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Summary. Alphal-antitrypsin has been examined in formalin-fixed, par- 
affin-embedded liver specimens from Greek patients with cirrhosis 
(35 cases) and hepatoma (55 cases) by peroxidase-antiperoxidase (PAP) 
method. Ring-like AAT globules were found in the non-neoplastic cells 
in 12% of the cases of hepatoma and in 11% of the cases of cirrhosis. 
Atypical globules were seen in neoplastic cells in 5.4% of the cases 
of hepatoma and in 17% of the cases of liver cirrhosis. A diffuse fine 
granular pattern of AAT distribution was present in 31% of the cases 
of hepatoma in the neoplastic cells and in 27% of those in the non- 
neoplastic cells. The relatively high incidence of ring-like AAT-globules, 
and of atypical globules in cases of hepatoma and cirrhosis is not in 
agreement with the extremely low gene frequency of Z allele in a Greek 
population of patients with cirrhosis and hepatoma. Thus, there is some 
doubt whether AAT-globules in the liver represent a histopathologic 
marker of genetically determined AAT deficiency. A relationship be- 
tween AAT deposits and the degree of differentiation of hepatoma was 
noted in this series. AAT-positive cells were found in 55% of moderately 
differentiated, in 29% of highly differentiated and in 20% of poorly 
differentiated hepatomas. 
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Introduction 

The association of alphal-antitrypsin (AAT) deficiency with pulmonary em- 
physema and with neonatal hepatitis and cirrhosis in the childhood is now 
well established. Pi z allele was found to be responsible for low serum AAT 
levels, and a number of adults having phenotype ZZ may present hepatic 
cirrhosis with or without pulmonary disease after middle age, although 
the severity and the type of histological changes are not related to the 
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degree of the AAT deficiency (Berg and Eriksson 1972; Eriksson 1964; 
Eriksson and H/igerstrand 1974). The mechanism by which this occurs 
remains obscure (Kelly et al. 1979). There are also numerous reports of 
hepatocellular carcinoma (HCC) developing in such cases (Aagenaes et al. 
1974; Berg and Eriksson 1972; Eriksson 1974; Ganrot et al. 1967; Kelly 
etal. 1979; Lieberman 1974; Lieberman et al. 1975; Palmer et al. 1980; 
Rawlings et al. t974; Triger et al. 1976; Williams and Fajardo 1974). AAT 
globules have been found in paraffin sections of HCC in about 10% of 
the cases in a number of studies (Berg and Eriksson 1972; Blenkisopp and 
Haffenden 1977; Cohen 1976; Dekker and Krause 1973; Norken and Cam- 
pagna-Pinto 1968) and in embryonic type malignant tumors (yolk sac 
tumors) (Reintoft 1978; Palmer et al. 1976; Palmer and Wolfe 1976). AAT 
globules have also been seen in either non-neoplastic liver cells of hepatoma 
patients (Eriksson and H/igerstrand 1974; Kelly etal. 1979; Lieberman 
1974; Reintoft and H/igerstrand 1979), in neoplastic liver cells (Palmer et al. 
1977; Palmer and Wolfe 1977), or simultaneously in both neoplastic and 
non-neoplastic liver cells (Lieberman et al. 1975; Palmer and Wolfe 1976). 
Although these AAT deposits have been used as a tissue marker of inherited 
AAT deficiency (usually at least one Z allele) (Palmer et al. 1980) cases 
of normal serum AAT phenotype associated with AAT deposits have also 
been reported (Bradfield and Blenkinsopp 1977; Palmer et al. 1977; Palmer 
et al. 1980; Palmer and Wolfe 1977). These observations suggest that AAT 
may be a histopathological marker of broader significance than in relation 
to genotypic factors alone (Palmer et al. 1980). Therefore, we question 
whether the existence of AAT globules in the liver cells expresses a real, 
genetically deteiTnined AAT deficiency or a histopathological marker of 
increased synthesis of AAT, during the so-called acute phase reaction. 

The aim of this study was to determine the incidence and the distribution 
of AAT material in the liver of Greek patients with HCC and cirrhosis, 
using a sensitive and specific peroxidase-antiperoxidase complex method 
on paraffin sections of large liver specimens obtained after laparotomy or 
autopsy. We compare our findings to those on other populations. 

Material and Methods 

AAT was sought in formalin-fixed, paraffin-embedded liver specimens from adult Greek pa- 
tients with cirrhosis (35 cases) and hepatoma (55 cases). Specimens were taken after laparotomy 
in 22 and 40 cases and after autopsy in 13 and 15 cases respectively. In 33 cases of HCC 
non-neoplastic tissue was also present in the specimen. 

The hepatocellular carcinomas were typed and graded according to the criteria of Edmond- 
son (1958). The grade of differentiation was as follows: grade I-II (well-differentiated) 27 cases, 
grade III (moderately differentiated) 18 cases, and grade IV (poorly differentiated) 10 cases. 

Sections were deparaffinized with xylene, rehydrated in graded dilutions of ethanol and 
stained with haematoxylin-eosin, Gomori, and Masson trichrome. 

The peroxidase-antiperoxidase (PAP- (Sternberger 1970) method was used for localization 
of AAT. The sections were deparaffinized and rehydrated. Briefly, the tissue sections were 
incubated sequentially with appropriate dilutions of: 1) rabbit antihuman AAT serum (Dako- 
immunoglobulins) in dilution 1:20 in a moist chamber at 37 ~ C for 30' rain, 2) rabbit anti-swine 
IgG (Dako-immunoglobulins) in dilution 1:40 for 30' rain, 3) horseradisb-peroxidase-rabbit 
antiperoxidase (Dako-immunoglobulins) in dilution 1 : 60 for 30' min, 4) 3,3'-diaminobenzidine 
(Serva Feinbiochemic: Heidelberg, FRG). The peroxidase-stained sections were also counter- 
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stained with Mayer's haematoxylin in order to permit better morphological evaluation of 
the immunocytochemical reaction. 

The control sections were incubated in all steps except step I.AAT staining was always 
interpreted by comparing the reaction of the test to the adjacent control section. 

Results 

The results of this study are summarized in Tables 1 and 2. Typical AAT 
globules were found in the non-neoplastic cells in 4 (12%) out of the 33 cases 
of HCC and in 4 (11%) out of the 35 cases of liver cirrhosis (Fig. 1). These 
globules were located mainly around portal zones and stained strongly at 
the periphery by the immunoperoxidase technique. Typical globules were 
not found in neoplastic cells. 

In three cases (5.4%) of the 55 cases of HCC, atypical AAT globules 
were found in neoplastic cells (Fig. 2) as well as in 6 (17%) of the 35 cases 
of cirrhosis (Fig. 3). These globules were of various sizes in a homogenous 
smooth pattern. 

In 17 cases (31%) of HCC a diffuse fine granular pattern of AAT distri- 
bution was present throughout the whole of the cytoplasm of neoplastic 
cells. Similar findings were observed in 9 cases (27%) of HCC in the cyto- 
plasm of non-neoplastic cells (Fig. 4). 

A total of 20 (36%) cases of HCC in the neoplastic part of the liver 
and of 10 (28 %) cases of cirrhosis were stained positively using the immuno- 
peroxidase technique (Table 1). 

A relationship between AAT deposits and the degree of differentiation 
of HCC was noted in this series (Table 2). In the 27 cases of grade I and 
II carcinoma, AAT cytoplasmic deposits were found in 8 (29%). Among 
the 18 cases of grade III hepatoma, 10 (55%) were found to be AAT-positive 
and only 2 among the 10 cases of grade IV liver carcinoma were stained 
positively using the immunoperoxidase technique. 

Table 1. Cytoplasmic distribution of AAT in paraffin sections of hepatoma and cirrhosis 

No. of Ring-like Atypical Granular Total 
cases AAT AAT pattern of cases 

globules globules AAT-positive 

Hepatoma 

Neoplastic cells 55 - 3 (5.4%) 17 (31%) 20 (36%) 
Non-neoplastic cells 33 4 (12%) - 9 (27%) 13 (39%) 
Cirrhosis 35 4 (11%) 6 (17%) - 10 (28%) 

Table 2. The relationship 
of AAT deposits to the degree 
of differentiation of hepatoma 

Degree of No. of No. of cases 
differentiation cases AAT-positive 

I, II 27 8 (29%) 
III 18 10 (55%) 
IV 10 2 (20%) 



Fig. 1. AAT positve ring-like globule (arrow) in a case of liver cirrhosis. PAP x 500 

Fig. 2. AAT positive atypical globules (arrows) in neoplastic cells in a case of hepatoma. 
PAP x 300 

Fig. 3. AAT positive atypical globules of various sizes in a case of cirrhosis. PAP x 120 
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Fig. 4. Diffuse granular pattern of AAT deposition in the whole cytoplasm of some hepatic 
cells (arro~t,s). PAP x 400 

Discussion 

Immunocytochemicat and histological studies using intracytoplasmic liver 
AAT globules as markers have suggested that there is an increased incidence 
of the Z allele in cases of HCC (Blenkinsopp and Haffenden 1977; Palmer 
and Wolfe 1976) or cirrhosis (Blenkinsopp and Haffenden 1977; Eriksson 
et al. 1975), although phenotypic studies have shown no statistically signifi- 
cant increase of Z allele in cases of HCC and cirrhosis (Peters 1976; Theo- 
doropoulos et al. 1976). 

More recently, Kelly et al. (1979), in a series of 42 cases of HCC and 
98 controls, described typical AAT globules stained most strongly at the 
globule periphery in the non-neoplastic liver tissue of two (5%) of HCC. 
In three cases in the non-neoplastic liver tissue and in one case of HCC 
atypical PAS-positive, diastase resistant globules were found at the edges 
of zones of centrilobular congestion and necrosis, resembling those produced 
in AAT deficiency. With immunocytochemicat staining most of them were 
negative but a few were weakly stained. Finally, AAT was present in nine 
cases of HCC and in 28 controls as a diffuse and very fine granular pattern 
throughout the whole cytoplasm of liver cells. Reintoft and Hfigerstrand 
(1979) studied 69 primary liver carcinomas by immunohistochemical meth- 
ods and found AAT-positive globules or granules in non-tumor liver cells 
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in 12, while in 10 cases a fine granular pattern was seen. These investigators 
concluded that these globular AAT deposits may be genetically determined 
when associated with the Z-gene. In their series of  37 cases of  HCC, Thung 
et al. (1979) detected AAT by the PAP technique in 73% of the patients 
as fine granules in the cytoplasm of tumor cells. 

In a 1980 study of  several protein markers, Palmer et al. (1980) described 
two different AAT-containing structures in one case of cirrhosis (phenotype 
SZ) and in one case of  HCC (phenotype MM). The AAT globules in inher- 
ited AAT deficiency were round, regular and showed specific immunoperox- 
idase positivity as a dark brown granular reaction product distributed in 
a ring-like peripheral pattern around the globules, mainly within the cyto- 
plasm of hepatocytes. The AAT deposits in HC C  were found extracellularly 
and intracytoplasmically as round, often distorted globules, generally larger 
and less uniform in shape. These investigators (Palmer et al. 1980) concluded 
that two separate mechanisms of  AAT-deposition are involved in HCC. 
The first is genetically determined and related to the presence of  Z allele. 
The second is non-genetic in nature, confined to tumor tissue, and probably 
represents primary protein synthesis in tumor cells. 

In this series of  55 cases of HCC and 35 cases of  cirrhosis three different 
patterns of AAT distribution were seen. AAT deposits were seen as: 

a) Round, typical globules strongly stained at the periphery (ring-like globules) in the non- 
neoplastic part of the liver in 12% of cases of HCC and in 11% of cases of cirrhosis. These 
globules were similar to those described by Kelly et al. (1979) and Palmer et aI. (I980) as 
typical or characteristic of AAT deficiency. They were not seen in tumor cells. 
b) Atypical globules of various sizes in neoplastic cells in 5.4% of cases of HCC and in 
17% of cases of cirrhosis, resembling those described by Kelly et al. (1979) as negative or 
weakly stained by immunocytochemical staining and by Palmer et al. (1980) in one case of 
HCC. 
c) A diffuse fine granular pattern throughout the cytoplasm of 31% of the cases of HCC 
in the neoplastic cells and in 27% of those in the non-neoplastic cells. This pattern was 
identical to that described by Kelly et al. (1979) in cases of HCC, as well as in controls. 

These results agree with those of  Kelly et al. (1979) concerning the loca- 
tion of  typical ring-like globules in the non-neoplastic part of  the liver 
in cases of  HCC, although they were found more frequently (12%) in Greek 
patients than in British (5%). In Greek cirrhotics ring-like globules were 
found in about  the same proportion (11%). 

Although a phenotypic study could not be performed since sera were 
not available from these patients, the relatively high incidence of  typical 
and atypical globules in cases of  HCC and cirrhosis contrasts with the 
results of a previous study (Theodoropoulos et al. 1976) which found an 
extremely low gene frequency of Z allele in a Greek population of  patients 
with cirrhosis and HCC. Thus, there is some doubt  whether AAT-globules 
in the liver represent a histopathological marker of  genetically determined 
AAT deficiency or a marker of  broader significance, similar to that described 
in endodermal sinus tumors with normal serum AAT phenotype (Pahner 
et al. 1976). The simultaneous detection of  different protein markers seen 
i n  early embryogenesis, such as AAT and alphal-fetoprotein in individual 
tumor cells in HCC support this conclusion (Thung et al. 1979, Palmer 
et al. 1980). 
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Our results concerning the granular pattern of AAT distribution agree 
with those of Kelly et al. (1979) which reported that one-quarter of HCCs 
contained cells showed a diffuse and very finely granular staining for AAT 
throughout the whole cytoplasm. 

Although it is not known whether the presence of AAT in the majority 
of cases of HCC is due to increased production or faulty secretion of AAT 
by tumor cells (Thung et al. 1979), the diffuse fine granular pattern of AAT 
distribution found in the neoplastic and non-neoplastic cells in cases of 
HCC seems to be an expression of increased synthesis of AAT during the 
so-called acute phase reaction, as has already been suggested by Reintoft 
and H/igerstrand (1979). This suggestion is in agreement with the study 
of Theodoropoulos et al. (1979) who found that the levels of serum AAT, 
as well as the serum trypsin inhibitory capacity, are relatively high in patients 
with HCC. 

In this series, AAT-positive cells were found in HCC with moderate 
and high differentiation at a ratio of 55 and 29% respectively, as opposed 
to the findings of Reintoft and H/igerstrand (1979), who did not note any 
correlation between the degree of differentiation of HCC and the number 
of AAT-positive cases. 
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