positivity for MUC5AC, MUC6 and TFF1, or two of the three
markers
** Positivity for one of the three markers or negativity for all
markers
# Comparison of the gastric differentiation of the tumor groups (chi
square test) revealed statistical significance (P<0.018)

Fig. 5 MUC5AC immunostaining of a focus of gastric metaplasia
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ferentiation, since 60% of the gastric carcinomas but none
of the colorectal carcinomas revealed the same marker
set. Duodenal and ampullary carcinomas that were neg-
ative for all or two of the three markers corresponded to
colorectal carcinomas and were hence classified as tumors
of the intestinal type.

Almost 80% of the duodenal and 55% of the ampullary
carcinomas failed to stain for MUC5AC, MUC6 and
TFF1 or two of these three markers and were, therefore,
classified as intestinal-type tumors. Histopathologically,
the majority (85%) of these tumors resembled the usual
colorectal carcinomas, and five of them were also asso-
ciated with tubulovillous adenomas. The remaining duo-
denal and ampullary carcinomas, which were positive for
MUC5AC, MUC6 and TFF1 (or two of these markers)
and were regarded as gastric-type tumors, showed a his-
tological pattern that was either unspecific (duodenal
carcinomas) or of the pancreatobiliary type (ampullary
carcinomas) [5], indicating that there is a rough correla-
tion between the histopathological and immunopheno-
typical features of the carcinomas.

As to the origin of duodenal carcinomas with mainly
gastric differentiation, it is interesting to note that the foci
of gastric metaplasia that were encountered in the vicinity
of the tumor in one-third of the cases expressed MUC5AC
and TFF1. Moreover, a recent study located the meta-
plastic foci to the neck of the Brunner’s gland ducts,
which stain for MUC6 [14]. It is, therefore, tempting to
speculate that the gastric-type duodenal carcinomas may
develop from these special metaplastic areas of the duo-
denal mucosa, where cells expressing MUC5AC, MUC6
and TFF1 occur. It is of interest in this context that
MUC5AC and TFF1 expression also seems to be a marker
of altered/metaplastic non-neoplastic mucosa of the small
and large intestine [7, 21, 31].

The normal enterocytes of the duodenal mucosa are,
with occasional exceptions, negative for the markers
MUC5AC, MUC6 and TFF1, and only the goblet cells
express MUC2 and MUC5AC. As about 80% of the du-
odenal and 50% of the ampullary carcinomas are also
negative for these markers, these tumors may arise from
reserve cells that may follow the enterocyte differentia-
tion pathway. Further support for this notion comes from
the fact that tubulovillous adenomas of the duodenum,
which may also arise from reserve cells and are known to
precede carcinomas, were observed in association with
two of the intestinal-type carcinomas.

Recent studies on the genetic profile of duodenal
carcinomas revealed two different patterns of changes [3].
The first group of tumors was characterized by K-ras and
p53 alterations as well as allelic losses at chromosomes
3p, 5q, 17p and 18q—changes that are similar to those
observed in colorectal carcinomas. The second group was
distinguished by high levels of microsatellite instability
and mutations in the TGF-bRII gene—changes charac-
teristic of the so-called mutator-phenotype pathway [3].
Although correlative studies combining the molecular
data with MUC- and TFF-expression patterns are thus far
lacking, it may be speculated that the duodenal carcino-

mas with gastric differentiation features are associated
with the mutator phenotype, whereas the intestinal-type
duodenal carcinomas follow the molecular pathway of
carcinogenesis for colorectal carcinomas.

In ampullary carcinomas, it has been found that there
is a group of tumors that share common molecular path-
ways (mutations and/or deletions of K-ras, p16, p53 and
DPC4) with ductal adenocarcinomas of the pancreas and
may have a poor prognosis in the case of an allelic loss at
chromosome 17p [25]. Apart from these tumors, there are
other ampullary carcinomas that show mutations in the
APC gene [1] or high levels of microsatellite instability
[2]. As in duodenal carcinomas, these data suggest that
there could be an association between the molecular data
and the differentiation status of ampullary carcinomas.

In summary, we found that duodenal carcinomas differ
in their MUC- and TFF-expression patterns and may be
separated into two groups, one with mainly gastric dif-
ferentiation and another with mainly intestinal differen-
tiation. This also seems to be the case for ampullary
carcinomas. These data, combined with the results of
molecular studies, support the hypothesis that at least two
types of duodenal and ampullary carcinomas exist. Since,
in a number of cases, the distinction between gastric and
intestinal differentiation was not clear-cut, the possibility
must also be considered that some of the duodenal and
ampullary tumors have a dual differentiation.
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Abstract Pulmonary carcinosarcomas are typified by the
rare histological combination of mixed epithelial and mes-
enchymal malignant tumor cells. The author has experi-
enced three cases of pulmonary carcinosarcomas with
large mass formation. Case 1 was the combination of
adenocarcinoma with focal squamous cell differentiation
and chondrosarcoma. In case 2, adenocarcinoma was
combined with rhabdomyosarcoma. Case 3 demonstrated
a large cell neuroendocrine carcinoma and rhabdomyo-
sarcoma. The immunohistochemical findings showed that
many of the carcinoma cells in case 3 and some carcinoma
cells in case 2 demonstrated neuroendocrine cell differ-
entiation. The nuclei in all sarcoma cells stained defini-
tively positive for the transcription factor MEF-2. Many of
the lineage-specific transcription factors for lung devel-
opment were not distributed in the tumor tissue. Ultra-
structurally, in all three cases, cell-to-cell (forming cellular
junctions), cell-to-matrix, and epithelial-mesenchymal in-
teractions were seen. In the interface or boundary between
the carcinoma cell nests and the matrix-embedded sar-
coma cells, well-developed basal lamina and fibroblastic
spindle cells were frequently seen, with an appearance
similar to primitive fibroblastic or mesenchymal cells, ex-
tending thin cytoplasmic process around the carcinoma
cell nests. In summary, carcinosarcoma cells interacted
with each other and with their extracellular matrix, re-
vealed MEF-2 in the sarcoma cells, and showed unique
histological findings associated with a variety of pheno-
typic differentiation patterns very different from normal
lung development.

Keywords MEF-2 · Pulmonary carcinosarcoma ·
Electron microscopy · Rhabdomyosarcoma ·
Chondrosarcoma

Introduction

Among the entire repertoire of lung tumors, pulmonary
carcinosarcomas alone show the very rare histological
pattern in which mixed epithelial and mesenchymal ma-
lignant tumor cells are combined [3, 6, 11, 16]. The
pulmonary blastoma, although related to the pulmonary
carcinosarcoma, and demonstrating a well-known and
unique histological entity, differs greatly from it. Whereas
the former mimics the branching stage of the histology of
normal lung development with an organized combination
of epithelial glands and immature mesenchymal compo-
nents [3, 6, 11, 16, 21, 22], the latter demonstrates a much
more heterogeneous (heterologous or homologous) de-
velopment, which is distorted or greatly deviates from
normal lung development, with the combination of well-
differentiated or poorly differentiated epithelial malig-
nancy and heterogeneous malignant mesenchymal com-
ponents[3, 6, 11, 16, 21, 22]. The author has experienced
three cases of very rare pulmonary carcinosarcoma, and
this study evaluated in detail their immunohistochemical
and ultrastructural features.

Recently in molecular embryology of the lung or other
tissues and organs, great progress has been made in sig-
nificant molecular determinants of the growth and de-
velopment process [9, 18, 19]. In normal lung epithelial
development, through the possible interaction with their
mesenchymal components, TTF-1, GATA-6, Gli-1, HNF-
3 alpha, and HNF-3 beta were assumed to play the key
roles and regulate the expression of surfactant proteins
and some lineage-specific marker proteins for airway
epithelial cell differentiation [18, 19]. The expression of
these factors in lung diseases and tumors, however, re-
mains to be clarified, although it has begun to be reported
in some lung epithelial tumor pathology [21]. As for
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mesenchymal differentiation, MEF-2 has become recog-
nized as one of the well-known examples of the key
transcription factors for myogenic differentiation, in ad-
dition to MyoD1 and chondrogenic differentiation for
Sox9 [7, 9, 15, 20]. In contrast to the skeletal muscle
specificity of myogenic basic helix-loop-helix transcrip-
tion factors (MyoD family), MEF-2 factors are reportedly
expressed not only in skeletal, cardiac, and smooth
muscle cells but also in neurons and at lower levels in
several other cell types in the physiological develop-
mental process [9, 17]. The expression of MEF-2 may be
used as a sensitive marker of for the diagnosis of their
malignant or neoplastic counterparts, and their distribu-
tion should be clarified. Part of the information was
provided by the previous reports [10, 22]. The importance
of MEF-2 to characterize the tumors should be empha-
sized in more detail.

Using immunohistochemical techniques, the author
attempted to demonstrate the distribution of significant
phenotypic molecules including the transcription factors,
which are significant in the lung or other tissue morpho-
genesis and cell differentiation, and to clarify the differ-
entiation status of tumor cells comparing them with the
normal developmental process to realize their histogene-
sis. Furthermore, the implications of the frequent ultra-
structural features, correlated with light microscopic im-
munohistochemistry in the tumor tissue, were pursued.
The correlative mesenchymo–epithelial interactions in pul-
monary carcinosarcoma to tumor cell differentiation were
analyzed.

Materials and methods

Patients

As shown in Table 1, three cases were filed in the archives of the
Department of Pathology. Two were females on whom excisional
surgery had been performed, and one was a male who had under-
gone postmortem autopsy. All tumors had been over approximately
5 cm in diameter. The autopsy case and one surgical case had

metastatic foci. In the two surgical cases, no recurrent or metastatic
foci were found during the post-excisional surgery follow-up for
over 5 months until this description. The autopsy case died of
generalized metastasis of the tumor.

Tissue samples

Tumors tissue specimens from three patients were fixed in 15%
neutral formalin, embedded in paraffin, and were allocated to
conventional light microscopy and immunohistochemistry. For
transmission electron microscopy, part of the tumor tissues were
fixed in phosphate buttered 2.5% glutaraldehyde [10, 21, 22].

Light microscopy and immunohistochemistry

Tissue specimens were processed according to conventional his-
tological techniques for subsequent sectioning and staining in he-
matoxylin and eosin (H&E), PAS (periodic acid Schiff), and Alcian
blue. For immunohistochemistry, the primary antibodies listed in
Table 2 were applied in this study so as to clarify and add value to
the origin and nature of the neoplastic cells. Immunostaining was
done with and without antigen-retrieval techniques [10, 21, 22].

Electron microscopy

Samples of the tumor tissue were fixed in phosphate-buffered 2.5%
glutaraldehyde, then osmium tetroxide, and embedded in epoxy
resin following conventional procedures. Ultrathin sections were
stained with uranyl acetate and lead citrate and examined under a
JEOL 1200EXII electron microscope [10, 21, 22].

Results

Light microscopy

Histological examination of the tissue specimens in all
three cases confirmed the diagnosis of pulmonary carci-
nosarcoma. The dominant histological pattern of case 1
was adenocarcinoma with focal squamous cell differ-
entiation plus chondrosarcoma (Fig. 1A). In case 2,
adenocarcinoma was identified plus rhabdomyosarcoma
(Fig. 1B). The tumor in case 3 was identified as large cell

Table 1 Patients, clinical features, and methods of determination of the pulmonary carcinosarcomas

Case
no.

Age
(years)/sex
at surgery
or autopsy

Number and size
of the primary tumor

Metastatic site Clinical features Dominant histological
pattern

Method of
determination

1 72/Female Single, 5�5�4 cm,
rounded mass

Right, S2
(none)

Rapidly growing lung
mass, surviving after
excisional surgery of the
right lung (p-T2N0M0).
Surgical case

Adenocarcinoma with
focal squamous cell
differentiation plus
chondrosarcoma

TEM, IHC

2 60/Female Single, 6.5�6�6.5 cm,
rounded mass

Right, S1–2
hilar lymph
node

Lung tumor with hemo-
sputum, surviving after
excisional surgery of the
right lung (p-T2N2M0).
Surgical case

Adenocarcinoma plus
rhabdomyosarcoma

TEM, IHC

3 62/Male Single, 9�7�9 cm,
rounded mass, exten-
sively invading the
lung and pleura

Left, S6
(generalized)

Died of generalized
metastasis of lung tumor.
Autopsy case

Large-cell neuroendo-
crine cell carcinoma
plus rhabdomyosarcoma

TEM, IHC
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neuroendocrine carcinoma with small tubular gland for-
mation plus rhabdomyosarcoma with occasional defini-
tive cross striations in the tumor cells (Fig. 1C, D). In
the metastatic foci, either sarcoma, carcinoma, or carci-
nosarcomatous histology could be seen. In all three cases,
pure carcinoma areas were seen at the periphery or rim of

the tumor and accounted for approximately 5–30% of the
total area of the main tumor.

PAS and Alcian blue stain revealed distribution of
mucin in most of the adenocarcinoma cells in case 1 and
case 2. A small number of cells in case 3 with tubular
structure formation stained positive for mucin in the same

Table 2 The results of the immunostaining for epithelial and mesenchymal components of three pulmonary carcinosarcomas

Antibodies: categories or rationale of
use (commercial sources)

Case 1 Case 2 Case 3

Epithelial
component

Mesenchymal
component

Epithelial
component

Mesenchymal
component

Epithelial
component

Mesenchymal
component

Adeno-
carcinoma
adenosqua-
mous
carcinoma

Chondro-
sarcoma

Adeno-
carcinoma

Rhabdomyo-
sarcoma

Large cell
neuro-
endocrine
carcinoma

Rhabdomyo-
sarcoma

Organella Mitochondria
(CHEMICON,
Temecula, CA)

Negative (�) Negative (�) Negative (�) Positive (+++) Negative (�) Positive (++)

Myogenic
differentia-
tion

Myoglobin (Dako,
Glostrup, Denmark)

Negative (�) Negative (�) Negative (�) Positive (+++) Negative (�) Positive (+++)

a-SMA (Dako) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)
HHF-35 (Enzo,
New York, USA)

Negative (�) Negative (�) Negative (�) Positive (+++) Negative (�) Positive (++)

Desmin (Dako) Negative (�) Focally posi-
tive (+)

Negative (�) Positive (++) Negative (�) Positive (++)

Mesenchymal
cytoskeleton

Vimentin (Dako) Negative (�) Positive (++) Negative (�) Positive (+++) Negative (�) Positive (++)

Neurogenic
differentia-
tion

Neuron specific
enolase (NSE, Dako)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

S-100 (Dako) Mostly
negative (�)

Positive (++) Negative (�) Occasionally
positive (+)

Negative (�) Occasionally
positive (+)

Membrane-
bound
receptor

c-kit
(CALBIOCHEM)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

Pulmonary
epithelial
differentia-
tion

APA (surfactant
apoprotein A, Dako)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

SPB (surfactant pro-
tein B, Calbiochem)

Focally
positive (+)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

proSPC (prosurfactant
protein C, Research
Diagnostics, Flanders,
NJ)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

Common
epithelial
differentia-
tion

CEA (Mochida,
Tokyo, Japan)

Positive (++) Negative (�) Positive (++) Negative (�) Positive (+) Negative (�)

EMA (epithelial
membrane antigen,
Dako)

Positive (++) Negative (�) Positive (++) Negative (�) Positive (++) Negative (�)

Keratins PK (pankeratin,
AE1-AE3, Dako)

Positive (++) Negative (�) Positive (++) Positive (+++) Positive (++) Negative (�)

34bE12 (high molecu-
lar weight cytokeratin,
Enzo)

Focally
positive (++)

Negative (�) Mostly
negative (�)

Negative (�) Mostly
negative (�)

Negative (�)

Cam 5.2 (low-molecu-
lar weight cytokeratin,
Becton Dickinson,
San Jose, CA)

Positive
(+++)

Negative (�) Positive (++) Negative (�) Positive (++) Negative (�)

CK7 (cytokeratin 7,
Dako)

Positive (++) Negative (�) Focally
positive (+)

Negative (�) Focally
positive (+)

Negative (�)

CK20 (cytokeratin 20,
Dako)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

Neuroendo-
crine differ-
entiation

Chromogranin Negative (�) Negative (�) Negative (�) Negative (�) Positive (++) Negative (�)
Synaptophysin (Dako) Negative (�) Negative (�) Focally posi-

tive (+)
Negative (�) Positive (++) Negative (�)

Glial inter-
mediate fiber

GFAP (Dako) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)
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manner. In case 1, a loose stromal matrix in the chon-
drosarcomatous areas was demonstrated with Alcian blue
stain.

Immunohistochemistry

The result of the immunohistochemical study was sum-
marized in Table 2. The sarcoma cells in case 1 stained
positively for the antigens or antibodies of vimentin,
MEF-2, CD10, and CD56 (Fig. 1F, G). Some sarcoma
cells in case 1 stained weakly or occasionally positively
for NSE, S-100 (Fig. 1E), and rarely for desmin. A small
number of sarcoma cells in case 1 stained positively for

CD57 (Leu7) and NSE, whereas the sarcoma cells in case
1 stained negatively for the other antibodies examined. In
the rhabdomyosarcomatous tissue in cases 2 and 3, sar-
coma cells stained strongly positive for myoglobin, vi-
mentin, HHF-35, desmin, CD10, and CD56 (Fig. 1J, K).
Some rhabdomyosarcoma cells showed positive staining
for S-100, NSE, CD57, and were very faintly positive for
MyoD1 (Fig. 1I). In particular, the nuclei of all sarcoma
cells studied in this study stained definitively positive
for the transcription factor MEF-2 (Fig. 1G, H), where-
as rhabdomyosarcoma cells from cases 2 and 3 stained
negatively for other antibodies examined. Particularly
noteworthy was that the sarcoma cells from all three
cases failed to stain positively for Nkx2.5, GATA4,

Table 2 (continued)

Antibodies: categories or rationale of
use (commercial sources)

Case 1 Case 2 Case 3

Epithelial
component

Mesenchymal
component

Epithelial
component

Mesenchymal
component

Epithelial
component

Mesenchymal
component

Adeno-
carcinoma
adenosqua-
mous
carcinoma

Chondro-
sarcoma

Adeno-
carcinoma

Rhabdomyo-
sarcoma

Large cell
neuro-
endocrine
carcinoma

Rhabdomyo-
sarcoma

Lineage-
specific
transcription
factors

GATA-6 (Santa Cruz
Biotechnology, Santa
Cruz, CA)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

TTF-1 Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)
Gli-1 (Santa Cruz
Biotechnology)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

MEF-2 (Santa Cruz
Biotechnology)

Negative (�) Positive (++) Negative (�) Positive (+++) Negative (�) Positive (++)

MyoD1 (Dako) Negative (�) Negative (�) Negative (�) Focally
Positive (+)

Negative (�) Focally
Positive (+)

Sox9 (Santa Cruz
Biotechnology)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

Cluster of
differentia-
tion(CD)
markers

CD10 (Novocastra,
Newcastle upon
Tyne, UK)

Focally
positive (+)

Positive (++) Negative (�) Positive (+) Negative (�) Positive (+)

CD34 (Dako) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)
CD56 (Novocastra) Negative (�) Positive (++) Negative (�) Positive (+) Negative (�) Positive (++)
CD57 (Leu7, Becton
Dickinson)

Negative (�) Mostly
negative (�)

Negative (�) Mostly
negative (�)

Negative (�) Mostly
negative (�)

Hormone
receptors

ER (Estrogen receptor,
Dako)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

PGR (Progesterone
receptor, Dako)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

Extracellular
matrix(ECM)

Type-II collagen
(LSL Co. LTD,
Tokyo, Japan)

Negative (�) Focally
positive (+)
in ECM

Negative (�) Negative (�) Negative (�) Negative (�)

Type-IV collagen
(Dako)

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Laminin (Dako) Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Positive (+)
in ECM

Cardiomyo-
genic-specific
transcription
factors

Nkx2.5 (Santa Cruz
Biotechnology)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

GATA4 (Santa Cruz
Biotechnology)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

eHAND (Santa Cruz
Biotechnology)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)

Others Parathyroid hormone-
related polypeptide
(PTHrP, Biogenesis,
Poole, UK)

Negative (�) Negative (�) Negative (�) Negative (�) Negative (�) Negative (�)
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eHAND, Sox9, and parathyroid hormone related poly-
peptide (PTHrP). In the stromal tissue of these three
cases, type-IV collagen and laminin were variously dis-
tributed in the stromal matrix. Type-II collagen was also
positive in the loose stromal matrix in the chondrosar-
comatous areas of case 1.

Carcinoma cells from all three cases showed positive
staining for the conventional epithelial markers CEA,
Cam 5.2, CK7, EMA, and PK, but all stained negatively
for the markers of mitochondria, myoglobin, vimentin,
S-100, c-kit, CK20, GFAP, HHF-35, MEF-2, MyoD1,
CD34, CD56, ER, and PGR. In the case of airway epi-
thelial differentiation markers (APA, SPB, and proSPC),
carcinoma cells revealed no positive stains. Many of the
carcinoma cells in case 3 and some carcinoma cells in
case 2, both of which had a rhabdomyosarcomatous com-
ponent in the tumor tissue, revealed strongly positive
staining for the neuroendocrine cell markers of chromo-
granin and synaptophysin (Fig. 1L). Lineage-specific
transcription factors for airway epithelial differentiation
(TTF-1, GATA-6, Gli-1) were all negative in cancer cells
from case 1 through case 3. Some carcinoma cells in case
1 showed positive staining for CD10, while other carci-
noma cells failed to reveal any positive staining. Some
carcinoma cells in case 1 with squamous differentiation
showed positive stains for 34bE12, while other carcinoma
cells revealed no positive stain. Positive staining for type-
II collagen was not conspicuous in the stroma of any of
the carcinoma area. The basement membrane consisted of
molecules of type-IV collagen, and laminin was dis-
tributed on the interface of the epithelial carcinoma and
surrounding stroma in the sarcomas. Transcription factors
Nkx2.5, GATA4, and eHAND, which are believed to be
specific for cardiomyocyte differentiation, were not seen
in the cancer cells. Parathyroid hormone related poly-
peptide(PTHrP) was not distributed in the cancer cells.
CD57(Leu7) and NSE were positive in a small number of
carcinoma cells from all three cases.

Electron microscopy

In case 1 (adenocarcinoma with squamous differentiation
plus chondrosarcoma), adenocarcinoma cells formed
cellular nests or irregular tubular glands. Primitive sar-
coma cells with spindle or satellite shaped cells prolifer-
ated in the surrounding loose extracellular matrix con-
taining fibrous collagen fibers and an abundant extracel-
lular matrix (Fig. 2A). In adenocarcinoma cells forming
small lumina, apico-lateral junctional complexes and
short apical microvillus-like cytoplasmic processes were
well-developed (Fig. 2A, B, D). In the cytoplasm of
carcinoma cells, mitochondria, free ribosomes, rough
endoplasmic reticulum (rER), and medium-sized secre-
tory or lysosomal granules with contents of medium
electron density were scattered in the cytoplasm (Fig. 2A,
B, C, E). In case 1 sarcoma cells, mitochondria-rER com-
plexes were frequently observed (Fig. 2C, F, G), in which
close associations of mitochondria with loops of the rER

were seen. The adjacent sarcoma cells frequently formed
primitive cellular junctions with opposing cytoplasmic
membranes having submembranous electron densities
(Fig. 2F, H).

In case 2 (adenocarcinoma plus rhabdomyosarcoma),
adenocarcinoma cells formed irregular cellular nests or
tubular glands with lumina (Fig. 3A). Cancer cells pro-
liferated in a pseudostratified fashion with ill-developed
short apical microvillus-like cytoplasmic processes and a
well-developed apico-lateral junctional complex (Fig. 3A,
B). In their apical cytoplasm large mucin-filled secretory
granules and subnuclear small granules were observed,
which were consistent with the occasional positive find-
ings in the light microscopic immunohistochemistry of
the glandular and/or neurosecretory differentiation—hy-
brid or amphicrine nature of carcinoma cells (Fig. 3B). In
sarcoma cells, proliferated tumor cells were seen with an
opaque swollen cytoplasm and an irregular nucleus, with
intracytoplasmic aggregation of myofilament with elec-
tron dense z-band-like structures (Fig. 3C, D). In case 3,
similar findings to case 2 of carcinoma plus rhabdomy-
osarcoma were seen, whereas in case 3, carcinoma cells
appeared more primitive with neurosecretory differentia-
tion compared with in the carcinoma cells in case 2
(Fig. 3E).

In all three cases, at the interface or boundary between
carcinoma and sarcoma cells, cell-to-matrices, and epi-
thelial–mesenchymal interactions were revealed by elec-
tron microscopy. At the interfaces between or boundaries
separating the nest of carcinoma cells and matrix-em-
bedded sarcoma cells, fibroblastic spindle cells were
frequently seen (Fig. 2A, B, C). They showed a primitive
fibroblastic or mesenchymal cell appearance, extending
thin cytoplasmic process and intimately associated with
the basal lamina of the carcinoma cell nest (Fig. 2A, B,
C). Sometimes, at the boundary of carcinoma cell nests,
well-developed basal lamina were directly associated with
abundant fibrous collagen and amorphous extracellular
matrix in the sarcomatous area (Fig. 2B, C, B, E).

Fig. 1 Light micrographs of the tumor cells of pulmonary carci-
nosarcoma. A Case 1. Hematoxylin and eosin stain (H&E), �95.
B Case 2. H&E stain, �95. C Case 3. H&E stain, �95. D Case 3.
Sarcoma cells with definitive cross striations and rhabdomy-
eloblastic differentiation. H&E stain, �950. E Case 1. Immuno-
histochemical stain for S-100 protein (S100). The staining results
for S100 are specific taking into account the nuclear positivity. �95.
F Case 1. Immunohistochemical stain for CD56. The membrane or
cytoplasm of sarcoma cells stains positively. �190. G Case 1.
Immunohistochemical stain for MEF-2. The staining results for
MEF-2 are specific taking into account the nuclear positivity. �190.
H Case 2. Immunohistochemical stain for MEF-2. Sarcoma cells
reveal nuclear positivity. �190. I Case 2. Immunohistochemical
stain for MyoD1. Some sarcoma cells stains faintly positive both in
their nuclei and cytoplasm. �190. J Case 2. Immunohistochemical
stain for desmin (DSM). Sarcoma cells stain positive in their cy-
toplasm. �190. K Case 2. Immunohistochemical stain for CD10.
Some sarcoma or mesenchymal cells stain positive in their mem-
brane or peripheral cytoplasm. �190. L Case 3. Immunohisto-
chemical stain for chromogranin A (CGA). Carcinoma cells stain
positive in their cytoplasm. �190
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Discussion

In this series of cases, the histopathological diagnosis of
pulmonary carcinosarcoma was verified by the fact of
definitive primary lung tumors with the uniquely com-
bined histology of mixed epithelial and mesenchymal
malignant tumor cells [3, 6, 11, 16]. The distinction from
pulmonary blastoma with heterogeneous stromal elements
is important, well recognized in the literature, and finely
illustrated by the World Health Organization Histological
Typing of Lung and Pleural Tumors (1999) [16]. Al-
though pulmonary blastoma could have occasionally foci
of osteosarcoma, chondrosarcoma, or rhabdomyosarco-
ma, the epithelial component has a distinctive primitive
appearance, often resembling well-differentiated fetal
adenocarcinoma [3, 6, 11, 16]. The latter finding is ab-
solutely inconspicuous in this series of pulmonary carci-
nosarcomas [3, 6, 11, 16].The sarcomatous component of
case 1 was assumed to be chondrogenic, since type-II
collagen and acid mucopolysaccharide (Alcian blue pos-
itive) were distributed in the rich and loose extracellular
matrix. Sometimes the presence of S-100 in the nuclei of
sarcoma cells is interpreted as chondrogenic differentia-
tion [4]. However, the sarcomatous components of case 2
and case 3 were definitively myogenic, since occasional
cross striations, vimentin, myoglobin, desmin and HHF35
are commonly used as sensitive markers of myogenic
differentiation, especially of rhabdomyosarcoma [4].

All the tumors in the present study were large, with
approximate diameters of more than 5 cm. When they
were identified, they were in the advanced stage of tumor
proliferation. The autopsy case and one of the surgical
cases had metastatic foci. The large tumor size at the
examination may reflect the chance of the occurrence of
frequent genetic changes and their accumulation during
tumor cell proliferation in the primary site of the lung [5].
The existence of a peripherally positioned pure carcinoma
component without any mixed mesenchymal component
may suggest the generation of carcinosarcomatous his-
tology from the conventional pre-existent carcinomatous
histology [5].

In the ultrastructure of sarcoma cells in case 1, fre-
quent mitochondrial associations could be observed [8].
When rERs are located near a supply of substrate, mito-
chondrial ATP generation is required. Their intimate as-
sociations sometimes form the mitochondria-rER com-
plex, in which close associations of mitochondria with
loops of rough endoplasmic reticulum were seen. Profiles
of rER wrapping around mitochondria are not as rare,
particularly in cells engaged in active protein synthesis
(for example, the pancreas), and juxtaposition of this or-
ganelle to a site of energy utilities has been reported to
occur [8]. It could be speculated that the proliferation of
this tumor cell was very active. In the active growing state
of the tumor, genetic mutations might have been accu-
mulated to reach the advanced level seen in the produc-
tion of the unique histology of the carcinosarcoma [5].

In sarcoma cells of the present study, the distribution
of CD56, CD10, and MEF-2 was shown using immuno-

histochemistry. Very faint staining for MyoD1 was ob-
served in some sarcoma cells of case 2 and case 3.
MyoD1 is reported to be strictly localized to the cellular
nuclei; hence background cytoplasm labeling should be
ignored as a spurious pattern of staining [4]. As for the
regulatory gene expression by lineage-specific transcrip-
tion factors, the recently introduced Sox9, which has
begun to be used for the diagnosis of chondrosarcoma, [7,
9, 20] was not present in the sarcoma cells of case 1. N-
CAM (CD56), which was present in the sarcoma cells of
case 1, is reported to be critical for chondrogenic differ-
entiation [9, 12, 13]. During the normal process of the
differentiation of myoblasts to into muscle cells, several
cadherins and CAMs mediate the cell alignment process
required for differentiation [9]. In the rhabdomyosarco-
matous tissue of case 2 and case 3, the distribution of
CD56 was absolutely confirmed [12, 13]. In the uterine
body, occurrence of the heterologous or homologous type
of carcinosarcoma is well known. The histological simi-
larity of the more common uterine carcinosarcoma to
pulmonary carcinosarcoma in the present study might be
interesting. Case 1 sarcoma cells expressed CD10. Re-
cently, the utility of CD10 in distinguishing between en-
dometrial stromal sarcoma and uterine smooth muscle
tumor was recognized [1, 2, 14].

It may well say that the staining results in the different
sarcomatous features of the three tumors only proves the
specificity of the antibody and should not be used as a
reference to illustrate the lineage of the tumor. Charac-
teristically, the nuclei of all sarcoma cells stained
definitively positive for the transcription factor MEF-2
[10, 15, 22], and immunostaining for MEF-2 was in-
tensely positive in all cases, irrespective of the histolog-
ical characteristics. Sarcoma cells showed strong immu-
noreactivity for MEF-2, thus suggesting that sarcoma
cells might present a different type of myogenic differ-
entiation from skeletal or smooth muscle cells. Although
the exact mechanism should be clarified in the future,
some intrathoracic sarcoma would stain positive for MEF-
2 [10, 15, 22]. In contrast to the skeletal muscle speci-
ficity of MyoD, MEF-2 factors are reportedly expressed
not only in skeletal, cardiac and smooth muscle cells, but
also in neurons and at lower levels in several other cell
types in the physiological developmental process [9, 17].
From the previous studies, the expression of MEF-2 may
be used as a sensitive marker of for the diagnosis of
certain tumors. Part of the information was provided by
the previous reports [10, 22]. It should be stressed that the
positive reaction of MEF-2 is so important in the regu-
lation of cellular differentiation of sarcomatous cells. The
importance of MEF-2 to characterize the tumors should
be emphasized in more detail in future studies. Tran-
scription factors of Nkx2.5, GATA4, and eHAND, which
are believed to be specific for cardiomyocytes (a kind of
striated muscle cell), were not seen in the differentiated
lineages in the rhabdomyosarcoma cells of the present
study [9, 10]. In the histological analysis of the present
sarcomatous component, certain transcription factors
might be useful to detect the lineage of differentiation.
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In normal lung development, mesenchymal signals
induce a specific lung epithelial phenotype [18, 19]. Of
high possible interest in this immunohistochemical study
was the fact that many of the carcinoma cells in case 3
and some carcinoma cells in case 2, both of which formed
a rhabdomyosarcomatous component in the tumor tissue,
revealed strong positive staining for the neuroendocrine
cell markers of chromogranin and synaptophysin. When
these findings are compared with previous reports of
pulmonary carcinosarcoma, neuroendocrine cell differ-
entiation in the carcinoma component of the present case
2 and case 3 is rather unique [3, 6, 11, 16]. However, no
carcinoma cells in the present study revealed the ex-

pression of airway epithelial cell differentiation-specific
transcription factors, TTF-1, GATA6, HNF3 alpha, and
HNF3 beta, nor any surfactant proteins (SPA, SPB, and
SPC) [18, 19, 20]. Pulmonary neuroendocrine cells are
among the first cells to differentiate in the primitive lung
epithelium [19]. In the interfaces of carcino-stromal and
carcino-sarcomatous area, amorphous matrices with im-
munohistochemical distribution of laminin and type-IV
collagen were seen. As for how mesenchymal–epithelial
interaction was achieved, some of the significant cell-to-
cell, cell-to-matrix, and epithelial–mesenchymal interac-
tions were revealed in this study by the electron micros-
copy and immunohistochemistry findings [8, 9, 18, 19].

Fig. 2 Transmission electron
photomicrographs of the pul-
monary carcinosarcoma tumor
cells from case 1. A Low-power
view of carcinosarcoma tissue.
A carcinoma cell nest with a
glandular lumen (L) with apical
microvilli. �1200. B Interface
or boundary between carcinoma
and sarcoma. B basal lamina.
Fibroblastic cells (F) at the
boundary. Carcinoma cells
formed a lumen. �4800. C In-
terface or boundary between
carcinoma and sarcoma. A mi-
tochondria-rER complex in a
sarcoma cell (arrowheads).
These organelles may look like
lysosomes, but they have de-
finitive cristae in the inner
structures to characterize the
mitochondria. �9500. D Apical
differentiation of carcinoma
cells with well-developed apical
cellular junctions and microvil-
li. �24,000. E Apical differen-
tiation of carcinoma cells with
secretory granules in the cyto-
plasm. �48,000. F Sarcoma
cells with primitive cellular
junctions (arrow) and a mito-
chondria-rER complex (arrow-
heads).The organella (arrow-
heads) may look like lyso-
somes, but they have definitive
cristae in the inner structures to
characterize the mitochondria.
�9500. G A high-power view of
the mitochondria-rER complex
in the a sarcoma cell in F.
Cristae to differentiate the mi-
tochondria from lysosomes and
myelin-like figure in the inter-
nal structure of the organella.
�24,000. H A high-power view
of primitive cellular junctions
between adjacent sarcoma cells.
�24,000
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In the interface or boundary between the nest of car-
cinoma cells and matrix-embedded sarcoma cells, well-
developed basal lamina and fibroblastic spindle cells were
frequently seen. They showed a primitive fibroblastic or
mesenchymal cell appearance, extending thin cytoplasmic
processes and being intimately associated with the basal

lamina of the carcinoma cell nests [8, 9]. Primitive cel-
lular junctions between adjacent sarcoma cells and well-
developed cellular junctional complexes between adjacent
cancer cells are assumed to be the definitive evidence of
cell-to-cell interactions between these cell types [8, 9].
Present ultrastructural studies revealed where the cell

Fig. 2 (continued)
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junctions were seen. Not only frequent desmosomes be-
tween squamous tumor cells could be seen, but also
primitive cellular junctions in sarcoma cells. Some cancer
cells formed a well-developed apico-lateral junctional
complex. Although the roles of cell junctions, missing of
cell junctions as well as the role of prominent cell junc-
tions and cell matrix interactions should be discussed in

more detail, it ought to be said that the cell junctions and
cell matrix interactions play an important role for mi-
gration and development of tumor cells [8, 9]. Well-
developed basal lamina connecting with the collagenous
or amorphous extracellular matrix which surrounded the
sarcoma cells could be assumed to be the evidence of cell-
to-matrix and epithelial–mesenchymal interactions in the

Fig. 2 (continued)
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present carcinosarcoma tissue [8, 9]. The importance of
the basement membrane in controlling cells had already
been reported in the previous literature with details.
Briefly, basement membrane, similar to other extracellu-
lar matrix, plays a role in assembling the extracellular
matrix, promoting cell adhesion and growth, changing
cell shape, and permitting cell migration [8, 9]. The
possible effect of cellular interactions in pulmonary car-
cinosarcoma on tumor cell differentiation was speculated
on in this histopathological, ultrastructural, and immu-
nohistochemical study [9, 18, 19].

To interpret the histogenesis of a certain tumor type
with a unique histology, exact comparison with the nor-
mal lineage-specific differentiation seems to be helpful,
and not just the use of simple markers for that certain
tumor, so that some reason could be advanced for the
immunohistochemical distribution or expression of cer-
tain molecules. In conclusion, in the pulmonary carcino-
sarcoma tissues in the present study, tumor cells inter-
acted with each other and with their extracellular matrix,
expressing the transcription factor MEF-2 and other
functionally significant molecules for their differentia-
tion. Subsequently they showed a unique histology and
phenotypic tumor cell differentiation completely different
from normal lung development and even pulmonary
blastoma with heterogeneous stromal elements [3, 6, 9,
11, 16, 18, 19, 21].
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Abstract Background: Bile salts (BSs) stimulate cholan-
giocyte proliferation in vitro and in vivo in normal rats. In
this study, we evaluated the effects of BS-enriched diets
on cholangiocyte proliferative activity already triggered
by partial bile-duct ligation (pBDL), a surgical model
that induces mild cholestatic conditions, focusing our at-
tention on ursodeoxycholate (UDC). Methods: Animals
(n=45) were fed either a standard diet, or a 0.2% de-

oxycholate- or 0.2% UDC-enriched diet for 4 weeks.
Then, in each group, ten animals underwent pBDL and
five underwent sham operation. Serum and biliary BS
levels, serum cholestasis and cytolysis indexes, as well as
liver conventional histology, apoptosis and proliferative
activity were evaluated 48 h after the operation. Results:
Animals that underwent pBDL showed sustained prolif-
erative response compared with sham-operated rats. BS-
enriched diets did not influence cholangiocyte prolifera-
tion in sham-operated rats. However, significantly in-
creased proliferation was observed in pBDL rats fed a
UDC-enriched diet. The evaluation of humoral and his-
tological parameters excluded the possibility that the in-
creased proliferation induced by UDC-enriched diet could
be related to concomitant liver cell damage. Conclusion:
A UDC-enriched diet is able to amplify the magnitude of
the cholangiocyte hyperplastic process, which occurs by a
stimulatory mechanism after partial bile-duct ligation.

Keywords Bile salts · Cholangiocyte proliferation ·
Cholestasis · Partial bile-duct ligation

Introduction

Bile-duct epithelial cells (cholangiocytes) are able to in-
tensely proliferate under several pathophysiological con-
ditions. In humans, their proliferative activity is particu-
larly stimulated in chronic cholestatic disorders [17, 28].
In animals, in addition to spontaneously occurring patho-
logical conditions, such as infectious diseases [15, 21,
25], cholangiocyte proliferation can be experimentally
induced using toxic agents [23, 32, 35], partial hepatec-
tomy [13] and total bile-duct ligation (tBDL) [33].

The development of the partial bile-duct ligation
(pBDL) model, i.e., the obstruction of lobar ducts drain-
ing 60% of the hepatic mass, demonstrated that this
condition triggers cholangiocyte proliferation both in
obstructed and freely draining lobes, suggesting that bile-
duct cell proliferation is under the control of humoral
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factors [27]. The demonstration that different hormones,
cytokines and growth factors stimulate proliferation of
cultured rat cholangiocytes and cholangiocyte-derived
cell lines further supports this hypothesis [5, 34].

The possible involvement of bile salts (BSs) in the
control of cell proliferation was first suggested by the
demonstration of their stimulatory effects on hepatocyte
replicative activity [7, 8, 9]. Subsequently, Alpini and
coworkers [1, 2] demonstrated both in vitro, in primary
cultures and in vivo (in intact animals fed BS-enriched
diets) that BSs are able to stimulate the proliferation of
bile-duct cells.

Finally, rats undergoing common bile-duct ligation
demonstrated reduced cholangiocyte damage and prolif-
eration following the administration of ursodeoxycholate
(UDC) [3, 19], a result that apparently is in contrast with
what is observed in UDC-fed mice [18].

The current study was aimed at evaluating, for the first
time, the ability of a UDC-supplemented (0.2% wt/wt)
diet to modulate rat cholangiocyte proliferative response
induced by pBDL, an animal model that determines
moderate cholestasis, thus making it an ideal condition to
test substances with potential stimulatory or inhibitory
effects. The expected results could be relevant to establish
whether the improvement observed in UDC-treated pa-
tients could derive not only from the reduction of liver
damage, but also from delaying the ductopenic end stage
by stimulating cell proliferation.

Preliminary data obtained using the tBDL model led us
to conclude that this model is unsuitable to evaluate the
effects of putative cholangiocyte growth factors, since it
induces a maximal proliferative response and, therefore,
is hardly, if not at all, susceptible to further amplification
(unpublished data). Paradoxically, it is known that some
growth factors can show inhibitory effects once utilized in
the presence of maximal proliferative stimuli [24].

In the current experimental setting, the use of uncon-
jugated UDC- and deoxycholate (DC)-enriched diets was
justified by the following observations:

a. Similar UDC- and DC-enriched diets determined the
maximal increase of proliferation in rat hepatocytes,
submaximally stimulated by 40% partial hepatectomy
[9]

b. The widespread therapeutic use of UDC makes it in-
teresting to investigate whether this BS is able to exert
stimulatory effects on cholangiocyte proliferation

To adequately investigate the effects of BS-enriched
diets on cell proliferation induced by pBDL, the latter
procedure followed a 4-week period of BS-enriched diet
in the animals. This made it possible to obtain consistent
BS pool modifications at the moment when the surgical
model triggers proliferation.

Materials and methods

Animals

Fischer (F-344) rats (n=45), weighing 100–125 g, were obtained
from Charles River, Calco (CO), Italy. They were kept in a tem-
perature- and light-controlled room (light on from 0700 hours to
1900 hours) for at least 1 week prior to being used and received
food and water ad libitum. All animals received human care in
compliance with the Italian National Research Council criteria.

Chemicals

DC, UDC and cholylglycine hydrolase from Clostridium Perfrin-
gens and 4-Bromo-methyl-7-methoxy-coumarin were purchased
from Sigma Chemical Company, St. Louis, MO (USA). Glycour-
sodeoxycholic acid and 7a,12a-dihydroxy-5b-cholanic acid were
purchased by Calbiochem Corporation, USA.

Dietary treatment and study design

All diets used in this study were purchased from Mucedola srl,
Settimo Milanese (MI), Italy. Rats were divided into three groups
of 15 animals each and received standard, 0.2% DC- and 0.2%
UDC-enriched diets, respectively, for 4 weeks before the operation
and for the following 2 days. Ten animals for each of the three
groups underwent pBDL as previously described [27], and five
underwent sham operation.

All surgical procedures were performed under metaphane an-
esthesia between 0830 hours and 0930 hours. The absence of ductal
cross-communication between obstructed and non-obstructed lobes
was proved with methylene blue injections in rats who underwent
pBDL as described elsewhere [27]. At the time of the maximal
proliferative response of cholangiocytes after pBDL [27], i.e., 48 h
after the operation, the common bile duct was cannulated, and the
bile was drawn for 10 min. Subsequently, blood was collected for
biochemical determinations, and the liver specimens were taken off
and fixed in 10% neutral buffered formalin for 12–24 h for histo-
logical and immunohistochemical evaluations.

Histological and immunohistochemical procedures

Following paraffin embedding, 2- to 4-mm-thick sections were cut
and stained with hematoxylin/eosin (H&E), periodic acid Schiff
and Gomori’s reticulin stain. Consecutive sections, collected on
silane-coated slides, were employed for the terminal deoxynucle-
otidyl transferase-mediated dUTP nick end labelling (TUNEL) and
immunohistochemical procedures.

The extent of the histological damage of the biliary tree was
independently evaluated by two observers (E.M. and A.P.) by
taking into account inflammatory infiltration, degenerative changes
and necrosis of both the hepatocellular and cholangiocellular
compartments, according to the scheme proposed by Attili et al. [6],
with appropriate modifications for our specific animal model. Each
of the above-mentioned features was scored in a 0–3 scale ac-
cording to the severity of damage (absent-low-moderate-severe).
Subsequently, the single scores of individual features were added to
express the extent of bile duct and/or lobular damage (absent=0;
0<weak�3; 3<moderate�6; 6<severe�9).

Evaluation of apoptosis

DNA fragments of apoptotic cells were visualized using an enzy-
matic reaction that involves a TUNEL procedure, based on the
specific binding of terminal deoxynucleotidyl transferase to 30-OH
ends of DNA breaks, as previously described [11].

Cholangiocyte and hepatocyte apoptotic indexes (AI) were
calculated as the number of TUNEL-positive cells over 100 cells
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and the number of TUNEL-positive cells/cm2, respectively, using a
�25 magnification.

PCNA immunolabeling

After rehydration, the silane-coated slides were treated with 0.3%
H2O2 in methyl alcohol for 15 min and then briefly washed in
phosphate buffer saline. They were then pre-incubated with 1.5%
normal horse serum for 20 min and subsequently incubated over-
night, at room temperature, with a 1:50 dilution of anti-proliferat-
ing-cell nuclear antigen (PCNA) monoclonal antibody (Dako Italia
Spa, Milan, Italy) and sequentially incubated with biotinylated
rabbit-anti-mouse IgG, avidin DH-peroxidase and amino-ethyl-
carbazole for 30 min at 37�C. Finally, the sections were counter-
stained with Meyer’s hematoxylin and coverslipped. All reagents
were purchased from Vector, Burlingame, CA, USA.

PCNA labeling index

PCNA immunolabeling of cholangiocytes was semi-quantitatively
evaluated by counting at least 500 bile-duct cells in 20 randomly
selected high-power fields (�40) and by determining the percent-
ages of PCNA-reactive cells. Only bile-duct cells that exhibited
strong nuclear immunostaining were considered for PCNA-reactive
cell counting.

Biochemical determinations

Bilirubin, g-glutamyl transpeptidase (g-GT) and alanine amino-
transferase (ALT) serum levels were determined using standard
laboratory methods.

BS determination

Total BS and UDC levels in the serum were evaluated using a
modification of the chromatographic method described by Kamada
et al. [22], as described elsewhere [9]. Total BSs in the bile
were assayed enzymatically, using a fluorimetric enzymatic Kit
(Sterognost 3-Flu; Nycomed AS, Oslo, Norway). UDC biliary
levels were analyzed using a modification of Scalia’s chromato-
graphic method [31]. Briefly, bile samples were thoroughly mixed,
and their pH was adjusted to 9.0 by NaOH 0.1 mol/l. An aliquot
was passed through a Sep-Pak C18, and BSs were eluted with
methanol. Aliquots of this eluate were analyzed for individual BSs
(specifically UDC) using reverse-phase high-performance liquid
chromotography, using as a mobile phase an acidic isocratic meth-
anol/KH2PO4 0.05 mol/l/acetonitrile solution (60/30/10). BS de-
tection was made using ultraviolet absorption at 205 nm.

Statistical analysis

The statistical evaluation of the results was performed using t-tests
or analysis of variance (ANOVA). When the single-factor ANOVA
rejected the hypothesis of the mean equality among the groups, the
Tukey test was applied for comparing the mean values in the dif-
ferent groups. In the latter case, only a value of P<0.05 was con-
sidered statistically significant.

Results

The results reported in Table 1 indicate that pBDL de-
termined a two- to threefold increase of total BS serum
levels compared with sham-operated animals. Moreover,

in UDC-fed rats, UDC represented about 23% of total BS
concentration.

As shown in Table 2, biliary total BS concentration
was not significantly influenced by pBDL or by the ad-
ministration of BS-enriched diets. Interestingly, UDC
levels paralleled the modifications observed in the serum
and were significantly increased when compared with
standard-diet-fed rats.

Figure 1 illustrates bilirubin, g�GT and ALT serum
levels in sham-operated rats (A) and in animals with
pBDL (B), receiving standard, DC- and UDC-enriched
diets. As illustrated, all the above parameters were slightly
increased in rats undergoing pBDL in comparison with
sham-operated animals, but they were much lower (about
1/10) than those observed in rats undergoing tBDL (un-
published data). In all cases, DC dietary treatment induced
a significant increase of ALT in comparison with standard
or UDC-enriched diet (P<0.05). According to these re-
sults, the evaluation of the extent of histological damage
demonstrated that pBDL caused significant biliary tree
damage in all groups compared with sham-operated ani-
mals (Table 3). In most cases, the damage was more ev-
ident in ligated lobes than in freely draining lobes. As for
hepatocellular damage, there was no increased damage
after pBDL both in ligated and freely draining lobes.
However, DC dietary treatment was invariably associated
with hepatocellular damage in comparison with standard
and UDC groups.

Also, all examined liver samples, both from sham-
operated and pBDL rats, showed mild peri-ductular col-

Table 1 Total bile salt (BS) and ursodeoxycholate (UDC) con-
centrations in the serum of rats fed either a normal, deoxycholate
(DC)- or UDC-enriched diet, 48 h after sham operation or partial
bile-duct ligation (pBDL). n.m. not measurable

Sham operated pBDL

Diet Total BSs* UDC Total BSs* UDC
Standard 3.1€2.2 n.m. 9.3€15.3 n.m.
DC 11.7€9.1 n.m. 18.9€16.3 n.m.
UDC 2.8€0.9 0.9€0.2 14.9€10.5 3.4€1.1
Analysis of
variance

aP<0.01 - aP<0.05 -

* The values reported, obtained from five sham-operated animals
and at least ten pBDL animals, represent the mean€SD of uncon-
jugated and conjugated bile salt levels, expressed as mmol/l
a Standard=UDC 6¼DC using Tukey test

Table 2 Total bile salt (BS) and ursodeoxycholate (UDC) con-
centrations in the bile of rats fed either a normal, deoxycholate
(DC)- or UDC-enriched diet, 48 h after sham operation or partial
bile-duct ligation (pBDL). n.m. not measurable

Sham-operated pBDL

Diet Total BSs* UDC Total BSs* UDC
Standard 13.1€2.0 n.m. 12.5€2.3 n.m.
DC 12.0€3.5 n.m. 12.0€2.5 n.m.
UDC 13.4€3.3 3.5€1.2 13.2€3.3 3.4€0.9

* The values reported, obtained from five sham-operated animals
and at least ten pBDL animals, represent the mean€SD of uncon-
jugated and conjugated bile salt levels, expressed as mmol/l
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lagen accumulation. Nevertheless, this feature was com-
mon to all tissue samples and, therefore, was interpreted
as non-specific.

The evaluation of PCNA immunostaining in rats fed a
standard diet (Fig. 2) and that underwent pBDL demon-
strated consistent cholangiocyte proliferative response
compared with sham-operated animals [PCNA labeling
index (PCNA-LI) 0.2€0.1]. BS-enriched-diet-fed animals

that underwent sham operation did not show relevant
modifications of cholangiocyte proliferative activity, as
detected by PCNA immunolabeling.

In rats that underwent pBDL, UDC dietary treatment
determined a further significant increase of cholangiocyte
proliferation, both in freely draining and ligated lobes
compared with animals fed a standard or a DC-enriched
diet (Fig. 2). In all instances, the evaluation of PCNA-
positive cells was essentially carried out on the cholan-
giocytes lining intra-hepatic bile ducts larger than 15 mm—
essentially interlobular and septal bile ducts (Fig. 3).

As for the evaluation of cholangiocyte-programmed
cell death using the TUNEL procedure, apoptotic cells
were only exceptionally seen in the epithelium of intra-
hepatic bile ducts from ligated or freely draining lobes,
and the number of these cells was similar in all groups
with pBDL (AI=0.2€0.1% in standard, 0.1€0.1% in DC
and 0.2€0.1% in UDC groups) or sham operation (AI=
0.1€0.1% in standard, 0.1€0.2% in DC and 0.1€0.1%
in UDC groups). Interestingly, hepatocyte AI showed a
trend toward reduction in the UDC group compared with
the DC and standard groups undergoing pBDL (AI=

Fig. 1 Bilirubin, g-glutamyl transpeptidase and alanine amino-
transferase serum levels in sham-operated (A) and partial bile-duct
ligation (B) rats fed a standard or bile-salt-enriched diet. The values
reported represent mean€SD obtained from at least five animals in
each group. *P<0.05 using analysis of variance, (DC 6¼Stan-
UDC, using Tukey test)

Table 3 Histological evaluation of liver damage expressed as
damage score in rats fed with standard (ST), deoxycholate (DC)-
and ursodeoxycholate (UDC)-enriched diets, 48 h after partial bile-
duct ligation (pBDL). The extent of histological damage was cal-

culated as reported in “Material and Methods” section. The values
reported were obtained examining five sham-operated animals and
at least ten pBDL animals. ANOVA analysis of variance

Biliary-tree damage ANOVA Hepatic-lobule damage ANOVA

ST DC UDC ST DC UDC

Sham-operated 0.6€0.7 2.6€0.9 0.4€0.5 dP<0.005 0.4€0.5 3.3€1.7 0.6€0.6 dP<0.01
pBDL ligated lobe 3.6€1.5 3.3€0.7 3.3€1.2 - 1.3€1.8 2.1€1.3 0.8€1.6 -
pBDL freely draining lobe 2.6€1.1 4.2€1.6 1.3€1.0 eP<0.01 0.7€0.5 2.5€1.5 0.2€0.6 dP<0.05
ANOVA aP<0.01 bP<0.05 cP<0.01 - - -

Evaluation by Tukey test:
a Sham-operated 6¼pBDL/ligated lobe=pBDL/freely draining lobe
b pBDL/freely draining lobe6¼sham-operated=pBDL/ligated lobe
c Sham-operated 6¼pBDL/freely draining lobe6¼pBDL/ligated lobe
d Standard=UDC 6¼DC
e Standard6¼UDC 6¼DC

Fig. 2 Proliferating-cell nuclear antigen labeling index (PCNA-LI)
of cholangiocytes in livers from partial bile-duct ligation rats
treated with a standard or bile-salt-enriched diet. Open square
ligated lobes. Closed square freely draining lobes. In sham-oper-
ated rats receiving a standard diet, PCNA-LI was 0.2€0.1 and was
not influenced by dietary treatment. The values reported represent
mean€SD obtained from all animals in each group. *P<0.01 using
analysis of variance, (Standard=DC 6¼UDC, using Tukey test)
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3.5€4.5% in standard, 3.6€5.6% in DC and 1.3€2.4% in
UDC group). However, in sham-operated animals, AI was
0.6€0.5% in standard, 0.5€0.6% in DC and 0.4€0.5% in
UDC groups.

Discussion

Over the last decade, our interest has been focused on the
effects of BSs on cell proliferation and the possible
mechanism(s) mediating this biological effect [7, 8, 9, 10,
11, 12, 14, 26, 27]. The main goal of the current study was
to evaluate the effects of UDC on cholangiocyte prolif-
erative activity already triggered by pBDL. This experi-
mental model was used since it induces mild cholestatic
damage, mimicking the conditions that spontaneously
occur in cholestatic liver diseases in humans. In addition,
we also tested the effects of DC to establish if the possible
stimulatory effects related to UDC administration are
specific for this BS or are commonly shared by other BSs.

Total BSs as well as DC and UDC concentrations were
measured in the serum and bile of both operated and
sham-operated animals. In addition, cholangiocyte pro-
liferative activity, as well as salient histopathological
features indicative of both cholangiocyte and hepatocel-
lular damage and apoptotic activity, were evaluated. The
latter was also considered because it is known that BSs
can modulate apoptosis in cells naturally exposed to BS
enterohepatic circulation [20, 30].

As shown in Table 1 and Table 2, rats undergoing
pBDL developed very mild cholestasis compared with
sham-operated animals. In fact, total BS concentrations
became only threefold higher in the serum and remained
unchanged in the bile (Table 1 and Table 2). The latter
was an expected result, since a 100-fold increase in total
serum BS concentration is associated with only a three- to
fourfold increase of total BS biliary concentration fol-
lowing tBDL (serum contains micromolar concentrations
while bile contains millimolar concentrations of BSs).

Independently from the diet, in all animals, pBDL
induced an increase in cholangiocyte proliferative re-
sponse that appeared similar both in ligated and freely
draining lobes compared with sham-operated rats (Fig. 3).
However, in pBDL rats receiving UDC, a further eleva-
tion of the proliferative response was detected in com-
parison with controls, as demonstrated by the PCNA-LI
(P<0.01). In contrast, the administration of DC had no
influence on cholangiocyte proliferative activity com-
pared with controls. We have previously demonstrated
that UDC-enriched diets do not stimulate hepatocyte
proliferation in intact animals, but are able to amplify the
regenerative response already triggered by partial hepa-
tectomy, acting as an “augmenter” [8]. As expected, since
pBDL does not induce hepatocyte proliferation [27], in
the present study, a UDC-enriched diet did not influence
hepatocyte proliferative activity. The evaluation of liver
damage by conventional histology (H&E) (Table 3), hu-
moral parameters (Fig. 1) such as bilirubin, g-GT and
ALT and apoptosis demonstrated that the increase of
PCNA-LI observed in UDC-treated animals was not
damage related. In fact, all the above parameters were
similar in UDC-treated animals and in rats fed a standard
diet. Interestingly, according to the data reported by Ro-
drigues et al. in isolated hepatocytes and normal rat liver
[30], our data demonstrated a trend toward a protective
effect of UDC on programmed cell death in parenchymal
liver cells. In fact, hepatocyte AI decreased in the UDC
group compared with rats fed a standard diet, almost
reaching statistical significance (P<0.1), a datum that
could possibly become significant using a larger cohort of
animals. The current data, excluding a direct damage of
UDC treatment on rat biliary tree, are in agreement with
those reported by others [3, 19]. However, Fickert et al.
[18] have demonstrated that a 0.5% UDC-enriched diet is
able to increase the cholestatic damage induced by total or
partial bile-duct ligation in mice. In the latter study,
however, the same authors explain these differences,
hypothesizing that, in rats, a UDC-enriched diet probably
has reduced choleretic effects in comparison with what is
demonstrated in mice.

In our experimental conditions, both UDC- and DC-
enriched diets induced comparable modifications of
BS levels in the enterohepatic circulation (Table 1 and
Table 2), but only the former diet further enhanced
cholangiocyte proliferation, suggesting the possibility that
UDC, per se, could have an additive stimulatory effect on
cholangiocyte proliferation.

The apparent discrepancy between our results in UDC-
treated animals and those (reduced cholangiocyte prolif-
eration) observed by others in rats with tBDL receiving a
UDC-enriched diet [3] was not surprising. In fact, at
4 weeks after tBDL using a 0.2% UDC-enriched diet, we
also found no increase of cholangiocyte proliferation in
comparison with controls [10]. The explanation for these
findings may derive from the consideration that pBDL
and tBDL models are profoundly different. In fact, tBDL
is associated with maximal cholestasis-induced prolif-
erative response and is not suitable for the evaluation

Fig. 3 Proliferating-cell nuclear antigen labeling index immuno-
labeling pattern in liver bile ducts. High-power field (�400)
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of further stimuli of cholangiocyte proliferation. Some
growth factors may show inhibitory effects once utilized
in presence of maximal proliferative stimuli [24]. In the
tBDL model, the proliferative response was assessed
1 week after operation [3], when it already had declined,
and not 48 h after surgery, when cholangiocyte prolifer-
ation is maximal [27, 33]. Finally, our animals were fed a
UDC-enriched diet for 4 weeks before undergoing pBDL,
while tBDL rats received UDC after surgery [3]. In our
experience, after operation, animals refuse food for at
least 24 h, especially if it contains very bitter substances,
such as 1% BSs.

In a previous study [27], we hypothesized that pBDL
could trigger cholangiocyte proliferation by modulating
the activity of specific growth factors. This hypothesis
was based on the fact that cholangiocyte proliferative
response was simultaneous and of the same magnitude
both in freely draining and ligated lobes. However, Alpini
et al. [2] suggested that the increase of total BS concen-
tration in the bile could be the major pathophysiological
stimulus for cholangiocyte proliferation. Based on the
current findings, we certainly attribute a pivotal role in
the induction of cholangiocyte proliferation to the modi-
fications of BS concentrations. However, our results
suggest that the increase of biliary total BS concentrations
is not the only driving force for cholangiocyte prolifera-
tion; otherwise, we are not able to explain the dramatic
difference of proliferative activity observed in sham-op-
erated and pBDL animals in the presence of similar a
biliary BS concentration.

As far as the possible mechanism mediating UDC-
stimulatory activity, in the literature, there are studies on
hepatocytes, human cholangiocarcinoma cell lines and
colonocytes that suggest the involvement of protein ki-
nases, epidermal growth factor receptor [14, 29, 36], a
type of receptor present in normal cholangiocyte [16], as
well as cyclooxygenase-2 [36] and Raf-1/MEK/ERK [29].
Finally, data obtained in vitro in cholangiocytes isolated
from rats with biliary obstruction suggest that activation
of the PI3-K pathway is responsible for BS stimulatory
activity on cholangiocytes [4].

In conclusion, the present article, for the first time,
describes the ability of UDC to augment cholangiocyte
proliferative response following partial obstruction of
the extra hepatic biliary tree. This demonstration further
supports the use of UDC for the therapy of cholestatic
chronic liver disease in which this bile salt would not only
reduce damage and apoptosis, but also delay the duc-
topenic stage by stimulating proliferation.
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Abstract Transforming growth factor b1 (TGF-b1) af-
fects extracellular matrix (ECM) accumulation. It plays a
role in the thickening of the peripheral basement mem-
brane (PBM) and expansion of the mesangium in several
renal diseases. The beneficial influence of female gender
on the progression of chronic renal diseases may be ex-
plained by a favorable effect of estrogen on ECM ho-
meostasis. Interactions between TGF-b1 and estrogen
have been investigated in mesangial cell cultures. How-
ever, it is unknown if TGF-b1-induced glomerulopathy in
vivo is influenced by exogenous estrogen. Thus, the aim
of the present experiment was to explore whether estrogen
prevents the development of TGF-b1-induced glomerular
disease in transgenic mice expressing active TGF-b1
under control of the Ren-1c promoter. Mice were treated
from 3 weeks to 6 weeks of age with 17b-estradiol release
pellets (5–10 mg/kg body weight per day). At the age of
6 weeks, all investigated animals were sacrificed for es-
timation of PBM thickness, the mesangium per glomer-
ulus [Vv(mes/glom)], the mesangial matrix per glomer-

ulus [Vv(matrix/glom)] and the PBM per glomerulus
[Vv(PBM/glom)] using electron microscopy and stereo-
logical methods. Furthermore, the total collagen content
was determined. We found that TGF-b1-induced alter-
ations in Vv(mes/glom), Vv(matrix/glom) and Vv(PBM/
glom) were prevented in mice exposed to exogenous 17b-
estradiol. In addition, the interstitial fibrosis that develops
in TGF-b1 transgenic mice was attenuated by adminis-
tration of 17b-estradiol. In conclusion, estrogen may op-
press TGF-b1-mediated kidney diseases and, thereby,
contribute to the protracted development of end-stage
renal disease in pre-menopausal women.

Keywords Kidney · TGF-b1 · Estrogen ·
Glomerulopathy · End-stage renal disease

Introduction

In man as well as in a variety of animal species, there is
a gender difference in the progression of chronic renal
diseases [29]. Among patients suffering from kidney dis-
eases, such as nephrotic syndrome, polycystic kidney
disease, chronic glomerulonephritis or IgA-nephropathy,
men show a more rapid decline in renal function than
women [23]. The accelerated progression of kidney fail-
ure in males is also evident in experimental models, e.g.,
after renal ablation, the development of proteinuria, seg-
mental glomerulosclerosis and procollagen synthesis pro-
gresses faster in male rats than in female rats [20, 29]. It is
not fully elucidated whether the presence of testosterone
or the absence of estrogen is the determining factor. The
accumulation of extracellular matrix (ECM) in glomeru-
losclerosis is a product of an imbalance between ECM
synthesis and degradation. The beneficial influence of
female gender, at least before the onset of menopause, on
the progression of chronic renal disease may partly be
explained by the favorable influence of estrogen on ECM
homeostasis [22, 29]. Estrogen inhibits the proliferation
of mesangial cells in vitro, suppresses the synthesis of
collagen type I and type IV and increases the production
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of matrixmetallo-proteinases-2 and -9 (MMP-2 and
MMP-9) [11, 17, 18, 25, 30]. The biological effects of
estrogen on the mesangial cells are mediated by the two
estrogen receptor (ER) subtypes, ERa and ERb, which
appear in the developing cortex from embryonic day
E14.5 [19, 25].

Transforming growth factor b1 (TGF-b1) affects cel-
lular differentiation and the homeostasis of the ECM. It
may play a role in the thickening of the peripheral base-
ment membrane (PBM), abnormal deposition of ECM
therein and expansion of the mesangium in several renal
diseases [2, 3, 4, 7, 9, 27, 28]. Several experiments were
conducted to investigate a possible interaction between
TGF-b1 and estrogen on mesangial cells in vitro [18, 21,
30, 34]. However, it is unknown whether TGF-b1-in-
duced glomerulopathy in vivo is susceptible to exogenous
estrogen.

We have established a transgenic (Tg) model with
overproduction of active TGF-b1 from the juxta-glom-
erular apparatus (JGA) [32]. The mice exhibit mesan-
gial expansion, increased basement membrane thickness
(BMT), decreased filtration surface and proteinuria [16].
The aim of the present experiment was to investigate
whether estrogen prevents the development of TGF-b1-
induced glomerular disease and interstitial fibrosis.

Materials and methods

Animals

TGF-b1 Tg mice, expressing active, porcine TGF-b1 under control
of the Ren-1c promoter on the genetic background of the Balb/cA
strain, were used in all experiments [32]. The mice were housed at
the animal facility at the University of Aarhus and handled ac-
cording to the guidelines and procedures recommended by the
Animal Experiments Inspectorate, Denmark. They were kept at
21�C with a 12 h day/night cycle and were given free access to
water and food. The mice were fed a special synthetic estrogen-free
diet while breeding and nursing their pups (Altromin C-1000,
GmbH, Lage, Germany) [17.3% protein, 3500 Kcal/kg (14.6 Mj/
kg)]. At 3 weeks of age, the genotype of the pups was determined
by polymerase chain reaction with primers against the terminator
sequence in the transgene [32], and the pups were divided into the
following groups: non-transgenic (WT) males (n=6), WT females
(n=6), Tg males (n=18) and Tg females (n=19). The animals in the
two Tg groups were randomized to treatment for 3 weeks with
pharmacological doses of 17b-estradiol (+E2): Tg+E2 males (n=9)
and Tg+E2 females (n=9). During the treatment period [from 3–
6 weeks of age (~21 days)], the pups were given the same estrogen-
free diet as above. The food intake was less in mice offered the
low-phytoestrogen diet compared with mice on normal chow
[3.8€0.03 g/day per mouse (n=6) versus 7.1€0.43 g/day per mouse
(n=5)]. However, this had no impact on body weight or kidney
weight in adult mice. At 6 weeks of age, at least 50 ml of blood was
taken from the tail vein for measurement of the plasma concen-
tration of 17b-estradiol (see below). Then the mice were sacrificed
by cervical dislocation. The kidneys were removed, decapsulated
and immersed in optimum cutting temperature medium (OCT) or
fixative (formaldehyde 3%, glutaraldehyde 1% in modified Tyrode
buffer). The blocks were dehydrated and embedded into epon. The
project was approved by the Animal Experiments Inspectorate,
Denmark (#1999/561–218) and the Danish Working Environment
Service (#BK 1994–1531–164).

17b-estradiol treatment and enzyme-linked immunosorbent assay

Two groups of Tg mice, Tg+E2 males (n=9) and Tg+E2 females
(n=9), received subdermal implants containing 17b-estradiol (5 mg/
pellet) with a release period of 21 days (Innovate Research of
America, Sarasota, FL, USA). These release 5–10 mg/kg body
weight per day. On the day of sacrifice, the plasma levels of es-
tradiol were determined by a commercial available enzyme-linked
immunosorbent assay method (DRG Instruments GmbH, Ger-
many). According to the supplier’s instructions, the plasma samples
were extracted with ether before the analysis. The lowest detectable
level of estradiol was 4.6 ng/l and the intra- and interassay varia-
tions were 5% and 6%, respectively, as reported by the supplier.

Sectioning for light and electron microscopy

After 6–7 days fixation, the kidney was cut into slaps of 0.5 mm
thickness with a set of fixed razorblades. Tissue blocks were pun-
ched out of the cortical part of the slaps, thus providing a sample
with an uniform distribution from the kidney cortex. The blocks
were systematically sectioned with 1-�m-thick sections for the
determination of glomerular volume and for the identification of
glomeruli for electron microscopy (see below). The volume of in-
dividual glomeruli [V(glom)] appearing in the tissue blocks as the
sectioning proceeded was estimated with Cavalieri’s method for
glomeruli [24]. The area of glomerular profiles with 5-�m intervals
were measured by point counting in a light microscope, transmit-
ting the visual fields to a computer screen at a magnification of
�1500. Volume of individual glomeruli is then V(glom)=txSA,
where t is distance between the levels and A is the area of profiles.
The true distance between levels was measured as previously de-
scribed in detail [24]. On average, 12 glomeruli were measured per
animal (range 10–14).

Electron microscopy

Thin sections were prepared from three glomeruli in each animal,
representing at least two different blocks of tissue. Beforehand, it
was decided that the first- and second-appearing glomeruli in the
first block and the first-appearing glomerulus in the second block
would be used for electron microscopy. Furthermore, the thin
sections were always cut 30 mm from the top of the glomerulus. The
thin glomerular profile sections (60 nm) were photographed at
different magnifications. The total area of glomeruli was covered at
low magnification (�6,680). At a higher magnification (�26,000), a
subsample of the area was photographed using systematic uni-
formly random sampling. The images from the electron microscope
were digitalized and transferred to the computer screen for mea-
surements. Point counting was used to estimate the different vol-
ume fractions (%). At low magnification, the majority of the
glomerular profile was measured and used for estimates of the
mesangium per glomerulus [Vv(mes/glom)], the mesangial matrix
per glomerulus [Vv(mat/glom)] and the PBM per glomerulus
[Vv(PBM/glom)]. The higher magnification was used to measure
the fractions of mesangium and mesangial matrix and to measure
the BMT, which was estimated with the orthogonal intercept
method [12]. Combining low- and high-magnification electron
microscopy, we calculated the Vv(mes/glom), Vv(mat/glom) and
Vv(PBM/glom).

Hydroxyproline assay

The renal collagen content was estimated using the determination
of the quantity of hydroxyproline [8]. In short, available kidneys
stored in OCT were thawed, defatted and dried. Pulverized tissue
(2–8 mg) was hydrolyzed for 12 h in 200 ml 6 M HCl at 118�C,
followed by neutralization with 10 N NaOH. After centrifugation,
the content of hydroxyproline in the supernatant (1:100) was de-
termined in the presence of chloramin-T, perchloric acid and Er-
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lich’s reagent. The standard curve gapped from 0.2 mg/ml to 3.2 mg/
ml. The collagen content was extrapolated from the hydroxyproline
determination by multiplication with 7.5.

Statistical methods

All data are presented as mean€standard error of mean. Statistical
analysis between more than two groups was performed by one-way
analysis of variance (ANOVA) after exclusion of variance in-ho-
mogeneity as determined by the Bartlett test. The ANOVA was
followed by the Student’s t-test and corrected a.m. Bonferoni. In
the case of variance in-homogeneity, the Kruskall-Wallis test was
used, followed by the Mann-Whitney rank sum test, which was
corrected for the number of comparisons. Data were tested for the
presence of outliners. Differences were considered statistically
significant at a level of P�0.05.

Results

In animals supplemented with 17b-estradiol, the mean
circulating levels of estradiol at time of sacrifice was
2.96€0.552 ng/ml. This is similar to values seen during
pregnancy [1]. All values in the mice without treatment
were below the detection limit of the assay.

Both male and female Tg mice exhibited a rise
in Vv(mes/glom) versus sex-matched WT mice (both
P�0.01) (Table 1). Female Tg mice showed a statisti-
cally significant rise in Vv(mat/glom) compared with that
in sex-matched WT animals (P�0.01), whereas the in-
crease in Vv(mat/glom) in male Tg animals versus sex-
matched WT mice was statistically insignificant (P=0.10)
(Table 1). Both male and female Tg mice showed a de-
cline in Vv(PBM/glom) versus sex-matched WT animals
(P�0.01 and P�0.05, respectively) (Table 1). Although
the thickness of the basement membrane was elevated in
Tg animals of both genders, it was statistically insignif-
icant from that in sex-matched WT mice (Table 1).

Male Tg mice supplemented with 17b-estradiol ex-
hibited a decline in Vv(mes/glom) and Vv(mat/glom)
versus sex-matched Tg animals (P�0.01 and P�0.05,
respectively); whereas, 17b-estradiol treatment led to an
increase in Vv(PBM/glom) compared with sex-matched
Tg mice without 17b-estradiol supplementation (P�0.01)
(Table 1). Female Tg mice supplemented with 17b-es-
tradiol (Tg+E2) exhibited a reduction in Vv(mat/glom)
(P�0.05), a minor decline in Vv(mes/glom) (P=0.07) and

a marginal rise in Vv(PBM/glom) (P=0.08) versus Tg
animals without 17b-estradiol supplementation (Table 1).
The volume fractions in female and male Tg mice treated
with 17b-estradiol (Tg+E2) were similar to that in sex-
matched WT animals (Table 1). Since the BMT, Vv(mat/
glom), Vv(mes/glom) and Vv(PBM/glom) were similar in
male and female mice within each of the three investi-
gated groups (WT, Tg, Tg+E2) (all P values >0.05), we
pooled the data from both genders within each of the
classes to perform a final statistical evaluation of the
effect of exogenous 17b-estradiol. We found that the
Vv(mes/glom) and Vv(mat/glom) were elevated in the Tg
group versus the group of WT animals (both P�0.01) as
well as versus the Tg+E2 group (both P�0.01). Further-
more, the Vv(PBM/glom) was reduced in the Tg mice
compared with that in normal mice (P�0.01) as well as
versus the Tg+E2 group (P�0.01). There were no dif-
ferences between the group of Tg mice treated with 17b-
estradiol (Tg+E2) and the WT animals. The BMT was
similar among the three groups of animals. Figure 1
demonstrates the ultramorphological structure of a rep-
resentative glomerulus from each of the three groups of
animals.

The V(glom) varied between the three groups of male
mice (P�0.05) (Fig. 2). This was due to a reduced
V(glom) in the Tg+E2 group versus the WT animals
(P�0.05) (Fig. 2). The V(glom) in the two groups of Tg
mice (Tg and Tg+E2) was similar. The V(glom) was
comparable among the three groups of female mice
(P=0.14) (Fig. 2). Male and female mice within the three
groups of tested mice exhibited similar V(glom).

The renal collagen content was increased in male and
female Tg mice versus sex-matched WT mice (both
P�0.01) (Fig. 3). Both male and female Tg mice sup-
plemented with 17b-estradiol (Tg+E2) exhibited a ten-
dency to a decline in the collagen content compared with
that of sex-matched Tg animals (Fig. 3). However, this
was not statistically significant (P=0.14 and P=0.12, re-
spectively). In addition, the collagen content in male and
female Tg mice given exogenous E2 was still raised
compared with that in sex-matched WT animals (both
P�0.01). The collagen content was similar in male and
female mice within each of the three investigated groups
(WT, Tg, Tg+E2) (all P values>0.05); therefore, we
pooled the data from both genders within each of the

Table 1 Basement membrane thickness (BMT) and volume frac-
tions (%) of mesangium [Vv(mes/glom)], mesangial matrix
[Vv(mat/glom)] and the peripheral basement membrane per glo-
merulus [Vv(PBM/glom)] in 6-week-old transgenic (Tg) and non-

transgenic (WT) male (<) and female (,) mice offered phyto-es-
trogen-low diet. Transgenic male and female mice were supple-
mented with 17b-estradiol from 3–6 weeks of age (Tg+17b-estra-
diol). Results are given as mean€standard error of mean

WT < Tg < Tg <+17b-estradiol WT , Tg , Tg ,+17b-estradiol

Number of mice 6 9 9 6 10 9
Vv(mes/glom) (%) 30€2.4 47€3.2** 34€2.7## NS 29€3.4 44€3.7* 34€2.7 (P=0.07) NS
Vv(mat/glom) (%) 9.2€0.6 16.6€2.0 (P=0.1) 10.1€1.1# NS 8.5€1.8 17.2€2.2* 9.9€0.9# NS
Vv(PBM/glom) (%) 6.3€0.4 3.0€0.5** 5.5€0.7## NS 6.3€0.5 4.4€0.6* 5.9€0.3 (P=0.08) NS
BMT (nm) 113€7 120€6 ns 118€3 NS 111€4 141€11 ns 129€11 NS

* P�0.05, **P�0.01, ns: non-significant: Tg versus WT
# P�0.05, ##P�0.01: Tg+17b-estradiol versus Tg. For marginally altered data, the P values are given in brackets
NS: non-significant: Tg+17b-estradiol versus WT
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classes to perform a final statistical evaluation of the
effect of 17b-estradiol. We found that the collagen con-
tent was raised in the Tg group versus the group of WT
animals (P�0.01) as well as versus the Tg+E2 group
(P�0.05). Finally, the collagen content was elevated in
the Tg+E2 group compared with that in WT animals
(P�0.01).

Discussion

TGF-b1 affects the homeostasis of the ECM. It plays a
role in the thickening of the PBM, the abnormal deposi-
tion of ECM therein and the expansion of the mesangial
matrix in several renal diseases characterized by glo-
merulosclerosis. Bioactive TGF-b1 in the glomerulus
may derive from the circulation, the JGA or from the
glomerular cells themselves [3, 13]. We have previously
demonstrated that local expression of TGF-b1 leads to
glomerulopathy [16, 32]. Several kidney diseases exhibit
a more aggravated course in males versus pre-menopausal
females, and they are responsive to exogenous estrogen
[22]. Thus, the present experiment was undertaken to
investigate whether TGF-b1-induced glomerulopathy was

Fig. 1 Electron microscopy demonstrates the appearance of a
representative glomerulus from a non-transgenic (WT) female
mouse (A), a transgenic (Tg) female mouse (B) and a Tg female
mouse treated with 17b-estradiol (C). All mice were served a low-
phyto-estrogen diet. Original magnifications �6,680

Fig. 2 The glomerular volume in 6-week-old non-transgenic (WT)
and transgenic (Tg) mice, and Tg animals receiving 17b-estradiol.
All mice received a low-phyto-estrogen diet. Data from both male
and female mice are shown. *P�0.05 when compared with WT
mice

Fig. 3 The renal content of collagen as estimated by the amount of
hydroxyproline present in the kidney in 6-week-old non-transgenic
(WT) and transgenic (Tg) mice and Tg animals receiving 17b-
estradiol. All mice received a low-phyto-estrogen diet. Data from
both male and female mice are shown
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susceptible to pharmacological treatment with 17b-estra-
diol. To avoid unwanted effects of phyto-estradiols in
the normal chow, the mice were offered an estrogen-
free diet prior to conceiving and during nursing. The
progeny continued on this diet until sacrifice. At 6 weeks
of age, the transgenic mice exhibited increased Vv(mes/
glom) and Vv(mat/glom) and decreased filtration surface
Vv(PBM/glom). This is similar to previous observations
[16], although the increase in Vv(mat/glom) did not reach
statistical significance in the male transgenic mice in the
present investigation. This may be due to the sample size,
since there certainly was a trend toward an elavation
(P=0.1). Our data indicate that both cellular components
and the ECM contribute to the changes in the 6-week-old
transgenic mice on the expense of the filtration surface.
It is apparent that statistically significant changes in the
BMT seem to appear later than alterations in the me-
sangium. This is in line with previous investigations, in
which we demonstrate that expansion of the basement
membrane is not apparent until 8 weeks of age [16].
However, it is impossible to state whether an increased
BMT is a consequence of the enlarged Vv(mes/glom)
and Vv(mat/glom) or appears independently. It should be
emphasized that we found no impact of gender on TGF-
b1-induced changes in Vv(mes/glom), Vv(mat/glom) and
Vv(PBM/glom) during conditions of an estrogen-free
diet. However, this does not exclude the possibility that
sex-related differences in TGF-b1-induced glomerulopa-
thy may develop in older (>6 weeks), sexually mature
mice.

Treatment with pharmacological doses of 17b-estra-
diol prevented the TGF-b1-induced glomerulopathy in
both genders. Whether estradiol also affects Vv(mes/
glom), Vv(mat/glom) and Vv(PBM/glom) in WT is un-
known. However, since Vv(mes/glom) and Vv(mat/glom)
were similar in 6-week-old WT females and WT males
served a low phytoestrogen diet, this appears unlikely
(Table 1). Supplementation with 17b-estradiol did not
fully prevent the deposition of collagen in the interstitial
space in Tg mice, an observation that may imply that the
processes leading to excessive deposition of collagen in
the interstitial space may differ from those in the glo-
meruli or may be less sensitive to 17b-estradiol. A re-
cent study compares the preventive effect of estriol and
estradiol on glomerulopathy and interstitial fibrosis in
uninephrectomized spontaneous hypertensive rats [10].
Although it was found that estriol was more effective in
preventing glomerular injuries versus estradiol, tubuloin-
terstitial damage was not attenuated by estradiol. This is
similar to the observation reported herein.

We have previously shown that collagen type IV(a1),
fibronectin and specific laminin isotypes contribute to the
enhanced Vv(matrix/glom) [6]. The murine collagen type
IV a1 (COL4A1) and a2 (COL4A2) genes have no es-
trogen response elements, but contain binding sites for the
transcription factor Sp1 [5]. Using murine mesangial
cells, it has been shown that estradiol-induced suppression
of collagen type IV gene expression is mediated by in-
teractions with Sp1 [30, 31]. Furthermore, it is known that

TGF-b1 interacts with Sp1-containing complexes to ac-
tivate COL1A1, COL1A2 and COL4A1 transcription [14,
15, 31]. It was recently demonstrated that estradiol re-
verses TGF-b1-induced collagen type IV expression by
binding of estrogen-receptor complexes to Sp1 [31, 34].
Thus, an inhibition of TGF-b1-induced ECM production
is a likely explanation of the beneficial effects of 17b-
estradiol in our transgenic mice. A second explanation is
that estradiol may stimulate the expression and/or activity
of MMP-2 and MMP-9, which accelerates ECM degra-
dation [11, 25]. Third, decreased synthesis of nitric oxide
(NO) by damaged or dysfunctional glomerular endothelial
cells is associated with glomerulosclerosis due to ham-
pered microcirculation [26]. Estradiol has stimulatory
effects on NO synthesis [33]; therefore, recovery of the
NO production from the glomerular endothelial cells is
likely to normalize the glomerular microcirculation, there-
by contributing to normalization of the glomerular mor-
phology. Finally, estradiol inhibits mesangial cell prolif-
eration [17, 33]. However, we have no evidence of in-
creased proliferation in the glomeruli of 6-week-old TGF-
b1 transgenic mice (unpublished data).

The glomerular volume was reduced in Tg males
treated with estradiol versus WT males. This outcome
was not obvious in female mice, which showed similar
glomerular volumes between the three groups. We have
previously found a marginally increased glomerular vol-
ume in 8-week-old mice [16]. The food intake was less in
mice offered the low-phytoestrogen diet compared with
mice on normal chow. This had no impact on body weight
or kidney weight in adult mice, but could influence the
glomerular maturation in offspring. Whether the presence
of relatively small glomeruli and the unexpected changes
in the glomerular volumes are due to lack of phyto-es-
trogens in the diet, reduced protein consumption or re-
duced intake of calories or combinations hereof is un-
known.

In conclusion, TGF-b1-induced glomerulopathy is pre-
vented by pharmacological doses of 17b-estradiol. A
suppressive effect of estrogen on TGF-b1-mediated kid-
ney diseases may contribute to the protracted progression
of end-stage renal disease in pre-menopausal women.
However, during post-menopause estrogen deficiency,
lack of estrogen-mediated inhibition of the TGF-b1 path-
way leads to a progression of end-stage renal disease
comparable with men.
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Abstract In 20 sex-cord tumors of the testes, we inves-
tigated immunohistochemistry as a possible method for
histopathological diagnosis and evaluation of prognosis.
We examined the following molecules: inhibin, CD99,
cytokeratin, vimentin, MIB-1, estrogen receptors and pro-
gesterone receptors. These tumors of the testes comprised
18 Sertoli cell tumors (ScT) and two undifferentiated sex-
cord tumors (USCT). Four tumors have been considered
as malignant, because of metastatic spread. Inhibin was
expressed by the tumor cells in 80% of sex cord tumors,
without any correlation to the degree of differentiation
and only in 25% of the malignant cases. Inhibin is a
specific marker for sex-cord tumors of the testis and is
particularly useful for the diagnosis of USCT. CD99, vi-
mentin, keratin, progesterone and estrogen receptors were
expressed in, respectively, 60%, 75%, 35%, 65% and 20%
of cases; 95% expressed one of the three following mark-
ers: inhibin, CD99 or vimentin. Proliferation index MIB-1
was equal to or higher than 30% in the four malignant
cases versus less than 20% in other cases. Lack of inhibin
expression and a proliferation index (MIB-1) greater than
30% should be considered as a criterion in favor of ma-
lignancy.

Keywords Testicular sex-cord tumors · Sertoli cell
tumors · Inhibin · MIB-1 · CD99

Introduction

Sex cord-stromal tumors of the testis are very rare tumors
representing between 3% and 6% of testicular neoplasms.
About 50% correspond to well-characterised Leydig cell

tumors. The other 50% represent a histological hetero-
geneous group, the non-Leydig sex-cord testicular tumors
constituted by different histological types [13].

Sertoli cell tumors (ScT) are separated into several
groups. The most frequent group, however, are ScT(NOS)—
not otherwise specified—which are either well differen-
tiated or poorly differentiated [16]. Other tumors are rare,
such as the large cell calcifying ScT and the sclerosing
ScT [10].

Some sex-cord tumors are sometimes very difficult to
recognize. They are either undifferentiated sex cord tu-
mors (USCT), with only a minor sex-cord component or
granulosa-like pattern [15]. Most of these tumors are
benign, but about 15% show malignant progression with
metastasis up to 10 years after orchidectomy [3]. There is
a lack of reliable histopathological criteria to predict the
clinical outcome. Size, mitotic activity and vascular in-
vasion have a pejorative predictive value, but the only
criterion of malignancy is metastasis.

The aim of our study was to try to define an antigen
profile that might be useful to establish the diagnosis of
sex-cord stromal tumors and to appreciate their prognosis.

Materials and methods

We studied 20 non-Leydig sex-cord tumors of the testis analyzed in
our department of Pathology between 1995 and 2002, most of them
being consultation cases. These 20 cases comprised 18 ScT (6 ScT
NOS well differentiated, 11 ScT NOS poorly differentiated and 1
large cell calcifying) and 2 undifferentiated sex cord tumors.

Of the 20 patients, 4 had malignant tumors due to the presence
of retroperitoneal para-aortic nodal metastasis either at the time of
orchidectomy for 2 cases, or during the follow-up in 2 other pa-
tients. The resected surgical specimens were fixed in a solution of
10% neutral buffered formalin. Small tumors were examined in
totality; larger tumors were sampled every centimeter. Routine 3-
�m thick sections were prepared from paraffin-embedded tissue and
stained with hematoxylin-eosin.

For all tumors, mitotic count on 10 HPF (high power fields) was
performed. Immunohistochemistry was performed using the mod-
ified streptavidin-biotin-peroxidase method and diaminobenzidine
as chromogen. The panel of antibodies included anti-cytokeratin
(monoclonal, clone KL-1; Immunotech SA, Marseille, France;
1/50), anti-inhibin (monoclonal, a-subunit, clone R1; Serotec, Kid-
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lington, Oxford; 1:30), antivimentin (monoclonal, clone Vim3B4;
Dako Corporation, Glostrup, Denmark; 1/20), anti-estrogen recep-
tor (ER) (monoclonal, clone 1D5; Dako, 1/50), anti-progesterone
receptor (PR) (monoclonal, clone PgR 636; Dako, 1/30), CD99
(monoclonal, clone 12E7; Dako, 1/40), and MIB-1 (monoclonal,
clone MIB-1; Dako, 1/100). Positive and negative controls were
performed for each antibody (Table 1).

Cytokeratin and vimentin were considered positive if cyto-
plasmic staining was seen in more than 20% of tumor cells. CD99
staining was considered positive if membranous and/or cytoplasmic
staining was seen in more than 10% of tumor cells. Inhibin staining
was considered positive if more than 10% of cells were stained.
Staining had to be cytoplasmic; even weak staining was considered.
Anti-ER and anti-PR stainings were considered positive if more
than 10% of tumor cells were stained. MIB-1 displayed nuclear
staining; we evaluated the percentage of positive cells on 500 cells.

Results

Clinical findings

The age of the patients ranged from 15 years to 76 years
(median age 42 years). All the patients presented painless
palpable testicular masses without hormonal manifesta-
tions. The 20 sex-cord tumors were compact, well-de-
limited masses realizing whitish nodules in the testes.
Tumor size varied from 0.7 cm to 11 cm in diameter.
Three small tumors (<1.1 cm) were surgically treated by
tumor resection. The other 17 tumors (>1.1 cm) were
treated by orchidectomy. The follow-up period was
47.8 months (range 7–122 months).In two cases, there
was lymph-node metastasis at the time of diagnosis. In
one case, the patient died 1 year after diagnosis with
lymph-node and pulmonary metastasis. Another patient
displayed para-aortic lymph-node metastasis 10 years
after orchidectomy.

Histological findings

Eighteen tumors were diagnosed as ScT: 1 large cell
calcifying ScT and 17 ScT NOS. In 6 cases, the diagnosis
of well-differentiated ScT was easy to establish on cyto-
logical and architectural criteria (Table 2). The tumors
were almost exclusively constituted of polygonal large
eosinophilic cells arranged in sheets, trabeculae or tu-
bules, separated by an abundant fibrous stroma (Fig. 1). In
11 cases, the diagnosis of ScT NOS was not easy to es-
tablish. These tumors were considered as poorly differ-
entiated ScT NOS. The most important part of the tumors
consisted of ovoid or fusiform cells with diffuse growth,
and only in a few areas could some tubules with polyg-

Table 1 Antibodies used in this
study

CK Monoclonal, clone KL-1; Immunotech SA, Marseille, France; 1:30
Vimentin Monoclonal, clone Vim3B4; Dako Corporation, Glostrup, Denmark; 1/20
CD99 Monoclonal, clone 12E7; Dako, 1/40
Inhibin Monoclonal, clone a-subunit, clone R1; Serotec, Kidlington, Oxford
Estrogen receptor Monoclonal, clone 1D5; Dako, 1/50
Progesterone receptor Monoclonal, clone PgR 636; Dako, 1/30
MIB-1 Monoclonal, clone MIB-1; Dako, 1/100

Table 2 Anatomo-clinical data
concerning the 20 cases and
comparison of mitotic activity,
tumor size and MIB-1 expres-
sion. n total number of cases,
NLSCT non-Leydig sex-cord
tumors, USCT undifferentiated
sex-cord tumors

Cases Well-differentiated
NLSCT

Poorly differentiated
NLSCT and USCT

Malignant NLSCT

n=6 n=10 n=4

Age (years) 28–76 15–52 36–70
Predominant
architecture

Tubules and trabeculae Sheets and cords, rarely
compact

Tubules trabeculae

Predominant type
of cells

Polygonal Oval, fusiform Oval, fusiform (3 cases),
polygonal (1 case)

Stroma Abundant Few stroma Abundant (3 cases)
Few stroma (1 case)

Size (cm) 1.5–3.1 0.7–3.5 3–11
Mitosis 0–4 0–12 10–20
Metastasis No No Yes
MIB-1 expression 0–15% 0–20% 30–60%

Fig. 1 Well-differentiated Sertoli cell tumors (ScT) constituted of
polygonal large cells arranged in sheets, trabeculae or tubules,
separated by an abundant fibrous stroma; hematoxylin and eosin
staining �100
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onal cells be seen resembling the remaining Sertoli tu-
bules. In one well-differentiated ScT NOS and in 2 poorly
differentiated ScT NOS, granulosa-like areas were ob-
served. In one well-differentiated and 4 poorly differen-
tiated cases, small nests of large eosinophilic cells re-
sembling Leydig cells could be recognized. Two cases
were diagnosed as USCT due to the absence of any rec-
ognizable pattern of Sertoli cell tumor (Fig. 2).

The four patients presenting malignant ScT defined by
nodal metastatic progression, comprised one well-differ-
entiated ScT NOS and three poorly differentiated ScT
NOS. Metastasis was the most important criterion for
malignancy, as vascular invasion is difficult to recognize
and is not always observed, and tumor size and mitotic
figures are not sufficient to determine malignancy. The
remaining 16 cases were considered as tumors with un-
proven malignant potential, comprising 5 well-differen-
tiated ScT NOS, 8 poorly differentiated ScT NOS, 1 large
cell calcifying ScT and 2 USCT.

The size of the 16 tumors regarded as tumors with
unproven malignant potential ranged from 0.7 cm to
3.5 cm in diameter, while the malignant types ranged
from 3 cm to 11 cm (Table 2). The mitotic rate ranged
from 0 to 12 mitotic figures per HPF in tumors with un-

proven malignant potential, while it varied from 10 to 20
in malignant cases (Table 2). Vascular invasion was de-
tected in 3 of the 4 malignant cases, but in none of the
cases with a benign course. Among the 16 patients with a
non-malignant course, three cases presented a tumor size
of respectively 3 cm, 3.5 cm and more than 3 cm. Ad-
ditional criteria could be interesting for predicting a better
or a worse evolution.

Immunohistochemistry

Immunohistochemical findings are summarized in Ta-
ble 3. Staining against alpha-feto-protein had been per-
formed before selection, to exclude Yolk-sac-tumor dif-
ferentiation (data not shown).

Cytokeratin staining was positive in only 7 of 20 of the
ScT and USCT (35%). One well-differentiated ScT NOS,
5 poorly differentiated ScT NOS, and 1 large cell calci-
fying ScT expressed cytokeratin. A diffuse cytoplasmic
staining for vimentin was observed in 15 of 20 of the
cases (75%). Five ScT NOS well-differentiated, 9 ScT
NOS poorly differentiated, and 1 large cell calcifying ScT
showed vimentin expression. Two malignant tumors dis-
played positive staining. It was interesting to see that all
ScT NOS tumors with unproven malignant potential with
a diameter of more than 3 cm expressed vimentin (as well
as inhibin). Vimentin expression was not linked to a
specific histological pattern.

CD99 a transmembrane glycoprotein coded by the
MYC-2 gene, which stains normal Sertoli cells, showed
cytoplasmic staining in 12 of 20 of the cases (60%). The
staining was diffuse or focal, and there was no correlation
with the histological pattern. Only 2 of the 4 malignant
tumors expressed CD99. In our study, CD99 co-expres-
sion was associated with inhibin expression in 2 well-
differentiated ScT, in 6 poorly differentiated ScT, in one
USCT and in the large cell calcifying ScT.

In 16 tumors, the proliferation index (MIB-1) corre-
sponded less than 20% to the tumors with an non-ma-
lignant course. The four tumors with a malignant course
showed a MIB-1 expression between 30% and 60%. Thus,
the expression of MIB-1 appeared to be a good marker to
distinguish benign and malignant non-Leydig sex-cord
tumors.

Fig. 2 Undifferentiated sex-cord tumors (USCT); absence of any
recognizable pattern of Sertoli cell tumors (ScT); hematoxylin and
eosin staining �200

Table 3 Results of immuno-
histochemistry. n total number
of cases, NLSCT non-Leydig
sex-cord tumors, USCT undif-
ferentiated sex-cord tumors, ER
estrogen receptor, PR proges-
terone receptor

Positive
antibody
expression

Well-differentiated
NLSCT (*)

Poorly differentiated
NLSCT and USCT

Malignant NLSCT (†)

n=6 n=10 n=4

CK 2/6 3/10 2/4
Vimentin 5/6 7/10 3/4
CD99 3/6 7/10 2/4
Inhibin 5/6 10/10 1/4
ER 1/6 1/10 2/4
PR 3/6 8/10 2/4
MIB-1 0–15% 0–20% 30–60%

* The large cell calcifying Sertoli cell tumors was counted in the group of well-differentiated NLSCT
† In one malignant case, ER and PR staining only on metastatic tissue
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Concerning the ER, only 4 of 20 (20%) cases showed
nuclear staining. By contrast, 13 of 20 (65%) displayed
nuclear positivity for the PR. No relationship with special
histological features could be observed. However, ma-
lignant tumors always expressed ER/PR in a concordant
way.

Inhibin, a gonadal polypeptide hormone that inhibits
follicle-stimulating hormone secretion by the anterior
pituitary gland, was expressed by tumor cells in 16 of 20
tumors (80%). In 14 cases, the cytoplasmic expression
was strongly positive—either diffuse (Fig. 3) or focal. In
2 cases the expression was focal, with 10% of tumor cells
labeled. Staining was usually strong in well-differentiated
ScT NOS, and in poorly differentiated ScT NOS with
fusiform cells. Four tumors were negative for inhibin
(Table 3). Of the 4 malignant cases (ScT NOS poorly
differentiated), 1 stained focally positive for inhibin; the
three others were negative (Table 3).

Of the sex cord tumors of the testis, 95% expressed 1
of the 3 following markers: inhibin, CD99 or vimentin,
with 10 cases co-expressing CD99 and inhibin, 15 cases
displaying vimentin and inhibin expression and 8 cases
were positive for vimentin and CD99.

Discussion

Leydig cell tumors have a characteristic well-defined
histological and immunohistochemical profile. However,
immunohistochemistry is generally not required for their
diagnosis. By contrast, non-Leydig sex-cord tumors show
various histological appearances and their immunohisto-
chemical profile is not well established [5, 11]. In the
present study, we tried to demonstrate an immunophe-
notypic profile of these tumors, which might contribute to
their diagnosis and help to predict their clinical behavior.

Inhibin seems to be one of the most important mole-
cules to detect. It is expressed in normal Sertoli and

Leydig cells, and treatment in hypogonadotrophic men
with gonadotrophin-releasing hormone shows increase of
inhibin concentrations in the blood [8, 14]. All the Leydig
cell tumors are inhibin positive [8]. Yet, inhibin expres-
sion in ScT varies from 30% to 91% according to the
reported series [7, 8, 13]. Cytoplasmic expression of in-
hibin has been observed in 80% of our cases. Sometimes
inhibin expression was only focal and weak, but usually it
was diffuse and strong. There was no correlation in ScT
NOS between inhibin expression and the degree of dif-
ferentiation of the tumor cells. The same applied to the
four inhibin-negative ScT NOS cases; two were ScT NOS
poorly differentiated, while two others were ScT NOS
well differentiated. The two USCT expressed cytoplasmic
inhibin. Correlation with the clinical course was difficult
to evaluate due to the small number of cases of malignant
ScT, but only one of the malignant cases was positive for
inhibin. Expression of inhibin in our series was a good
criterion for the diagnosis of ScT, particularly in poorly
differentiated ScT NOS or in USCT. However, negative
staining does not allow excluding the diagnosis of ScT. In
cases with malignant evolution, absence of staining was
perhaps due to the modifications of some epitopes of
inhibin, related to the malignant growth, as this can be
seen in other malignancies [2]. More cases should be
studied before interpreting the absence of inhibin ex-
pression as an argument for a malignant course.

It was interesting to see that cases with low mitotic
activity, except one case generally showed inhibin ex-
pression and low MIB-1 expression. In our four cases
negative for inhibin expression, MIB-1 staining was re-
spectively 15%, 30%, 40% and 60%, which was much
higher than the rest of the population.

There also seems to be a direct correlation between
size, mitotic activity and MIB-1 expression. Tumors of
more than 3 cm in diameter, independently of their
histological differentiation, displayed between 4 and 12
mitosis per 10 HPF and MIB-1 expression was between
10% and 60%. Tumors of less than 3 cm in diameter
showed less than 4 mitosis per 10 HPF, their MIB-ex-
pression varied between 0% and 10%. Therefore, we
think that 3 cm might be a threshold value from which
mitotic activity and MIB-1 expression increases.

CD99 is expressed by 100% of normal Sertoli and
Leydig cell, but also by granulosa cells [5]. Kommoss et
al. [9] reported positive staining in 29% of non-Leydig
cell tumors. CD99 seems to be especially interesting to-
gether with inhibin in the differential diagnosis between
ovary sex-cord stromal tumors and endometrioid carci-
nomas resembling sex-cord stromal tumors [11]. Never-
theless, CD99 seems to be less useful than inhibin. In our
series, CD99 was positive in 60% of the cases and in 50%
of malignant tumors. CD99 expression was associated
with inhibin expression, but no particular histological
differentiation could be observed. Consequently, co-ex-
pression of these two antibodies does not always help to
resolve differential diagnostic problems.

Vimentin stained 75% of the ScT as in different other
studies [12, 13]. In only one series [1] were 90% of ScT

Fig. 3 Inhibin immunostaining, strong cytoplasmic expression
�400
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found to express vimentin. In our series, only 35% of the
cases expressed cytoplasmic cytokeratin. We have no
explanation for the discordant results between our study
and the findings of Amin et al. [1] showing cytokeratin
expression in 80% or more of their ScT. We used KL-1
antibody, whereas authors in other studies used CAM 5.2
or AE1/AE3 antibodies, which might explain the differ-
ence. Henley et al. [6] demonstrated cytokeratin expres-
sion in 50% of malignant ScT, which joins our results as
we also find positivity of 50% in our malignant cases. We
did not find any significant difference between benign or
malignant cases.

PRs and ERs are not detected in normal Sertoli and in
Leydig cells. They can be detected in sex-cord tumors [4].
We found more frequent nuclear expression with PRs
(65%) than ERs (20%). No correlation with the expres-
sion of other markers, histological differentiation or ma-
lignant behavior could be found. In malignant ScT, we
always observed expression of ER/PR in a concordant
way. As our study comprises only four malignant ScTs,
the value of these results it is difficult to interpret.

The expression of MIB-1 in our series allows dis-
criminating cases of tumors with unproven malignant
potential and malignant course. In cases with metastasis,
about 30–60% of the tumor cells showed a nuclear posi-
tivity while, in non-metastatic tumors, the number of
positive nuclei was always inferior to 20%. One case
showed 20% MIB expression, but was considered as a
tumor with unproven malignant potential. It should be
pointed out that the large size of the tumor (3 cm) and
high MIB-1 expression (>30%) should be regarded as
criteria for possible malignant course. Our cases dis-
playing these features are actually considered as tumors
with unproven malignant potential, but, as our study has
shown, some of these tumors present metastases 10 years
after orchidectomy. Maybe these cases should benefit
from longer and more important clinical controls.

For the diagnosis, inhibin expression seems to be in-
deed the most discriminatory antibody, but its expression
was not correlated to histological aspects or degree of
differentiation. These results permitted us to confirm di-
agnosis in difficult cases, such as poorly or undifferenti-
ated ScT. Although CD99 is not specific, positivity rep-
resents a good argument in favor of ScT diagnosis, es-
pecially in cases without immunoreactivity for inhibin. Of
ScTs, 95% displayed at least one of the antibodies: in-
hibin, vimentin and/or CD99. Cases with low mitotic
activity generally displayed low MIB-1 expression and
inhibin staining. In cases with lots of inhibin expression,
MIB-1 staining varied between 15% and 60%, and mitotic
activity increased.

It is difficult to predict the clinical course for all pa-
tients in this series, because metastases may occur many
years later. However, the four patients with metastatic
disease presented grossly and microscopic findings usu-
ally seen in malignant tumors, such as tumor size equal or
higher than 3 cm, vascular invasion and high mitotic ac-
tivity. Our study permitted us to retain two additional
criteria of malignancy which are the MIB-1 expression

over 30% and perhaps the loss of inhibin antibody ex-
pression. We think it is important to survey particularly
those patients with a tumor size over 3 cm, a high mitotic
activity and/or a MIB-1 expression over 20%.
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Abstract Somatic mutations of the BRAF gene
(BRAFV599E and BRAFK600E) were found to be closely
associated with different histotypes of papillary thyroid
carcinoma (PTC). The V599E mutation is highly preva-
lent in PTC with a papillary or mixed papillary follicular
growth pattern, and the K600E mutation is apparently
restricted to the follicular variant of PTC. It is usually

accepted that thyroid malignancies may follow a pro-
gression path from well-differentiated to poorly differ-
entiated (PDC) and undifferentiated (UC) carcinomas.
One would expect that at least some of the less differ-
entiated carcinomas would harbour the genetic alter-
ations of pre-existing well-differentiated tumours. In or-
der to find the prevalence of BRAF mutations in PDC and
UC, we screened a series of 19 PDCs and 17 UCs, as well
as 3 UC-derived cell lines, for both mutation types. The
group of PDCs was restricted to the so-called insular and
insular-like PDCs, thus excluding PTCs with solid, in-
sular or trabecular foci of growth and PDCs displaying
typical PTC nuclei. No BRAF mutations were detected in
any of the 19 cases of PDC, whereas 6 of the UCs (35%)
and one UC-derived cell line presented the BRAFV599E

mutation. The BRAFK600E mutation was not detected in
any case. We conclude that UC may progress from
BRAFV599E-mutated PTC. The absence of BRAF muta-
tions in our series of PDC supports the assumption that
pure insular and insular-like PDCs are more closely re-
lated to follicular carcinoma than to PTC.

Keywords BRAF · Oncogene · Mutation · Papillary
thyroid carcinoma · Undifferentiated thyroid carcinoma ·
Poorly differentiated thyroid carcinoma

Introduction

The thyroid gland presents a wide spectrum of tumours
derived from follicular cells that range from well-differ-
entiated papillary and follicular carcinomas (PTC and
FTC, respectively), usually carrying a good prognosis, to
the clinically aggressive, poorly differentiated (PDC) and
undifferentiated (UC) carcinomas [17].

It is usually accepted that PDC and UC occur either de
novo or progress from pre-existing well-differentiated
carcinomas through a multi-step process of mutations and
clonal expansion [17, 23, 26].
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Recently, our group and others reported a very high
prevalence of a particular missense mutation in the BRAF
gene (BRAFV599E) in PTC—46%—as well as in PTC-
derived cell lines [4, 8, 22]. We have also shown that such
a mutation occurs in a high proportion of PTCs with a
papillary or mixed papillary follicular pattern of growth
(53%) in contrast with its absence in the follicular variant
of PTC [25]; in the latter, we detected another missense
BRAF mutation (BRAFK600E) in about 9% of the cases
[25]. This genetic alteration, like the V599E, corresponds
with the activation segment of the BRAF gene (exon 15);
it had been previously detected in a few cases of mela-
noma and colorectal carcinoma [2, 15] and, by our group,
in a follicular adenoma of the thyroid [22].

Genetic alterations in PDC and UC are far from being
totally clarified. Assuming that PDC and UC may derive
from well-differentiated thyroid carcinomas, it is ex-
pected that some PDCs and UCs would harbour genetic
alterations that are typical of PTC (RET/PTC rearrange-
ments and BRAF mutations) and FTC (Ras mutations and
PAX8-PPAR gamma rearrangements) [9, 12].

Regarding the prevalence of BRAF mutations in PDC
and UC, there is very little (and contradictory) evidence
on record. The BRAFV599E mutation has been screened in
PDC by Nikiforova and colleagues [13], who found the
mutation in 2 of 16 cases (13%); the two positive cases
had a PTC component in which the BRAFV599E was also
detected. In UC, the results are contradictory: Namba and
colleagues [11] detected BRAFV599E in 2 of 6 cases (33%)
and Nikiforova and colleagues [13] found BRAFV599E in
3 of 29 UC cases (10%), while Fukushima and colleagues
[5] did not detect any BRAFV599E mutations in 7 UC
cases.

Since part of the aforementioned controversy may be
due to the small size of the samples, we decided to search
for BRAF mutations in a series of 19 PDCs and 17
UCs, as well as in 3 UC-derived cell lines. Taking into
consideration our finding of different BRAF mutations
in conventional PTCs and follicular variants of PTC
(BRAFV599E and BRAFK600E, respectively) [25], we have
specifically looked for both types of BRAF mutations in
our series of PDC and UC in an attempt to find out
whether any of them may be associated with the neo-
plastic progression of PTC.

Materials and methods

Materials

Material from 36 patients with thyroid tumours was collected from
four institutions in three countries: Hospital de S. Jo¼o/Medical
Faculty of Porto, Portugal; IPATIMUP, Porto, Portugal; University
Hospital of the State University of S¼o Paulo, Brasil; Hospital
Cl�nico Universitario, Santiago de Compostela, Spain. This study
was approved by the ethics committees of the four institutions, and
informed consent was obtained from all patients. We also studied
three UC-derived cell lines, kindly provided by Prof. J.E. Dumont
and Prof. Marc Mareel: 8505c; Hth74; c643.

The tumours were classified according to the criteria of He-
dinger and colleagues [7], LiVolsi [10] and Rosai and colleagues

[17]. The cases were screened for thyroglobulin, calcitonin, carci-
noembryonic antigen (CEA) and cytokeratins. All the carcinomas
displaying extensive immunoreactivity for calcitonin and/or CEA
(medullary carcinoma) were not included in the series. From the
group of PDCs, we also did not include PTCs with foci of a solid
growth pattern [18], PTCs with an insular component [1] and tra-
becular and/or solid thyroid carcinomas with nuclei with the typical
features of PTC nuclei [7, 10, 17]. Whenever there was disagree-
ment in the diagnosis, the sections were reviewed by the authors in
an attempt to reach a consensus. The few cases in which such
consensus was not achieved were also not included in the series.

The material was retrieved from paraffin blocks after careful
microdissection performed by an experienced pathologist. DNA
extraction was performed using the Puregene DNA Isolation Kit
(GENTRA Systems, Minneapolis, USA) following the manufac-
turers instructions. Cases in which there were doubts on the quality
of the DNA preservation have not been included in the study.

BRAF mutation analysis

To screen for BRAF mutations, we analysed DNA from tumour
tissue. We studied the regions (activation segment—exon 15) of the
BRAF gene where mutations had been previously identified in PTC.
The PCR conditions were described elsewhere [22]. The amplicons
were then subjected to single-stranded conformation polymorphism
(SSCP) analysis: PCR reaction products of BRAF exon 15 were
diluted 1:1 with loading buffer (95% formamide, 0.05% bromo-
phenol blue and 0.05% xylene cyanol), denatured at 96�C for
10 min and cooled on ice for 5 min; electrophoresis of the dena-
tured PCR products was carried out in non-denaturing 0.8� muta-
tion detection enhancement (MDE) gels (BMA, Rockland, ME
USA) at 180 V and 8�C for 15 h; PCR/SSCP products were visu-
alised by standard DNA silver staining of the gels.

BRAF sequencing analysis

Whenever a case presented aberrant bands in the SSCP analysis the
remaining PCR sample was subjected to a purifying treatment using
Exonuclease I (New England Biolabs, Inc., Beverly, USA) and
Shrimp Alkaline Phosphatase (Amersham Biosciences, Piscataway,
NJ) and subjected to automatic sequencing, using ABI Prism dGTP
BigDye Terminator Ready Reaction Kit (Perkin-Elmer, Foster City,
California) and an ABI prism 3100 Genetic Analyser (Perkin-
Elmer). Sequencing was performed on both strands using the
aforementioned primers.

Results

We did not detect BRAF mutations (V599E or K600E)
in any of the 19 PDCs (Fig. 1) despite the existence in
several cases of nuclei that superficially resembled those
of papillary carcinoma (Fig. 1D).

The BRAFV599E mutation was detected in 6 of the 17
UCs (35%) (Fig. 2). The 6 BRAF-positive UCs were
predominantly composed of spindle cells (n=3), epitheli-
oid cells (n=2) and giant cells (n=1). The histotype dis-
tribution of BRAF-positive cases is not significantly dif-
ferent from that of UC without BRAF mutation. No
BRAFK600E mutations were detected in any UC.

One of the three cell lines (8505c) displayed only
the BRAFV599E allele (Fig. 3). No BRAFK600E mutations
were detected in any of the cell lines.
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Fig. 1 A Poorly differentiated
carcinoma (PDC) of the insular-
type with wild-type BRAF (4�).
B Higher magnification of the
insular-type PDC depicted in A
(10�). C Higher magnification
of the case depicted in A and B
(40�). D High magnification of
a PDC of the insular-type dis-
playing nuclei superficially re-
sembling those of papillary
thyroid carcinoma, with wild-
type BRAF (40�)

Fig. 2 Undifferentiated carci-
noma (UC) with and without
BRAFV599E mutation with sim-
ilar histotypes. A UC predomi-
nantly composed of spindle
cells harbouring the BRAFV599E

mutation (10�). B UC predom-
inantly composed of spindle
cells with the wild-type BRAF
(10�). C UC predominantly
composed of polygonal cells
harbouring the BRAFV599E

mutation (20�). D UC predom-
inantly composed of polygonal
cells with wild-type BRAF
(20�)
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Discussion

Genetic alterations in PDC and UC are still poorly known.
It is usually accepted that less-differentiated thyroid car-
cinomas may progress from well-differentiated carcino-
mas. Since PTC is far more frequent than FTC, one would
expect that at least some PDCs and UCs would harbour
typical genetic alterations of PTC, namely RET/PTC re-
arrangements and/or BRAF mutations.

We have detected the BRAFV599E mutation in about
35% of the cases of UC and in one of the three UC-
derived cell lines. Our result fits with the finding of
Namba and colleagues (2 of 6 cases—33%—displayed
the V599E mutation) [11] and contrasts with the absence
of BRAF mutations reported by Fukushima and col-
leagues in his small series of 7 UC cases [5] and the low
prevalence reported by Nikiforova and colleagues (10%
of the UC had the mutation) [13].

The frequency of BRAFV599E mutation in PTC varies
from 29% to 69% in different series [4, 8, 22, 27], de-
pending mainly on the prevalence of PTC histotypes
which are known to be more associated with BRAFV599E

(namely papillary and mixed follicular/papillary forms of
PTC) [25].

The detection of the BRAFV599E mutation in about
one-third of UC of our series supports the assumption that
PTCs harbouring such a mutation may progress to UC. So
far, we have detected the presence of the BRAFV599E

mutation in both components of an UC displaying an
independent focus of PTC (data not shown). The search
for BRAFV599E mutations in both components of cases of
mixed PTC/UC and the analysis of the outcome of pa-
tients with BRAF-positive PTCs followed-up for long
periods will hopefully clarify whether or not BRAF mu-
tations are associated with a more frequent progression of
PTC towards UC.

We did not detect the BRAFK600E mutation in any
UCs; but, given the small prevalence of the mutation in
the follicular variant of PTC, it is difficult to evaluate the

meaning of this negative result (i.e. we cannot conclude
that PTCs harbouring this mutation do not progress to-
wards undifferentiated tumours). At variance with UC, we
did not detect BRAF mutations (V599E or K600E) in any
of the 19 PDCs.

The method we used for the selection of the cases that
constitute our series of PDC—namely the exclusion of
PTC with foci of solid growth pattern [18], PTC with an
insular component [1], and trabecular and/or solid carci-
nomas with nuclei of the PTC type [7, 10, 17]—con-
tributed to reducing the heterogeneity of tumours classi-
fied as PDC [23] and may explain the absence of BRAF
mutations in any of the 19 cases. This possibility is in-
directly confirmed by the results of Nikiforova and col-
leagues [13], who have only detected the BRAFV599E

mutation in the two PDCs displaying foci of typical PTC
in which the mutation was also detected.

The quite different percentages of RET/PTC rear-
rangement and b-catenin mutations reported in different
series of PDC [6, 16, 19, 20, 21, 24] probably reflect also
the heterogeneity of tumours that are often included under
the umbrella category of PDC [23]. In contrast to the
aforementioned heterogeneity, our series is only consti-
tuted by cases that fit the original description of insular
carcinoma [3], and by insular-like carcinomas (solid and
trabecular carcinomas without PTC nuclei) [14].

The absence of BRAF mutations in our series of 19
PDCs supports the assumption that the PDCs we analysed
are more closely related to FTC than to PTC. Our findings
thus confirm the data previously obtained by electron
microscopy, morphometry and lectin histochemistry in a
group of PDCs selected according to the same criteria
used in the present study [23].

We did not study PTC with morphological signs of
poor differentiation (solid, insular and trabecular foci) and
therefore we ignore the prevalence of the two types of
BRAF mutations in such PTC-derived poorly differenti-
ated tumours. Additional studies including these and other
morphological subtypes of PDC will help to clarify the
role played by BRAF mutations in the progression to-
wards different histotypes of less-differentiated thyroid
carcinomas.
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Abstract In the present study, we investigated chondro-
cytic characterization for newly established human chon-
drosarcoma cell lines. A chondrosarcoma cell line, HCS-
TG, was established by the implantation of grade-2 hu-
man chondrosarcoma into athymic mice. Cloning of
HCS-TG cells from passage 17 was performed. After
cell cloning, two clonal-cell lines (HCS-TG C3 and E2)
with good proliferative activities were obtained. These
cell lines in monolayer culture retained a polygonal
morphology. Their doubling times were 68 h and 45 h,
respectively. mRNA expressions of type-I, -II, -X, and
-XI collagens and aggrecan core protein were detected on
reverse-transcription polymerase chain reaction. Protein

expression of type-II collagen was confirmed in each cell
line using Western blotting. However, there was no ex-
pression of type-I collagen. Moreover, gelatin zymogra-
phy revealed that both cell lines produced extracellular
matrices with matrix metalloproteinases 2 and 9. The
parental HCS-TG cells had tumorigenicity in athymic
mice; however, C3 and E2 were not tumorigenic. New
clonal-cell lines HCS-TG C3 and E2 derived from human
chondrosarcoma are morphologically chondrocytic in
serial monolayer cultures and express chondrocytic phe-
notypes.

Keywords Chondrosarcoma · Cell line · Type-II
collagen · Proteoglycan · Matrix metalloproteinase

Introduction

Chondrosarcoma (CS) is the second most frequent pri-
mary malignant bone tumor after osteosarcoma and is
characterized by basic neoplastic histology with carti-
laginous stroma. The most frequent locations are the fe-
mur, pelvis and humerus, and approximately 62% of pa-
tients are in the fourth, fifth and sixth decades of life [3,
20, 31, 48]. Histological gradings of CS are described as
grades 1–3 and dedifferentiated CS. Approximately 70%
of CS cases are designated as grade 1 or 2 [14, 20]. These
grades correlate with the prognosis, that is, low- or in-
termediate-grade CS tends to grow slowly and metasta-
size late. This is in contrast to dedifferentiated CS, which
develops early metastases [20, 42]. The current clinical
study indicates that independent poor prognostic factors
are local recurrence, pelvic location and a high grade [25].
Though the prognosis of CS is better than other high-
grade sarcomas, such as osteosarcoma and Ewing tumor,
there are significant clinical difficulties concerning the
treatment of CS. It is well known that CS has little sen-
sitivity to chemotherapy or radiotherapy, therefore, sur-
gical excision is an essential treatment for this tumor.
However, the rates of local failure were reported as 24%
[25] and 28% [42], and, in pelvic or in high-grade cases,
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the local recurrence rate is higher than at other locations
or in low-grade cases [25]. Moreover, high-grade CS
develops metastasis frequently, despite complete local
tumor ablation. Therefore, a new treatment modality for
CS is required.

There are few experimental models, and applicable
treatment procedures from experimental results have not
been described. It is, therefore, important to establish a
model of CS with a chondrosarcomatous phenotype for
clinical investigation. Until now, there have been some
reported cell lines of CS; however, those with chondro-
cytic phenotypes were limited [4, 10, 11, 24, 45]. In this
study, new cell lines with chondrocytic phenotypes were
established from a pelvic chondrosarcoma, and the mor-
phological and molecular analyses were performed.

Materials and methods

Materials

A 36-year-old Japanese man with a grade-2 chondrosarcoma that
arose in the ilium was treated with surgery. The patient provided
written informed consent. Tumor tissue from a surgical specimen
was implanted subcutaneously (s.c.) into 6-week-old athymic mice
ICR nu/nu (Oriental Kobo, Japan), which were housed in sterile
cages. The tumor was maintained in the mice using the s.c. trocar
implantation of 3-mm tumor fragments. A tumor from a fifth
generation source was minced with scissors aseptically 1 mm and
digested in 0.1% collagenase (Sigma) and 0.6% dispase in phos-
phate-buffered saline (PBS) for 40 min at 37�C. The cell suspen-
sion was passed through a nylon mesh and washed twice using
medium.

Cell culture

The cells were placed in 35-mm culture dishes (Falcon) and
maintained at 37�C in 95% air/5% CO2. The medium used was
minimum essential medium alpha modification (a-MEM) medium
(Gibco) supplement with 20% fetal bovine serum (FBS) (Hyclone)
or 20% fetal calf serum (FCS) (Gibco), 5000 IU/ml penicillin and
5000 �mg/ml streptomycin. The culture medium was changed three
times per week, treated with 0.25% trypsin (Gibco) and split 1:3 at
confluence. When the cultures were well established, the medium
was switched to a-MEM supplement with 10% FCS and 10% calf
serum (CS) (Gibco). The cell was named HCS-TG (human chon-
drosarcoma T.G.).

Chromosomal analysis

The cytogenetic analysis of HCS-TG cells was carried out using the
G-band method. After the cloning of cell lines, each cell line was
also examined using the same method.

Cloning of HCS-TG

HCS-TG cells from passage 17 were inoculated to eight dishes at a
density of 100 cells per 100-mm culture dish (Corning). Colonies
(n=39) were obtained 5 weeks or 6 weeks after inoculation. After a
3-min treatment with 0.25% trypsin, each colony was picked up
with a pipetter, and the cell suspension with medium was trans-
ferred to a 35-mm dish.

Tumorigenicity in athymic mice

Suspensions of 1�107 HCS-TG cells were injected s.c. into the right
and left flanks of 6-week-old athymic mice ICR nu/nu, obtained
from Oriental Kobo (Japan). When tumor sizes reached approxi-
mately 3 cm at the maximum diameter, transplantation was per-
formed. Tumor samples were fixed with 20% formaldehyde and
examined histologically after staining with alcian blue, toluidine
blue and safranin-O. HCS-TG C3 and E2 cells, 1�107, were ho-
mogenized with 0.1-ml Matrigel (Becton Dickinson Labware) and
injected s.c. into the right flank of 4- or 5-week-old athymic mice.
The mice were examined for tumor growth every week for
4 months.

Immunohistochemistry on xenograft

Xenografts were fixed with 20% neutral formaldehyde and em-
bedded in paraffin wax. S-100 protein (polyclonal rabbit anti-
S-100, Dako Cytomation, Glostrup, Denmark; 1/2000 dilution)
staining was performed on an automated immunostainer (Ventana
NX system, Ventana Medical Systems, Inc.) using the avidin-bi-
otin-peroxidase technique (DAB universal kit, Ventana Medical
Systems, Inc., Tucson, AZ, USA). Ki-67 (monoclonal mouse anti-
human Ki-67 antigen clone Mib1, Dako Cytomation, Glostrup,
Denmark; 1/50 dilution) was incubated for 40 min at 95�C in
0.01 M citrate buffer (pH 6.0), using the streptavidin-biotin tech-
nique (Histofine DAB kit, Nichirei, Tokyo, Japan).

Chondrocytic characterization of clonal HCS-TG C3 and E2 alcian
blue staining

Each cell line was plated on a 24-well culture plate at 5�103 cells/
well. The cells were cultured in a-MEM supplemented with 20%
FCS or 10% FCS+10% CS, and the medium was changed two times
per week. After 12 days culture, the cells were fixed with 95%
methanol and stained with 1% alcian blue solution (pH 1.0) for 1 h
at room temperature. After observation of the staining pattern, a
semi-quantitative analysis of the plate was carried out. The stain
was extracted from the air-overnight-dried plate using 500 ml/well
of 4-M guanidium chloride. The extracts were transferred to 96-
well micro-titer plates and measured at 650 nm of absorbance using
a Micro Plate Reader (M-Emax; Molecular Device).

DMMB method

The cells, 5�104, were plated on each well of a 24-well culture
plate and cultured in the same medium as above. After 3 days or
7 days culture, the cell layer was digested using incubating at 60�C
for 3 h in 250 �l or 500 �l of papain solution. Dissolved acidic sugar
chains were quantified using the dimethylmethylene blue (DMMB)
staining method, according to the previous report [9].

Immunohistochemistry on C3 and E2 cells

Immunohistochemistry was performed using the avidin-biotin-
peroxidase technique using antibodies to S-100 protein (Dako
Cytomation, Glostrup, Denmark) and Mib1 (Dako Cytomation,
Glostrup, Denmark). As negative controls, S-100 and Ki-1 were
replaced by universal rabbit negative control (Dako, Glostrup,
Denmark) and mouse IgG1 negative control (Dako, Glostrup,
Denmark), respectively.

RNA isolation and RT-PCR

All clonal cells were cultured to confluency in 70 ml of Flasco
(Falcon), and mRNA was extracted using FastTrack 2.0 Kit (Invi-
trogen, CA, USA) according to the manufacturer’s instructions. Of
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the mRNA, 1 mg was reverse-transcribed (RT) using M-MLV re-
verse transcriptase and oligo dT (Gibco BRL, Rockville, MD,
USA). Polymerase chain reaction (PCR) analyses for specific primer
sets are described as follows: type-I collagen=50-AAGAACCC-
CAAGGACAAGAGG-30 for sense and 50-GGAGGGAGTTTACA-
GGAAGCA-30 for antisense; type-II collagen=50-CCCTGAGTG-
GAAGAGTGGAG-30 for sense and 50-ATTGGAGCCCCTGGAT-
GAGCA-30 for antisense; type-IX collagen=50-GGGCCCAGAA-
CACATAGTCCTA-30 for sense and 50-CTCCTCTCCACGCCAA-
TCAT-30 for antisense; type-X collagen=50-CTGGGACCCCTCT-
TGTTAGT-30 for sense and 50-GTTTTTACGTTGCTGCTCAC-30

for antisense; type-XI collagen (a1)= 50-CGTAACAACCCTCG-
CATTGACC-30 for sense and 50-TTCTCCACGCTGATTGCTAC-
CC-30 for antisense; type-XI collagen (a2) =CAAAACCAACAG-
CCTCAGAG for sense and CCCCTCCACGAGCATACCAG for
antisense. PCR amplification was carried out in a programmable
thermal cycler system (GeneAmp PCR System, PE Applied
Biosystems, Foster City, CA).

Denaturation for 35 cycles at 94�C for 30 s, annealing at 55�C
for 30 s, and extension at 72�C for 40 s was routinely performed
after initial denaturation for 1 min. The final cycle was incubation
for 7 min and extension at 72�C. To confirm the reverse-transcribed
cDNA of each sample, amplification was also carried out with two
G3PDH primers (Clontech, CA, USA).

All clonal cells were cultured to confluence on a 100-mm cul-
ture dish. Total RNA was isolated from the confluent dish using
ISOGEN (Nippon gene) according to the manufacturer’s instruc-
tions. Isogen (1 ml) was used for each dish. cDNA was synthesized
by oligo dT priming using Super Script Preamplification System
(Gibco BRL) from 3 mg of total RNA in a 20-ml reaction mixture
according to manufacturer’s instruction. The cDNA, 0.5–2%, was
amplified using TaKaRa PCR Thermal Cycler MP (TaKaRa) in
a 20-ml reaction mixture containing 1�PCR buffer (TaKaRa),
1.5 mM MgCl2, 200 mM dNTP mixture, 5 pmol of sense and anti-
sense primer, and 0.5 U of Taq DNA polymerase (TaKaRa). Am-
plification was performed for 25 cycles following the reaction
profile: 94�C for 1 min, 64�C for 1 min and 72�C for 2 min. The
following primer set was used as aggrecan core protein cDNA: 50-
CCCAAGAATCAAGTGGAGCCGTGT-30 for sense and 50-AAA-
GACCTCACCCTCCATCTCCTC-30 for anti-sense. Each initial
cDNA amount was normalized against the result of b-actin PCR
using the same protocol as above. The following primer set was
used with 58�C annealing and 15 cycles of amplification for the b-
actin cDNA: 50-TTGAGACCTTCAACACCCCAG-30 and 50-ACT-
TGCGCTCAGGAGGAGCAA -30.

Protein expression of type-I and type-II collagen (Western blotting)

Cells, 5�104, were plated on each well of a 24-well culture plate.
After 7 days culture, the cells were washed with PBS and lysed
directly by the addition of 200 ml of reduced sodium dodecyl sulfate
polyacrylamide gel electrophoresis sample buffer to each well.
Aliquot lysates were heated to 95�C for 5 min, loaded on to a 7.5–
15% gradient gel and transferred to nitrocellulose membranes fol-
lowing electrophoresis. The membranes were blocked with 5%
bovine serum albumin (BSA) in Tris-buffered saline (TBS) buffer
(50 mM Tris-HCl, 150 mM NaCl, pH 7.2) overnight at 4�C. Anti-
type-I collagen antibody (Calbiochem) diluted 1:40 or anti-human
type-II collagen antibody (Fuji-yakuhinkogyo) diluted 1:100 each
in TBS buffer containing 1% BSA were used as the primary anti-
bodies. After a 2 h reaction at room temperature with the primary
antibody, the membranes were washed four times with TBS-T, and
a secondary antibody reaction was carried out. As the secondary
antibody, peroxidase-conjugated affinity purified F(ab’) fragment
goat anti mouse IgG (H+L) (Jackson Immuno Research Lab, Inc.)
was used at a 1:2000 dilution in TBS buffer containing 2% skim-
med milk. Signals were detected on an enterochromaffin-like
Western blotting detection system (Amersham) as described by the
manufacturer.

Determination of MMP activity
and expression (gelatin zymography and Western blotting)

HCS-TG C3, 1�105 cells, and HCS-TG E2, 5�104 cells, were
plated on respective wells of two 24-well culture plates. After
4 days culture, both cell lines became confluent. Then the medium
was changed to fresh medium containing various concentrations of
cytokines: recombinant human IL-1 b (Genzyme, Cambridge, MA,
USA) (25, 50 or 100 U/ml), recombinant human tumor necrosis
factor (TNF) (Asahi Kasei Co., Japan) (25, 50 or 100 U/ml) or
lipopolysaccharide (LPS) IL-1 (25, 50 or 100 mg/ml) or nothing.
After 48 h additional culture, these culture media were harvested,
and gelatin zymography analyses were carried out according to a
previous report [40]. Cell lysates were also prepared for Western
blot analysis of matrix metalloproteinase (MMP)-3. The procedure
used was as listed above for type-I or type-II collagen. Anti-human-
MMP-3 antibody (Fuji-yakuhinkogyo) was used as the primary
antibody in this case.

Results

Morphological, cytochemical
and biological characterization of HCS-TG cells

HCS-TG cells were polygonal or spindle shaped in
monolayer culture and formed nodules 2 weeks after in-
oculation and were grown to confluence (Fig. 1A). Tol-
uidine blue (TB) staining (pH 4.1) demonstrated meta-
chromasia in the nodule, and alcian blue (AB) staining
(pH 2.3) demonstrated blue stain (Fig. 1B), suggesting the
presence of proteoglycan. When 1�105 cells were inoc-
ulated on 16-mm diameter wells, the formation of whitish
membranes was seen 4 weeks after inoculation. The
membranes were fixed with 20% formaldehyde and em-
bedded in paraffin. Extracellular matrices in the cross-
sections of membranes showed cartilaginous features in
TB and AB stains (Fig. 1C).

Clonal-cell line, HCS-TG C3 and E2

The cells of 39 clonal-cell lines were polygonal or spindle
shaped and showed various growth characteristics. Two
cell lines with good growth activity were selected for
further characterization and were designated C3 and E2
(Fig. 1D, E). The doubling times in the exponential
growth phase of C3 and E2 in the media with 20% FBS
were 68 h and 48 h, respectively (Fig. 2). In the medium
containing 10% FCS+10% CS, cell proliferation was also
good. However, cell growth was poor in the media with
20% FCS. The shape and proliferation of cells were stable
up to passage 45. Immunohistochemically, both clonal
cells were focally positive for S-100 (Fig. 1F, G) and
Ki67 (Mib1) (Fig. 1H).

Chromosomal analysis

Chromosomal analysis on HCS-TG indicated that the
cells had a modal number of 79. A total of 20 cells from
each cell line were analyzed for their modal number. The
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modal numbers ranged from 67 to 71 in C3 and from 62
to 73 in E2. The karyotype analysis on C3 indicated that
69,XX,-Y, +add(1)(p36),+add(1)(q11) �2, add(2)(q37),
+i(3)(p10), del(3)(q26), -4, add(5)(p15)�2, add(5)(p15),-
6,del(6)(p23), del(7)(q22), add(9)(q34), add(9)(q22), +10,
+add(11)(q13), del(11)(q?22)�2, +add(12)(q13), +del(12)
(q24), +add(13)(p11), -14, -15�2, -16,add(16)(p13), -17,
add(17)(p11), add(18)(q23), add(18)(q23), del(20)(q13)
�2, +21,+22�3, +15mar.

The karyotype analysis on E2 indicated that 67, XX,
add(1)(p11), +3, +add(5)(p11), +add(5)(p11)�2, del(6)
(p23), add(6)(q11), +add(7)(q22)�2, add(8)(q11), add(8)
(q24), add(9)(q34), der(9)add(9)(p22)add(9)(q34), +add
(11)(p11), add(11)(p11), add(11)(q13), add(12)(p11), add
(13)(q32), add(13)(p32), -15, -15, add(16)(p13), add(16)
(q24), add(17)(p11), add(17)(p13), add(18)(q23), add(18)
(q23), add(20)(p13), del(20)(q13), +21, add(21)(p11)�2,
+del(22)(q13), +13mar.

Tumorigenicity in athymic mice

In four of five mice, tumors developed following the
inoculation of HCS-TG cells. Tumors were observed
1 week after inoculation and grew to a size of 5 cm in
diameter 3 months later (Fig. 3A). Histological exami-
nations of the xenografts showed abundant homogeneous
matrix, which was stained deep pink-red with safranin O
and showed metachromasia with toluidine blue. Chon-
drocyte-like tumor cells demonstrated nuclear atypism
compatible with grade-2 CS (Fig. 3B). Immunohisto-
chemically, the tumor cells were positive for S-100 pro-
tein and Ki-67 (Mib1) (Fig. 3C, D). However, when HCS-
TG C3 and E2 cells were inoculated, no tumors devel-
oped. Therefore, HCS-TG C3 and E2 are non-tumori-
genic, whereas HCS-TG has tumorigenicity.

Fig. 1 Phase-contrast photomicrograph of HCS-TG cells (passage
11) shows polygonal shape 10 days after inoculation in monolayer
culture (A). Scale bars. 100 mm. HCS-TG cells demonstrate several
nodules at confluency, which show metachromasia with toluidine
blue staining (B). Cross-section of the membrane by HCS-TG cells
4 weeks after inoculation. Abundant extracellular matrix shows
light blue in alcian blue staining. Scale bar. 50 mm (C). Phase-

contrast photomicrograph of HCS-TG C3 (D) and E2 (E) cells
(passage15 each) shows polygonal shape 5 days after inoculation in
monolayer culture. Scale bars. 100 mm. Immunohistochemical
staining of HCS-TG E2 cells showing S-100 protein. Magnification
�10 (F) and �40 (G). HCS-TG C3 cells were positive for Mib1(Ki-
67) �40 (H)
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Proteoglycan synthesis on HCS-TG C3 and E2

C3 and E2 cells showed blue in alcian blue staining, and
semi-quantitative analysis revealed that both cell lines
have high intensity staining. C3 cells in the medium with
10% FCS+10% CS showed higher intensity than with
20% FCS (Fig. 4A). Quantitative analysis using the
DMMB method indicated that both cell lines produced
proteoglycan in each medium (Fig. 4B).

Expression of m RNA of type-I, -II, -IX, -XI collagen
and aggrecan core protein (RT-PCR)

The expected nucleotide length of the amplified products
for type-I, -II, -IX, -X, -XI (a1), -XI (a2) and aggrecan
core proteins were 461, 384, 685, 622, 465, 348, and
560 bp, respectively. Each type of collagen and aggrecan
core protein-specific RT-PCR products except type-IX
collagen were identified in both C3 and E2 cell lines
(Fig. 5, Fig. 6A).

Protein expression of type-I
and -II collagens (Western blotting)

The protein expression of type-II collagen in C3 and E2
cells was identified. The expression of type-I collagen
was not detected in either cell line (Fig. 6B).

Determination of MMP activity and expression

Matrix degradation by MMP-2 and -9 with/without cy-
tokines (IL-9, TNF and LPS) stimulation were found in
C3 and E2 cells in gelatin zymography. Amplification of
MMP-3 was detected only in C3 when treated with TNF
(Fig. 7). This result was also achieved in Western blotting
(Fig. 8).

Fig. 2 Growth curves of HCS-TG C3 and E2. Each point repre-
sents the mean value (€SD) of triplicate determinations

Fig. 3 Huge tumor (xenograft)
on bilateral flank of nude mouse
3 months after inoculation of
HCS-TG (cells) (A). Photomi-
crograph of xenograft shows
abundant homogeneous matrix,
which stains metachromasia
with toluidine blue. Chondro-
cyte-like tumor cells demon-
strated nuclear atypism. Scale
bar. 100 mm (B). Immunohis-
tochemical staining was posi-
tive for S-100 protein (C) and
Mib 1(Ki-67) (D) on xenograft.
Mib1 index was 20%
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Fig. 4 Semi-quantitative analysis of the extracted dye in alcian
blue staining revealed that staining intensity in C3 and E2 are high.
C3 cells in the medium with 10% fetal calf serum+10% calf serum
(F/C) showed higher intensity than with 20% fetal calf serum (A).

Quantitative analysis using dimethylmethylene blue method re-
vealed that glycosaminoglycan production in both C3 and E2 from
early phase in monolayer culture. F/C: 10% fetal calf serum+10%
calf serum (B)

Fig. 5 Reverse-transcription polymerase chain reaction analysis of
type-I, -II, -IX, -X, -XI (a1), -XI (a2) collagens in HCS-TG C3 and
E2. Lane M, 1 kilobase DNA; lane 1, type-I collagen (C3); lane 2,
type-I collagen (E2); lane 3, type-II collagen (C3); lane 4, type-II
collagen (E2); lane 5, type-IX collagen (C3); lane 6, type-IX col-

lagen (E2), lane 7, type-X collagen (C3), lane 8, type-X collagen
(E2); lane 9, type-IX (a1) collagen (C3); lane 10, type-IX (a1)
collagen (E2); lane 11, type-IX (a2) collagen (C3); lane 12, type-
IX (a2) collagen (E2); lane 13, G3PDH (C3); lane 14, G3PDH (E2)

Fig. 6 Reverse-transcription polymerase chain reaction analysis of
aggrecan core protein in HCS-TG C3 and E2. Lane 1, b actin (C3);
lane 2, b actin (E2); lane 3, aggrecan core protein (C3); lane 4,
aggrecan core protein (E2) (A). Western blotting of type-I and -II
collagens in HCS-TG C3 and E2. Expression of type-II collagen
was detected in both C3 and E2, but not type-I collagen. Lane 1,

type-I collagen standard (STD) (positive control); lane 2, type-II
collagen STD (positive control); lane 3, C3 cultured with fetal calf
serum (FCS); lane 4, E2 cultured with FCS; lane 5, C3 cultured
with FCS and calf serum (CS); lane 6, E2 cultured with FCS and
CS (B)
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Discussion

Human cartilaginous matrix includes type-II, -IX, -X [8,
30], -XI [7, 32] collagens, and cartilage proteoglycan
includes core protein, chondroitin sulfates, hyaluronic
acid and keratan sulfate [21, 29, 33, 34]. These are gen-
erally found in various normal cartilages. The types of
collagens in the matrix of CS are similar to normal car-
tilage and have been detected in in vitro studies, that is,
type-II [10, 24, 45], -IX [11], -X [10], -XI [11] collagens.
However, type-I collagen has been detected in two human
CS cell lines [10, 24]. In immunohistological studies,
type-I collagen has also been demonstrated in grade-1 and
grade-2 CS. Immunoreactivities to type-II collagen were
detected in all grades; however, they were relatively weak
in grade-3 CS [47]. Type-II and -IX collagens are widely
detected immunohistochemically in enchondroma and CS
[22]. HCS-TG C3 and E2 expressed many cartilage-spe-
cific collagen mRNAs, including type-II, -X and -XI.
Moreover, mRNA of type-I collagen was found in each
cell line, although its protein expression was not detected

on Western blotting. This is probably because of low
expression of type-I collagen in these tumor cells. Ex-
pression of type-I collagen increases, while that of type-II
collagen decreases upon subculturing in cultured chon-
drocytes [13, 35]. In the same manner, type-I collagen
increases with loss of cartilaginous phenotype in CS [2].
We believe that CS cell, which expresses type-I collagen
at mRNA level, has potency to lose cartilaginous phe-
notype and obtain more malignant characteristics. Previ-
ous authors have reported that several cell lines with
chondrocytic phenotypes have different types of collagens
as follows: HCS 2/8 [45] expressed type-II collagen and
not type-I collagen; CS-OKB [10] expressed type-I, -II,
-III, -IV and -X collagens; OUMS-27 [24] expressed type-
I,-II and -III collagens; Ch-1 [11] expressed type-IX and
-XI collagens and ch-2879 [16] expressed type-II colla-
gen. Thus, each CS cell line has expressed various types
of collagens, including non-cartilaginous collagens, and
their phenotypes were distinctive from each other. CS
cells probably have different cartilage differentiation from

Fig. 7 Gelatin zymography of matrix metalloproteinase (MMP)-2,
-3 and -9 with IL-1, tumor necrosis factor (TNF) and lipopoly-
saccharide on C3 and E2. Matrix degradation in MMP-2 and -9

with/without cytokines treatment in C3 and E2 cells were found.
Amplification of MMP-3 was detected only in C3 with TNF
treatment

Fig. 8 Western blotting of ma-
trix metalloproteinase (MMP-3)
in C3 and E2 cells. Amplifica-
tion of MMP-3 was detected
only in C3 with tumor necrosis
factor treatment
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normal cartilage, and they often have undifferentiated
mesenchymal characteristics.

Analysis of proteoglycan in the matrix of CS showed
that keratan sulfate and chondroitin sulfate were dominant
[5, 18, 28, 33, 44, 46] and that there were no significant
differences between the grades and distribution of gly-
cosaminoglycans (chondroitin 4-, chondroitin 6- and kera-
tan sulfates) [27]. However, the results for hyaluronic acid
are variable [18, 44]. Herwing [18] indicated that an in-
crease in the proportion of keratan sulfate was associated
with CS grade. Aggrecan [10, 11] biglycan and decorin
[11] were demonstrated in two cell lines. Though a de-
tailed analysis of the distribution of proteoglycan was not
carried out in this study, the extracellular matrices of
HCS-TG cells in high-density culture and those of C3 and
E2 cells in monolayer culture were shown to have pro-
duced proteoglycan from the results of alcian blue and
toluidine blue staining. In clonal-cell line C3 and E2, the
high intensity of alcian blue staining and the results of
quantitative analysis (DMMB method) proved the exis-
tence of proteoglycan synthesis. Moreover, the expression
of mRNA of aggrecan core protein was detected in both
cell lines.

It is well known that S-100 protein also expresses in
various cartilaginous tumors [1, 36, 38, 50]. Several au-
thors reported expression of S-100 protein in cultured CS
cells [10, 16]. In this study, immunohistochemical stain-
ing was positive for S-100 protein on both clonal cells and
xenograft.

Thus, HCS-TG C3 and E2 have chondrocytic pheno-
types, including many types of collagen and proteoglycan
that are characteristic of cartilage. These characteristics
are unique compared with the cell lines with cartilaginous
phenotypes reported previously [4, 10, 11, 24, 45].

The identification of consistent chromosomal translo-
cations associated with tumors is one of the recent ad-
vances in the molecular study of mesenchymal tumors.
These translocations result in recombined fusion genes. In
extraskeletal myxoid CS, the gene fusion is EWS-CHN,
due to the t(9:22)(q22;q11). However, in conventional CS,
neither specific chromosomal aberrations nor fusion genes
are known; whereas, some karyotype analyses of CS have
revealed many numerical and structural chromosomal
aberrations, including chromosomal rearrangements and
deletions of entire chromosomes [6, 12, 15, 19, 26]. In this
study, both C3 and E2 cells exhibited represent complex
chromosomal aberrations, however break-points concern-
ing tumor genetics were unknown.

Further characterization of HCS-TG C3 and E2 indi-
cated the expression of MMP-2 and -9. MMP-3 was de-
tected only in C3 with TNF treatment; it was not detected
without cytokines in either cell line. MMP-1, -2, -3, -9 and
-13 play a role in the degradation of normal cartilage, in-
cluding the resolution of proteoglycans and collagens. Sev-
eral studies of human cartilage chondrocytes have dem-
onstrated that IL-1 stimulates proteogylcanase (MMP-3)
[17] and that recombinant human IL-1a or TNF a causes
increased production of latent MMPs (collagenase and
caseinase) [43] or MMP-3 [37]. From the results of pre-

vious reports, the MMPs and the reactions of the cytokines
of HCS-TG C3 and E2 have different characteristics to
normal or degenerated chondrocytes. However, many hu-
man tumors express various MMPs, the expression of
which may play a role in the proliferation and metastasis of
tumor cells [39]. A study by Kawashima suggested that the
increased expression of MMP-1 and -9 and the decrease in
MMP-3 expression are associated with malignant carti-
laginous tumors [23]. Berend described that a high ratio of
MMP-1 to tissue inhibitor of MMP-1 in CS may be in-
dicative of a more invasive and aggressive tumor and of a
worse prognosis [3]. Another study indicated that MMP-2
or the tissue inhibitor of MMP-2 demonstrates a significant
correlation with CS grade [41]. Furthermore, the expres-
sion of MMP-13 is found in CS immunohistochemically in
contrast to its absence in chondromas [49]. According to
these results, the expression of MMP-2 and -9 in HCS-TG
C3 and E2 seems likely to be one of their malignant
manifestations.

In conclusion, new clonal-cell lines HCS-TG C3 and
E2 derived from human chondrosarcoma have been es-
tablished. These cells are morphologically chondrocytic
in serial monolayer cultures and express chondrocytic
phenotypes, including type-II, -X, -XI collagens and
proteoglycans. To our knowledge, there have been few
human CS cells that express the majority of cartilage
collagens. We believe that these cell lines will be very
useful in the investigation of new modalities for CS
treatment and for research into cartilage metabolism.
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Abstract Endometriosis of the urinary bladder is un-
common, and malignant transformation within vesical en-
dometriosis is extremely rare. Vesical endometriosis and
Mullerianosis can cause problems in differential diagnosis
with vesical neoplasm, and, conversely, primary vesical
neoplasm arising in endometriosis can be difficult to
distinguish from secondary vesical involvement. Mulle-
rianosis has rarely been described in the urinary bladder.
A case of endometrioid adenocarcinoma of the urinary
bladder is reported, which illustrates the difficulties in
diagnosis and the importance of morphology and ancillary
studies in establishing the correct diagnosis.

Keywords Endometriosis · Mullerianosis · Bladder ·
Endometrioid · CD10

Introduction

Endometriosis is defined as the presence of endometrial
tissue outside the uterus [7]. The most common sites af-
fected are the ovaries, uterine ligaments, recto- and ves-
icovaginal septae, pelvic peritoneum, cervix, labia and
vagina. Less commonly, it can involve the urinary blad-
der, ureters, intestines, skin and laparotomy scars. The
urinary bladder is involved in less than 1% of cases [1, 8,
10, 11]. Malignant transformation of endometriosis is
well documented, with endometrioid and clear-cell car-
cinomas being the most common malignancies described.
Malignant transformation of Mullerian-derived epitheli-

um in extra-gonadal sites is exceeding rare. Epithelial
structures of Mullerian origin other than endometriosis,
including endocervical and tubal-type epithelium, have
been described in extra-uterine sites, and the term “Mul-
lerianosis” has been proposed for lesions containing ad-
mixtures of endosalpingiosis, endometriosis and endo-
cervicosis at any site [14]. Only five cases of benign
proliferation of Mullerian glandular epithelium, other than
endometriosis, within the urinary bladder have been re-
ported [5, 6, 14]. We report a case of endometrioid car-
cinoma arising within endometriosis of the urinary blad-
der.

Case report

A 53-year-old female, 2 years postmenopausal, was referred for
investigation of intermittent painful gross haematuria over a 6-week
period. She was otherwise well and was not taking hormone re-
placement therapy.
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Fig. 1 Adenocarcinoma of endometrioid type infiltrating bladder
wall (haematoxylin and eosin �100)



Intra-venous pyelogram suggested a filling defect in the blad-
der. Cystoscopy confirmed a tumour in the posterior wall of the
bladder, 1 cm in diameter. The tumour was resected transurethrally.

Bladder tumour chippings at presentation contained fragments
of bladder wall infiltrated by adenocarcinoma with typical mor-
phology of endometrioid type (Fig. 1), including areas of squamous
differentiation. Tumour infiltrated within the lamina propria un-
derneath intact urothelium, and invasion of muscularis propria was
present. Multiple foci of benign Mullerian tissue, including foci of
endometriosis (Fig. 2a) and glands of endocervical and tubal type
were present within the bladder wall. Atypical hyperplastic changes
were present within endometriotic foci (Fig. 3). Immunohisto-
chemical staining for CD10 demonstrated endometrial stroma sur-
rounding glands in foci of benign and atypical endometriosis
(Fig. 2b).

Subsequent transurethral resection contained foci of residual
endometriosis and some foci of endocervicosis. Pelvic computed
tomography scan demonstrated adhesions between the uterus and
bladder and raised the possibility of a primary endometrial neo-
plasm with secondary involvement of the bladder. The patient
subsequently underwent hysterectomy with resection of the poste-
rior wall of the bladder, which was adherent to the uterus. A single

microscopic focus of endometrioid-type adenocarcinoma was pres-
ent on the serosal aspect of the anterior wall of the uterus, but there
was no evidence of a primary endometrial carcinoma. Multiple foci
of endometriosis were present within the posterior wall of the
bladder, and ovarian endometriosis was also present.

Discussion

Neoplastic transformation is a rare complication of en-
dometriosis, documented in 0.3–0.8% of cases of ovarian
endometriosis [7]. Of neoplasms, 75% complicating en-
dometriosis arise in the ovary, and the majority (almost
70%) of these are of endometrioid type. The most com-
mon extra-ovarian site of neoplastic transformation in
endometriosis is the rectovaginal septum, and at least
90% of cases of carcinoma arising in extra-ovarian en-
dometriosis are of endometrioid type [7]. Clear-cell car-
cinoma is the second most common malignancy arising in
endometriosis, and a small number of cases of a variety of
other tumour types have been described.

The urinary bladder is believed to be involved in en-
dometriosis in approximately 1% of all cases, and, until
recently, only endometrioid-type proliferation was de-
scribed. More recently, however, Mullerianosis of the
urinary bladder has been reported [5, 6, 14]. Endometri-
osis and Mullerianosis of the urinary bladder can be dif-
ficult to distinguish, both clinically and radiologically,
from vesical neoplasm.

Malignant transformation of endometriosis within the
urinary bladder is a rare phenomenon, with only six cases
to date reported in the literature [2, 3, 4, 13]. Of these
cases, five were adenocarcinomas and one was adeno-
sarcoma.

Criteria for establishing endometriosis as a precursor
lesion of carcinoma in foci of extra-gonadal endome-
triosis were originally proposed as: (i) there must be

Fig. 2 a Endometriosis within the bladder wall (haematoxylin and
eosin �200). b Endometriosis within the bladder wall: CD 10 im-
munohistochemistry demonstrates endometrial type stroma (CD10
�200)

Fig. 3 Atypical hyperplasia in endometriosis (haematoxylin and
eosin �200)
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clear evidence of endometriosis present in close prox-
imity to the tumour; (ii) no other primary tumour can be
found, (iii) the histological appearance must be such that
its origin from endometriosis is possible. Demonstration
of a dysplastic phase between the benign endometriosis
and the carcinoma may be the most convincing feature.
Endometriosis within the bladder wall must also be
distinguished from urachal glandular remnants, and ves-
ical endometrioid adenocarcinoma arising in endome-
triosis must be distinguished from primary vesical ade-
nocarcinoma, including adenocarcinoma arising in ura-
chal remnants. Demonstration of endometrial-type stro-
ma is crucial in this regard. Expression of CD10 by
endometrial stromal cells is a sensitive and specific
marker of endometriosis [9, 12] in extra-gonadal sites. In
the case reported here, strong CD10 expression was
demonstrated in many foci of endometriosis in the blad-
der wall, confirming endometriosis and supporting the
diagnosis of endometrioid carcinoma ex endometriosis.
Interestingly, CD10 was negative in foci of endocervi-
ciosis.

Vesical Mullerianosis is uncommon, and neoplastic
transformation of vesical Mullerianosis is even less
common. Close attention to morphology, particularly the
presence of atypical hyperplasia within foci of endo-
metriosis/Mullerianosis, is central to correct diagnosis.
Demonstration of CD10 expression by endometrial stro-
mal cells in foci of endometriosis is a useful adjunct in the
diagnosis of endometrioid carcinoma arising in endome-
triosis in extra-gonadal sites.
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Abstract Pyogenic granuloma is a lobular capillary hem-
angioma that mostly occurs on the skin, but it is also
encountered on the mucosal surface of the oral cavity.
Only a few cases in other parts of the digestive tract have
been reported in Japanese patients. In this report, two
Caucasian patients are described, who presented with
gastrointestinal bleeding due to the presence of a pyo-
genic granuloma. One was located in the distal esophagus
and could be treated with local excision and laser-pho-
tocoagulation therapy. The other one was located in the
small intestine and was removed by surgical resection.
Although extremely rare, pyogenic granuloma as a cause
of gastrointestinal bleeding needs consideration. The le-
sion is benign, presumably reactive and can be adequately
treated by excision or laser photocoagulation. Immuno-
histochemistry and/or polymerase chain reaction for her-
pesvirus 8 can reliably distinguish pyogenic granuloma
from Kaposi’s sarcoma, an important differential diag-
nosis.

Keywords Pyogenic granuloma · Esophagus · Small
intestine · Gastrointestinal bleeding · HHV-8

Introduction

Pyogenic granuloma is a lobular capillary hemangioma
that presents as a polypoid red mass with a size of several
millimeters to a few centimeters. It is friable, bleeds

easily and resembles exuberant granulation tissue. The
overlying epithelial lining is flattened and mostly ulcer-
ated [5]. The lesion is found on the skin, particularly the
lips, face and fingers and, furthermore, on the mucosal
surface of the oral cavity and tongue [2]. Sexes are af-
fected equally, and the disease is evenly distributed over
all ages. It is a benign tumor thought to be reactive—e.g.,
due to minor trauma—and excision is, in general, cura-
tive.
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Fig. 1 Low-power view of the pyogenic granuloma in the ileum.
The lesion protrudes into the lumen and extends into the submucosa



To our knowledge, only very few cases of pyogenic
granuloma occurring in other parts of the gastrointestinal
tract than the oral cavity have been reported, and these
patients all came from Japan [6]. In a Dutch patient, a
case of multiple angiomatous proliferations reminiscent of
pyogenic granuloma has been described in an ileal stoma
following Campylobacter enteritis. However, the lesions
did not show an obvious lobular architecture, and the
endothelial cells were not as bland as usual in a pyogenic
granuloma [4]. We have recently seen two patients re-
ferred to our institution for gastrointestinal blood loss
caused by a pyogenic granuloma of the distal esophagus
and of the ileum, respectively. The occurrence of these
lesions with their clinicopathological features and differ-
ential diagnosis were evaluated and are described in this
report.

Clinical history

Case 1

A 55-year-old female suffered from repeated melena and had
anemia. At colonoscopy, it was felt that the bleeding might be due
to angiodysplasia, but no obvious and specific abnormality could be
seen. The patient underwent an ileocecal resection. Grossly, a
polypoid lesion in the ileum 8 cm from the ileocecal valve was
visible in the resected specimen. It measured 9 mm in diameter and
protruded into the lumen (Fig. 1). The surface was eroded.

Case 2

A 55-year-old female presented with hematemesis and dysphagia.
At endoscopy, a small lobulated mass was seen in the distal
esophagus (Fig. 2) with ulceration at the surface. The polypoid
lesion measured 11 mm in largest diameter. A polypectomy with
laser photocoagulation therapy was performed.

Materials and methods

Surgical and biopsy specimens were all fixed in 10% buffered
formalin, embedded in paraffin and cut in 4-mm sections. Hema-

Fig. 2 A Endoscopic picture of the pyogenic granuloma of the
esophagus. B The microscopic picture shows a mucosal vascular
nodule protruding into the lumen. C At higher power, the capillary

arrangement with edematous inflamed stroma in between is rec-
ognized. D Factor-VIII immunoperoxidase shows positive staining
of endothelial cells
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toxylin and eosin-stained section slides were prepared for histo-
logical evaluation, and the clinical history was reviewed.

Immunohistochemical stains were performed using the Power
Vision poly-horseradish peroxidase methodology with primary
antibodies against Factor VIII-related antigen, smooth muscle
antigen (SMA), CD34 and human herpesvirus 8 (HHV-8). The
HHV-8 antibody is a rat monoclonal antibody against ORF-73 of
the virus (ABI, Columbia, MD, USA) that causes Kaposi’s sarcoma
[1].

For the polymerase chain reaction (PCR) of HHV-8, two 4-mm
tissue sections were deparaffinated using, subsequently, xylene and
ethanol. After centrifugation, the tissue was digested overnight at
60�C using 50 ml of a 50 mM TRIS/HCl buffer (pH 8.5) with 0.2%
Tween, 1 mM EDTA and proteinase K at a final concentration of
1 mg/ml. After proteinase K inactivation, for 5 min at 95�C, the
ORF65 and ORF73 regions of HHV-8 were amplified out of 1-ml
DNA solution using a nested PCR protocol as previously described
[3]. As a DNA control, a non-nested CCR5-specific PCR, with the
oligonucleotides 50-GATAGGTACCTGGCTGTCGTCCAT and 50-
ACCAGCCCCAAGATGACTATCT as sense and antisense pri-
mers, respectively, was performed concurrently with the first round
of the ORF65 and ORF73 PCRs. The amplified fragments were
identified using 1.5% agarose gel electrophoresis.

A well-established intestinal Kaposi’s sarcoma in an acquired
immunodeficiency syndrome (AIDS) patient was included as pos-
itive control for the immunohistochemistry and PCR for HHV-8.

Results

The microscopic appearance of both lesions was similar.
The ileal lesion involved the mucosa and extended into
the submucosa. The surrounding mucosa was unremark-
able, and the cecum was also normal. The lesion in the
esophagus only involved the mucosa. Both lesions were
ulcerated on their mucosal surface. The lesions had a
lobular architecture and consisted of clusters of small
capillary vessels lined by a single layer of bland endo-
thelial cells. The edematous stroma contained variable
amounts of inflammatory cells, including neutrophils.

Immunohistochemistry showed positivity for CD34
and factor VIII in the endothelial cells and SMA-posi-
tivity in surrounding pericytes. Immunohistochemistry
and PCR for HHV-8 were negative in the two lesions,
whereas it was clearly positive in the control Kaposi’s
sarcoma (Fig. 3).

Discussion

The macroscopic and microscopic features described
above are those of a pyogenic granuloma. To our knowl-
edge, only five cases of pyogenic granuloma in the gas-
trointestinal tract have been reported, and these were all

Fig. 3 Microscopy (hematoxy-
lin and eosin) of the intestinal
Kaposi’s sarcoma (A), with the
positive immunohistochemistry
for herpesvirus 8 (HHV-8) (B);
whereas, the HHV-8 immuno-
histochemistry in the pyogenic
granuloma (C) is negative. The
agarose gel of the polymerase
chain reaction (PCR) products
(D) shows positive bands for the
household gene in the first three
lanes of the left panel (CCR 5)
as a control for proper DNA
isolation. The middle and the
right panel provide the nested
PCR products of ORF65 and
ORF73 of HHV-8 respectively.
Lanes 1 and 2 are the pyogenic
granulomas of cases 1 and 2.
Lane 3 is the intestinal Kaposi’s
sarcoma in an acquired immu-
nodeficiency syndrome patient.
Lane 4 is the positive control.
Lane 5 is a negative control,
lane 6 is a paraffin block with-
out tissue and lane 7 is H2O, the
latter two to exclude contami-
nation
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Japanese patients [6]. One case occurred in the stomach,
two in the jejunum, one in the ileum and one in the sig-
moid colon. This report describes the first case, which
was in the esophagus. Blood loss and anemia were the
main clinical symptoms. The patient with the esophageal
pyogenic granuloma described in this report also had
dysphagia.

Endoscopy and radiological imaging techniques, such
as angiography and radioactive-labeled red-blood-cell
scintigraphy can be used to detect the lesion [6]. Local
excision with or without photocoagulation or segmental
resection is the treatment of choice. The lesion needs to be
differentiated from Kaposi’s sarcoma. Kaposi’s sarcoma is
typically encountered in patients with AIDS, who fre-
quently have lesions at other locations as well. Grossly,
Kaposi’s sarcoma has a darker, more bluish color than
pyogenic granuloma, and it is mostly covered by a moistly
glistening intact mucosa. Microscopically, Kaposi’s sar-
coma has slit-like vascular channels lined by atypical
endothelial cells, and it shows extravasation of red blood
cells, features not encountered in pyogenic granuloma.
Compared with pyogenic granuloma, Kaposi’s sarcoma
is less well circumscribed. Kaposi’s sarcoma is usually
positive for HHV-8, whereas pyogenic granuloma is neg-
ative.

Pyogenic granuloma is a benign lesion that is consid-
ered reactive, e.g., as the result of minor trauma. How-
ever, the precise etiology is unknown. On the skin satel-
lite lesions have been described, which argues against
trauma as the sole cause. On the skin and in the mouth,

the lesions are found more frequently during pregnancy,
and, therefore, hormonal influences may also play a role.
All the gastrointestinal pyogenic granulomas reported
thus far occurred in elderly patients; however, they oc-
curred in both males and females.

In summary, gastrointestinal pyogenic granuloma ap-
parently is a rare cause of hemorrhage in the digestive
tract. Awareness of this infrequent benign lesion makes it
easy to diagnose and treat it properly.
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Sir, Gastrointestinal stromal tumor (GIST) is a neoplasm
with recently established diagnostic criteria (immunore-
activity to CD117). The most common anatomical site of
GIST occurrence is the stomach, followed by small bowel
and colon [1]. Despite the term gastrointestinal, they have
also been reported in extraintestinal sites, such as the
omentum, retroperitoneum and mesentery. We present
two cases of tumors arising from unusual sites, one from
the retroperitoneum and one from the pancreas, with the
latter representing the first report in the literature of a
GIST in such a topography.

The first case concerns a 48-year-old female patient
who had a mass on her left hypochondrium detected on a
routine evaluation. Radiological follow-up revealed pro-
gressive growth, and a laparotomy was performed. At
operation, the tumor was located between the stomach and
spleen. Adhesions with these organs were present, more
pronounced in the spleen. The mass was resected en bloc
with the spleen and a gastric margin.

Gross evaluation revealed a 19�17.5�6-cm whitish
granular tumor. Histological sections stained with hema-
toxylin-eosin revealed a neoplasm composed of fusiform
cells arranged in bundles. Mild atypia and nuclear pal-

isading areas were also present (Fig. 1A). A rich hyaline
matrix and calcifications were observed. Mitotic count
was 6/50 high-power field (HPF). Tumor infiltration was
not present in the spleen or in the gastric margin. Im-
munohistochemical assessment displayed positivity to
CD117 and CD34. Desmin and synaptophysin yielded
negative results.

In the second case, a 67-year-old female patient pre-
sented with epigastric pain and gastric bloating associated
with weight loss. Radiological examination revealed a
cystic tumor in the body of the pancreas. Since there was
no history of pancreatitis and due to the tumor location, a
primary neoplasm was suspected, and surgery was pro-
posed. At exploration, a cystic mass was present in the
transition of the body to the tail of the pancreas. A biopsy
was performed, and frozen section examination was
consistent with malignancy. A distal pancreatectomy with
splenectomy was undertaken.

On gross evaluation, the pancreatic surface was de-
formed by a 20�19�12-cm mass with both solid and cystic
areas. Histological section revealed a tumor with both
epithelioid and fusiform cells arranged to form nodules
and bundles (Fig. 1B). Atypia was prominent, as was ne-
crotic foci and vesicular chromatin. Mitotic count was
unusual: 120/50 HPF (Fig. 1C). Immunohistochemical
examination was positive to CD-117 (Fig. 1D) and CD34.
Results for CK7, CK20, desmin and synaptophysin were
negative.

The patient presented with weight loss and abdominal
pain in the first month after surgery. Investigation dis-
played recurrence of the disease, with findings of peri-
toneal spread and retroperitoneal nodal enlargement. The
patient is currently enrolled in a STI-571 protocol.

Despite being the most common non-epithelial neo-
plasm of the stomach and small bowel, GIST occurs in-
frequently [2]. In a population-based study, this tumor
accounted for 2.2% of gastric cancers, 13.9% of small
bowel cancers and 0.1% of colorectal cancers [10].

In addition to the GI tract, GIST has also been reported
in the omentum, retroperitoneum, mesentery and, more
rarely, in the bladder and gallbladder [3, 4, 6, 7]. These
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unusual locations account for 5% of primary sites har-
boring GISTs [1]. To the best of our knowledge, this is the
first description of a pancreatic GIST.

Clinical presentation of tumors outside the GI tract
tends to be different from their GI counterpart. Due to lack
of mucosal connection and the deeper location, omental
and retroperitoneal lesions are usually asymptomatic or
present as vague abdominal pain and may achieve large
dimensions when detected, frequently larger than 10 cm
[3, 7]. In the cases reported herein, unspecific abdominal
pain and bulking tumors (19 cm and 20 cm in greater
dimensions) were present.

The diagnosis of GIST is based on histological and
immunohistochemical features. The most valuable im-
munohistochemical marker for the diagnosis of GIST is
CD-117 [9]. According to experts’ consensus, it is the
gold-standard diagnostic criterion and should be routinely
performed [1]. However, CD-117 positivity should be al-
ways interpreted based on histological findings. Immu-
nohistochemical profile of GISTs also includes positivity
for CD34 in 60–70% [1]. Markers such as desmin/smooth-
muscle actin, S100, glial fibrillary acidic protein and
chromogranin/synaptophysin are helpful when evaluating
mesenchymal tumors with possible myogenic, schwanni-
an, glial or neuronal differentiation, respectively [8].

On an individual-case basis, only mitotic count and
tumor size have gained acceptance as predictors of out-
come [5]. According to a consensus, tumors larger than
5 cm with more than 5 mitoses per 50 HPFs as well as
tumors larger than 10 cm, regardless of mitotic count,
should be considered lesions with high risk for aggressive
behavior. The two GISTs of this report presented as high
risk for aggressive behavior, with the pancreatic one
displaying an explosive mitotic count. This latter finding
was corroborated by the early recurrence despite complete
surgical resection.
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as well as Diagnostic Pathology – with immunohistochemical and
molecular correlations – and translational research. Renowned ex-
perts in the field from both sides of the Atlantic will present up-
dated comprehensive reviews of significant areas of Pathology. In
addition, a new section of the meeting will be devoted to a Patho-
logy Review Course. Platform and Poster presentations will also
be an important part of the program.

For further information, please contact:
Josep Lloreta-Trull, M.D., Ph.D. (chairman)
Department of Pathology, Hospital del Mar-IMAS-IMIM
Universitat Pompeu Fabra
Passeig Maritim 25–29, 08003-Barcelona, Spain
Tel.: +34 93 248 30 31
Fax: +34 93 248 31 31
E-mail: jlloreta@imas.imim.es.
The Application form and Abstract form can be found on the
meeting website, http://www.tilesa.es/ultrapath04/

27–30 July 2004, London
Practical Pulmonary Pathology

This course is designed to provide histopathology and cytopatho-
logy trainees and consultants with an opportunity to study dia-
gnostic lung pathology in a comprehensive manner. It comprises
lectures and practical microscopy sessions, the latter making up
roughly half the time and consisting of individual study of a
unique collection of cases.

For further details and application forms please contact:
Professor B Corrin, 
Brompton Hospital
London SW3 6NP
Fax: +44 20 7351 8293. 
E-mail: b.corrin@ic.ac.uk

9 September 2004
One day course on Advanced Ultrasound of the Breast
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

23–24 September 2004 (Change of date)
Thyroid Pathology for the Practicing Pathologist
15 rue de l’Ecole de Médecine, Paris, France

A 2-day course will take place in Paris under the auspices of the 
French Division of the I.A.P. This course will be given in English by
Prof. M. Sobrinho-Simoes (Porto) and Prof. R. Heimann (Brussels).

It will consist of lectures alternating with slide reviews and a
slide seminar over a multihead microscope. The cases of this
seminar will be sent (on CD) before the meeting. The audience
will be limited to 22 participants. 

Course fee: 390 euros (320 euros for members of any IAP divi-
sion). The fees include registration, hand-out, CD of the slide se-
minar and coffee breaks.
For further information, please contact: 
Mrs. M. Fontanière
Administrative Secretary
French Division of the I.A.P. 32 Cours Albert Thomas
69008, Lyon, France
Fax: 33478754311
E-mail: academie.pathologie@wanadoo.fr

11 October 2004
Continuing Medical Education
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk

22–24 November 2004
41st Nottingham Multi-disciplinary Course on breast disease
Nottingham, UK

For further information contact:
The Blamey Education Centre
Nottingham Breast Institute
City Hospital, Nottingham, NG5 1PB, UK
Tel.: 00 44 (115) 969 1689
E-mail: sbury@ncht.trent.nhs.uk
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