European
Journal of
Cancer

PERGAMON European Journal of Cancer 38 (2002) 1879-1887

www.ejconline.com

Variation in MT expression in early-stage depressed-type
and polypoid-type colorectal tumours

K. Kuroda®®, N. Aoyama®®*, T. Tamura?, M. Sakashita?, S. Maekawa?, T. Inoue?,
C. Wambura?, D. Shirasaka?®, R. Minami€, S. Maeda®, Y. Kurodad, M. Kasuga?

aDepartment of Clinical Molecular Medicine, Division of Diabetes, Digestive and Kidney Disease, Kobe University Graduate School of Medicine, Kobe, Japan
bDepartment of Endoscopy, Kobe University Hospital, Kobe, Japan
¢Department of Biomedical Informatics, Division of Molecular Pathology, Kobe University Graduate School of Medicine, Kobe, Japan
dDepartment of Clinical Molecular Medicine, Division of Gastroenterological Surgery, Kobe University Graduate School of Medicine, Kobe, Japan

Received 18 December 2001; received in revised form 9 April 2002; accepted 13 June 2002

Abstract

Metallothionein (MT) expression is observed in various carcinomas, but its role is not fully understood. To clarify the clin-
icopathological significance of MT, 87 colorectal adenomas and 128 early-stage carcinomas were immunohistochemically analysed
for MT expression. The degree of MT immunostaining of a specimen was graded according to the proportion of MT-positive cells;
negative (<5%) and positive (focally 5-50%, diffusely >50%). MT expression significantly decreased with tumour development.
For carcinomas, MT-positivity was significantly associated with depth of invasion (T1 60% versus T2 33%; P <0.01), vascular
involvement (positive 35% versus negative 61%; P <0.01) and morphology (polypoid 62% versus depressed 26%; P<0.01).
Regarding MT-positive distribution, the diffuse-positive rate in MT-positive polypoid lesions was 28 %, while M T-positive depres-
sed lesions were all diffusely stained (P <0.01). In conclusion, our results suggested that decreasing MT expression is an early event
in colorectal carcinogenesis and may reflect local invasion. Furthermore, MT-positive distribution may reflect genetic differences

between the polypoid and depressed-type. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Metallothionein (MT) is a low molecular weight
cysteine-rich protein (6-7 kD), which can bind to
sequester divalent heavy metal ions such as zinc, copper
and cadmium. By immunohistochemistry, MT expres-
sion is frequently demonstrated in both the nucleus and
cytoplasm of cells in various organs of humans and
experimental animals [1]. MT appears to play an
important role in the detoxification of toxic metals, for
example cadmium, and probably in cellular protection
against ionising radiation and alkylating agent cyto-
toxicity [1-3]. In addition, this protein may play an
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important role in the homeostasis of zinc, a metal that is
important for tumour growth and progression [1].

Some direct evidence indicates that the presence of
MT has been observed immunocytochemically in
several kinds of carcinomas, so it is possible that MT
plays a role in some carcinogenic processes [4]. MT
expression seems to be significantly associated with
progression and poor prognosis in breast carcinoma [5],
malignant melanoma [6] and pancreatic carcinoma [7].
However, in colorectal adenocarcinomas, MT-positivity
is inversely related to the tumour stage and lymph node
involvement [8]. These results suggest that MT
expression decreases with colorectal tumour develop-
ment, and that MT-positive colorectal carcinoma has a
favourable clinical outcome.

Of interest is the phase at which the alteration of MT
protein expression occurs during the development of
colorectal cancer. There have been a few reports
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concerning the expression of MT protein in colorectal
cancers, including early-stage lesions [8—10], but this
issue has yet not been fully investigated.

During colon carcinogenesis, adenocarcinomas are
thought to arise from adenomas through a stepwise
series of changes (the adenoma—carcinoma sequence)
[11]. Morphological, epidemiological and molecular
biological evidence is available to support this theory.
An important aspect of this model is that the risk of an
adenoma containing carcinoma increases with increas-
ing size. However, depressed-type colorectal cancers,
which may have different characteristics from polypoid
types, have been increasingly reported with recent
advances in endoscopic instruments and techniques [12—
14]. These lesions are often less than 1 cm in diameter
(Fig. 1a and b). Histologically, a sharp transition from
normal-appearing colonic mucosa to carcinoma is seen
without an adenomatous component in the vicinity

(Fig. 1c and d). Such lesions appear not to fit the
adenoma-carcinoma sequence and have been given the
name ‘de novo carcinoma’ [15,16]. Previous reports have
shown an aggressive nature for the depressed-type
carcinoma [16,17], but the biological differences between
the depressed-type and polypoid-type carcinomas still
remain obscure.

In the present study, we reconfirmed the relationship
between decreasing MT expression and tumour
development, and investigated the stage at which
alteration of MT expression occurs in colorectal
carcinogenesis. Next, we tried to indicate the difference
in biological behaviour between the polypoid-type and
the depressed-type of early-stage colorectal carcinoma
through the pattern of MT immunohistochemical
expression. We excluded advanced-stage colorectal
carcinomas in this study because of their low MT-posi-
tive rate [8] and the difficulties encountered in deciding
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Fig. 1. An example of a depressed-type carcinoma. (a) Endoscopic view of a reddished depressed-type carcinoma (8 mm in diameter) in the des-
cending colon. (b) After spraying with indigo carmine solution the lesion appears to have a depression. (c) Cross-sectional view of histological spe-
cimen shows endophytic growth. Haematoxylin-eosin (H-E), original magnification x12.5. (d) Well differentiated tubular adenocarcinoma showing

minimal submucosal invasion. H-E, original magnification x200.
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the original morphological types from which these
advanced-stage lesions are derived. In addition, we
immunohistochemically analysed the cellular pro-
liferative activity in early-stage colorectal carcinomas,
and considered its relationship with MT expression. In
this study, we evaluated proliferating cell nuclear anti-
gen labelling index (PCNA-LI) as an indicator of
cellular proliferative activity since. Previous reports
have suggested the usefulness of PCNA-LI for prognostic
information in many premalignant and malignant
tumours, especially colorectal carcinoma [18,19].

2. Patients and methods
2.1. Subjects

The study material consisted of colorectal neoplastic
lesions with adjacent normal mucosa resected either
endoscopically or surgically at the Kobe University
Hospital from 1991 to 2000. Late stage cancers (T3 and
T4 stage in the TNM classification system [20]) were not
included. There were 215 lesions from 175 patients,
none of whom had a familial history of polyposis. The
main clinical data of subjects are summarised in Table 1.
There were 87 adenomatous lesions and 128 carcinoma
specimens; 86 (86/128; 67%) T1 stage (invading the sub-
mucosal layer) tumours and 42 (42/128; 33%) T2 stage
(invading the muscularis propria) tumours. The degree of
histological differentiation was well differentiated in 78 (78/

128; 61%) lesions and moderately to poorly differentiated
in 50 (50/128; 39%) lesions. Among the surgically resected
cases, nodal metastases were negative in 87 cases (87/100;
87%), and positive in 13 cases (13/100; 13%). Early-
stage colorectal carcinomas can be morphologically
classified into three types; polypoid, flat-elevated and
depressed types [21]. The polypoid-type was defined as
tumours in which the height of the neoplastic mucosa
was more than twice the thickness of the adjacent non-
neoplastic mucosa. The flat-elevated type was defined as
tumours with a neoplastic mucosa not greater than
twice the thickness of the adjacent non-neoplastic
mucosa. The depressed-type was defined as tumours in
which the height of the neoplastic mucosa was less than
that of the adjacent non-neoplastic mucosa. Out of 128
carcinoma cases, there were 52 (41%) polypoid lesions
and 46 (36%) depressed lesions. 30 cases (23%) consisted
of flat-elevated lesions and unclassified types in which
the intramucosal lesions were absent.

2.2. Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sections
were deparaffinised in xylene and rehydrated in a graded
ethanol series, washed with phosphate-buffered saline
(PBS, pH 7.6), and microwaved in 10 mM citrate buffer
(0.01 mol/l, pH 6.0) for 15 min. Deparaffinised sections
were incubated with 0.3% hydrogen peroxide for 20 min
to block the intrinsic peroxidase, and then washed in
PBS. The sections were then incubated with bovine

T1 carcinoma T2 carcinoma

Table 1

Frequency of variables investigated in 215 colorectal adenomas and carcinomas
Adenoma
(n=87)

(n=286) (n=42)

Age range (mean=+S.D.) (years)

Sex (no of patients)
Male 67 (77%)
Female 20 (23%)

Tumour location (no. of patients)
Proximal colon
Distal colon and rectum

27 (31%)
60 (69%)

Tumour size range (mean +S.D.) (mm)

Histological differentiation (no. of patients)
Well
Moderately to poorly

Vascular involvement (no. of patients)
Positive
Negative

Lymph node metastasis (no. of patients)*
Positive
Negative

39-85 (63.8+£10.6)

13-70 (11.94+9.7)

44-87 (65.1£9.5) 42-86 (65.0£10.5)

54 (63%) 26 (62%)
32 (37%) 16 (38%)
23 (27%) 9 (21%)

63 (73%) 33 (79%)

6-100 (18.5£13.1) 12-65 (32.3£12.0)

53 (62%) 25 (60%)
33 (38%) 17 (40%)
24 (28%) 33 (79%)
62 (72%) 9 (21%)
4(1%) 9 (21%)
54 (93%) 33 (79%)

S.D., standard deviation.
@ Data is given for surgically resected patients.
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serum (BSA) albumin for 10 min at room temperature
to reduce the non-specific immunoreactivity, and
washed in PBS. We immunostained tissue sections with
anti-MT antibody E9, a mouse monoclonal antibody
(DAKO, Carpinteria, CA, USA) and with anti-PCNA
antibody PC10, a mouse monoclonal antibody
(DAKO). Treated tissue sections were incubated at
room temperature for 60 min with E9 antibody or PC10
antibody diluted 1:200, respectively, in Tris—HCL buffer
containing carrier protein and 15 mM sodium azide.
After rinsing with PBS, the sections were incubated with
peroxidase labelled anti-mouse immunogloblin (DAKO
Envision System, DAKO) for 30 min. Sections were
washed with PBS and coloured with 3,3’-diaminobenzi-
dine (DAB). Finally, the sections were counterstained
lightly with haematoxylin, dehydrated and mounted. To
test the specificity of MT staining or PCNA staining,
the specific MT-E9 or PCNA-PCI0 antiserum was
omitted or replaced with normal mouse serum: negative
results were obtained. The immunohistochemical
localisation of MT was either cytoplasmic or nuclear in
the tumour and normal gland cells (Fig 2a and b).
Peripheral nerves and smooth muscle cells present in
each section served as positive controls for MT.

2.3. The evaluation of M T expression and PCNA-LI

The evaluation of MT expression followed the
method previously described in Refs. [8—10]. The degree
of MT immunostaining in a specimen was graded
according to the proportion of MT-positive cells;
negative (none detectable or less than 5% MT-positive
cells) and positive (positive cells are 5% or more more).
PCNA-LI was defined as the mean percentage of
tumour cells showing PCNA-positive staining per 1000
cancer cells counted in five randomly chosen
microscopic fields (x200). All assessments were
performed without knowledge of the pathological,
surgical or endoscopic data.
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2.4. Statistical analysis

Statistical analyses were performed using the Chi-
squared test and Mann—Whitney U test. A P value of
less than 0.05 was considered significant.

3. Results

3.1. MT expression in colorectal tumours and adjacent
normal mucosa to the tumour

To clarify the relationship between colorectal tumour
development and MT expression, we immunohisto-
chemically compared colorectal tumours with normal
mucosa adjacent to those tumours. In all portions of
normal mucosa adjacent to tumours, MT expression
was positive. In adenomas, MT expression was negative
in 29 cases (33%) and positive in 58 cases (67%)
(Fig. 3a). In carcinomas, MT expression was nega-
tive in 65 cases (51%) and positive in 63 cases
(49%) (Fig. 3b—e). There was a significant decrease
of MT expression in the colorectum with tumour
progression (normal mucosa versus adenomas or
carcinomas P<0.01, and adenomas versus carcino-
mas P<0.05).

3.2. Relationship between clinicopathological findings
and MT expression, PCNA-LI in carcinomas

The relationship between clinicopathological findings
and MT expression and PCNA-LI in the carcinoma
cases is shown in Table 2. The positive rate of MT
expression was significantly associated with the depth of
invasion and vascular involvement (P <0.01,
respectively). PCNA-LI was significantly associated
with the depth of invasion, vascular involvement, lymph
node metastasis (P <0.01, respectively) and histological
differentiation (P <0.05).
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Fig. 2. MT immunostaining in tumour cells and normal gland cells. (a) MT-positive tumour cells (haematoxylin counterstaining, original magnifi-
cation x200). (b) Normal gland cells (haematoxylin counterstaining, original magnification x200).
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Fig. 3. MT immunostaining in colorectal tumours and normal mucosa adjacent to the tumour. (a) MT-positive adenoma (haematoxylin counter-
staining, original magnification x12.5). (b) MT-negative depressed-type T1 carcinoma with MT-positive normal mucosa (haematoxylin counter-
staining, original magnification x12.5). (c) Higher magnification of the invasive area in the same lesion as shown in (b) (haematoxylin
counterstaining, original magnification x 100). (d) MT-positive depressed-type T2 carcinoma (haematoxylin counterstaining, original magnification
x12.5). (e) Higher magnification of the invasive area in the same lesion as shown in (d) (haematoxylin counterstaining, original magnification x 100).

3.3. Relationship between morphological type and MT
expression and PCNA-LI in carcinomas

In order to clarify the characteristics of the depressed-
type carcinomas, a comparison between the polypoid-type
and the depressed-type was made (Table 3). Flat-clevated-
type lesions were excluded from this comparison. The

mean sizes of the polypoid lesions and depressed lesions
were 22.24+10.3 and 18.6+12.4 mm, respectively. The
depth of invasion, histological differentiation, vascular
involvement and lymph node metastases in both groups
were not significantly different. The positive rate of MT
expression in the depressed lesions (12/46; 26%) was
significantly lower than that in the polypoid lesions (32/
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Table 2
Relationship between clinicopathological findings and MT expression, PCNA-LI in T1 and T2 carcinomas
Number of cases Number of MT-positive cases P value PCNA-LI ((%)+£S.D.) P value
Depth of invasion
T1 86 52 (60%) <0.01 38.1+7.7 <0.01
T2 42 14 (33%) 43.0+6.7
Histological differentiation
Well 78 39 (50%) 0.83 38.5£7.9 <0.05
Moderately to poorly 50 24 (48%) 41.7+7.1
Vascular involvement
Positive 57 20 (35%) <0.01 42.54+7.5 <0.01
Negative 71 43 (61%) 37.5+£7.2
Lymph node metastasis
Positive 13 6 (46%) 0.95 53.5+4.6 <0.01
Negative 87 41 (47%) 37.9+6.5

MT, metallothionein; PCNA-LI, proliferating cell nuclear antigen labelling index.

Table 3
Relationship between morphological type and MT expression, PCNA-
LI

Polypoid type Depressed type P value

(n=52) (n=46)

Depth of invasion
Tl 36 (69%) 29 (63%) 0.52
T2 16 (31%) 17 (37%)

Histological differentiation
Well 36 (69%) 23 (50%) 0.05
Moderately-poorly 16 (31%) 23 (50%)

Vascular involvement
Positive 19 (37%) 24 (52%) 0.09
Negative 33 (63%) 22 (48%)

Lymph node metastasis
Positive 5(17%) 5(12%) 0.54
Negative 25 (83%) 38 (88%)

MT expression
Positive 32 (62%) 12 (26%) <0.01
Negative 20 (38%) 34 (74%)

PCNA-LI ((%)+£S.D.) 38.6+7.1 419475 <0.05

MT, metallothionein; S.D., standard deviation.

52; 62%; P<0.01). The PCNA-LI in the depressed
lesions (41.94+7.5%) was significantly higher than that
in polypoid lesions (38.6£7.1%; P<0.05).

3.4. Relationship between morphological type and the
pattern of M T-positive distribution

MT-positivity was divided into a focally positive pat-
tern (positive cells are 5-50%) and diffusely positive
pattern (more than 50%) according to a method previous
described in Ref. [8]. Due to the observed MT-positive
distribution on the basis of this definition, we noticed
that MT staining patterns were clearly divided into two
types. In all focal MT-positive lesions, MT staining had

a ‘scattered’ pattern, while in all diffuse MT-positive
lesions, MT staining had a ‘uniform’ pattern. In the 32
MT-positive polypoid-type carcinomas, MT expression
was diffuse in 9 cases (28%) and focal in 23 cases (72%,
Fig. 4a). In the 12 MT-positive depressed-type carcino-
mas, MT expression was diffuse in all cases (100%,
Fig. 4b). The rate of diffuse MT expression in the MT-
positive depressed lesions was significantly higher than
that in the MT-positive polypoid lesions (P <0.01).

3.5. Relationship between MT expression and PCNA-LI
in colorectal tumours

In the 121 MT-positive lesions, the PCNA-LI was
35.2£8.0%. In 94 MT-negative lesions, the PCNA-LI
was 37.2+£9.1%. MT expression was not associated
with the PCNA-LI. Furthermore, although we analysed
the adenoma cases and carcinoma cases separately,
there was no significant difference in the PCNA-LI
between the two groups.

4. Discussion

The expression of MT is associated with a poor
prognosis in most carcinomas [5-7], but in colorectal
carcinomas low MT expression has been reported to be
related to poor prognosis [8]. These results suggested
that there is variability in the biological behaviour of
MT according to the tumour origin, and that in colo-
rectal carcinoma low MT expression could be a marker
for malignant potential. In the present study, MT
staining was observed in all portions of normal colo-
rectal mucosa adjacent to the tumour, and there was a
significant decrease in MT expression with tumour pro-
gression. Previous studies also showed a significant
decrease in MT content in both adenomas and carcino-
mas compared with normal colonic mucosa [9,22].
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Fig. 4. The pattern of MT-positive distribution in colorectal carcinoma. (a) MT-focally positive polypoid-type T1 carcinoma (haematoxylin coun-
terstaining, original magnification x20). Scattered MT-positive areas of both adenoma and carcinoma (the deepest invasive portion) are shown by
arrows. (b) MT-diffusely positive depressed-type T1 carcinoma (haematoxylin counterstaining, original magnification x20).

Our findings show that in carcinoma cases decreasing
MT expression is significantly related to the depth of
invasion and vascular involvement, but not to
histological differentiation and lymph node metastasis.
These results suggest that decreasing MT expression
may be an early event in colorectal tumour progression,
and that it may affect local invasion, but not cell
differentiation or lymph node metastasis. However, a
previous report showed that MT expression was related
to lymph node involvement in colorectal carcinomas [§].
The discrepancy between that study and ours could
have been caused by differences in the clinical
characteristics of the subjects studied. The previous
study included only 11 Dukes’ A cases (10%) and all
other cases were more advanced (97 cases; 90%), while
our study included only T1 and T2 stage cases. In our
analysis, decreasing MT expression seems to be an early
event in colorectal carcinogenesis. Therefore, we think
that it is important to analyse MT expression in early
phase colorectal tumour development, such as
adenomas and early-stage carcinomas.

Recently, flat- or depressed-type colorectal tumours
have been increasingly detected not only in Japan, but
also in other countries [12-14]. Kudo and colleagues
argued that depressed cancers have an invasive tendency
despite their small size and should be regarded as de
novo carcinomas [16,17]. We have also reported that the
depressed-type carcinoma must be distinguished from
the polypoid-type carcinoma because of its different
biological behaviour, and that depressed-type
carcinoma may have a more malignant potential than
the polypoid-type carcinoma [21,23].

To our knowledge, the present study is the first report
of MT expression in depressed-type early cancers. We
showed that the positive rate of MT expression in the
depressed type was significantly lower than that in the
polypoid-type, and that PCNA-LI in the depressed-type
was significantly higher than that in the polypoid type.

In the two groups that we analysed, the depth of inva-
sion, histological differentiation, vascular involvement
and lymph node metastases were not significantly
different. Therefore, the significant differences in MT
expression and PCNA-LI may reflect the biological
differences in early-stage colorectal carcinomas. In
addition, considering that decreasing MT expression is
associated with local invasion and poor prognosis as
mentioned above, this may be a predictor of the
malignant potential of the early-stage depressed type.

However, the relationship between biological
characteristics and location in colorectal tumours is
interesting. Concerning this, consensus has not yet been
reached. In this study, in both adenoma and early-stage
carcinoma cases, MT expression was not associated
with tumour location, and in carcinoma cases
morphological type was not associated with tumour
location (data not shown). To clarify the relationship
between the biological characteristics and location in
colorectal tumours, further study will be necessary.

Generally, protruding tumours are considered to
develop through the adenoma-carcinoma sequence
based on the multistep genetic model for colorectal
tumorigenesis [11]. Heterogeneous subpopulations
identified within colorectal carcinomas [24,25] may be
due to this multistep carcinogenesis. In contrast,
depressed-type tumours are thought to arise through
another developmental mechanism without some of the
intervening steps.

In this study, we evaluated MT expression using the
5% cut-off value according to previous reports on MT
expression in colorectal tumours [8—10]. In these
reports, MT-positivity was classified according to the
proportion of MT-positive cells only. However, owing
to our careful observation of the MT-positive
distribution, we noticed that classification of MT-posi-
tivity on the basis of the proportion of MT-positive cells
was related to the pattern of MT-positive distribution.
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Moreover, we noticed a significant relationship between
the pattern of MT-positive distribution and morpholo-
gical type. Our study showed that the rate of diffuse MT
expression in MT-positive depressed lesions (100%) was
significantly higher than that in MT-positive polypoid
lesions (28%). We speculate that, in polypoid lesions, a
decrease of MT expression occurs sporadically within
the whole lesion because of its development through
multistep carcinogenesis. As the result, the rate of focal
MT expression becomes higher and may reflect
heterogeneity within the lesion. However, in depressed
lesions a decrease in MT expression occurs simulta-
neously through ‘de novo’ carcinogenesis without some
of the intervening steps. Therefore, in depressed lesions,
the rate of diffuse MT expression becomes higher and
focal MT expression is rare. Thus, there is a possibility
that the pattern of decreasing MT expression reflects the
differences in genetic characteristics between these two
groups.

The details of the genetic characteristics with regard
to the depressed-type cancer have not yet been
elucidated. Infrequent detection of K-ras gene mutation
is one of the major characteristics demonstrated by
molecular analysis of flat- or depressed-type tumours
[21,26,27]. There have been various reports about p53
immunostaining of these tumours, but the relationship
between the morphology of colorectal tumours and p53
immunoexpression still remains unclear [12,28-30].
Although the number of studies and reports about flat-
or depressed-type carcinomas (de novo carcinomas) is
increasing [12-14], few studies have reported the
molecular biological characteristics of this type of
carcinoma. Thus, it is necessary to accumulate more
data, especially from molecular biological analyses.

Our results showed that there was no significant dif-
ference in the PCNA-LI between MT-positive and MT-
negative lesions. These results suggest that decreasing
MT expression is not reflected in the tumour-pro-
liferative activity. These factors may independently
affect the malignant potential in colorectal carcinogen-
esis. One possible reason why there was no relationship
between tumour-proliferative activity and MT expres-
sion is that, in addition to cell division, many other
factors contribute to the progression, growth and
invasion of tumours. MT plays a role in drug resistance
or the detoxification of toxic metals. PCNA-LI is one of
the markers of tumour proliferation, which reflects cell
division, and it is known to be a marker of malignant
potential. MT expression may reflect different factors
from proliferative activity, for example an abnormality
of metabolism in tumour cells, but the role of MT
expression in tumour cells has not been clarified and will
require further study.

In conclusion, our study suggests that decreasing MT
expression is an early event in colorectal tumour
progression and may affect local invasion. Furthermore,

MT expression may reflect biological differences in
carcinogenesis between the depressed-type and poly-
poid-type carcinomas.

References

1. Nath R, Kambadur R, Gulati S, Paliwal VK, Sharma M. Mole-
cular aspects, physiological functions, and clinical significance of
metallothioneins. Critical Rev Food Sci Nutr 1988, 27, 41-85.

2. Kelly SL, Basu A, Teicher BA, Hacker MP, Hamer DH, Lazo JS.
Overexpression of metallothionein confers resistance to anti-
cancer drugs. Science 1998, 241, 1813-1815.

3. Thornalley PJ, Vasak M. Possible role for metallothionein in
protection against radiation-induced oxidative stress. Kinetics
and mechanism of its reaction with superoxide and hydroxyl
radicals. Biochim Biophys Acta 1985, 827, 36-44.

4. Jasani B, Schmid KW. Significance of metallothionein over-
expression in human tumours. Histopathology 1997, 31, 211-214.

5. Fresno M, Wu W, Rodriguez JM, Nadji M. Localization of
metallothionein in breast carcinomas. An immunohistochemical
study. Virchows Arch [A] 1993, 423, 215-219.

6. Zelger B, Hittmair A, Schir M, et al. Immunohistochemically
demonstrated metallothionein expression in malignant mela-
noma. Histopathology 1993, 23, 257-264.

7. Ohshio G, Imamura T, Okada N, et al. Immunohistochemical
study of metallothionein in pancreatic carcinomas. J Cancer Res
Clin Oncol 1996, 122, 351-355.

8. Ofner D, Maier H, Riedmann B, er a/. Immunohistochemical
metallothionein expression in colorectal adenocarcinoma: corre-
lation with tumour stage and patient survival. Virchows Arch [A]
1994, 425, 491-497.

9. Giuffré G, Barresi G, Sturniolo GC, Sarnelli R, D’inca R, Tuc-
cari G. Immunohistochemical expression of metallothionein in
normal human colorectal mucosa, in adenomas and in adeno-
carcinomas and their associated metastasis. Histopathology 1996,
29, 347-354.

10. Toachim EE, Goussia AC, Agnantis NJ, Machera M, Tsianos
EV, Kappas AM. Prognostic evaluation of metallothionein
expression in human colorectal neoplasms. J Clin Pathol 1999,
52, 876-879.

11. Fearon ER, Vogelstein B. A genetic model for colorectal tumor-
igenesis. Cell 1990, 61, 759-767.

12. Mueller J, Mueller E, Hoepner I, et al. Expression of bcl-2 and
p53 in de novo and ex-adenoma colon carcinoma: a comparative
immunohistochemical study. J Pathol 1996, 180, 259-265.

13. Hart AR, Kudo S, Mackay EH, Mayberry JF, Atkin WS. Flat
adenomas exist in asymptomatic people: important implications
for colorectal cancer screening programmes. Gut 1998, 43, 229—
231.

14. Mueller JD, Haegle N, Keller G, ef al. Loss of heterozygosity and
microsatellite instability in de novo versus ex-adenoma carcino-
mas of the colorectum. Am J Pathol 1998, 153, 1977-1984.

15. Bedenne L, Faivre J, Boutron MC, Piard F, Cauvin JM, Hillon
P. Adenoma-carcinoma sequence or “de novo’ carcinogenesis? A
study of adenomatous remnants in a population-based series of
large bowel cancers. Cancer 1992, 69, 883-888.

16. Kudo S, Tamura S, Hirota S, et al. The problem of De Novo
colorectal carcinoma. Eur J Cancer 1995, 31A, 1118-1120.

17. Kudo S, Tamura S, Nakajima T, et al. Depressed type of colo-
rectal cancer. Endoscopy 1995, 27, 54-57.

18. Hall PA, Levison DA, Woods AL, et al. Proliferating cell nuclear
antigen (PCNA) immunolocalization in paraffin sections: an
index of cell proliferation with evidence of deregulated expression
in some neoplasms. J Pathol 1990, 162, 285-294.

19. Teixeira CR, Tanaka S, Haruma K, Yoshihara M, Sumii K,



20.

21.

22.

23.

24.

K. Kuroda et al. | European Journal of Cancer 38 (2002) 1879-1887

Kajiyama G. Proliferating cell nuclear antigen expression at the
invasive tumor margin predicts malignant potential of colorectal
carcinomas. Cancer 1994, 73, 575-579.

Sobin LH, Wittekind Ch, eds. (International Union Against
Cancer). TNM Classification of Malignant Tumours, 5th ed., New
York, John Wiley, 1997.

Sakashita M, Aoyama N, Maekawa S, et al. Flat-elevated and
depressed, subtypes of flat early colorectal cancers, should be
distinguished by their pathological features. Int J Colorectal Dis
2000, 15, 275-281.

Mulder TPJ, Verspaget HW, Janssens AR, De Bruin PAF, Grif-
fioen G, Lamers CBHW. Neoplasia-related changes of two cop-
per (Cu)/zinc (Zn) proteins in the human colon. Free Radic Biol
Med 1990, 10, 501-506.

Sakashita M, Aoyama N, Minami R, et al. Glutl expression in
T1 and T2 stage colorectal carcinomas: its relationship to clin-
icopathological features. Eur J Cancer 2001, 37, 204-209.
Hiddemann W, Von Bassewitz DB, Kleinemeier HJ, et al. DNA
stemline heterogeneity in colorectal cancer. Cancer 1986, 58, 258—
263.

25.

26.

27.

28.

29.

30.

1887

Dexter DL, Spremulli EN, Fligiel Z, et al. Heterogeneity of can-
cer cells from a single human colon carcinoma. 4m J Med 1981,
71, 949-956.

Minamoto T, Sawaguchi K, Mai M, Yamashita N, Sugimura T,
Esumi H. Infrequent K-ras activation in superficial-type (flat)
colorectal adenomas and adenocarcinomas. Cancer Res 1994, 54,
2841-2844.

Fujimori T, Satonaka K, Yamamura-Idei Y, Nagasako K,
Maeda S. Non-involvement of ras mutations in flat colorectal
adenomas and carcinomas. Int J Cancer 1994, 57, 51-55.
Hayakawa M, Shimokawa K, Kusugami K, et al. Clin-
icopathological features of superficial depressed-type colorectal
neoplastic lesions. Am J Gastroenterol 1999, 94, 944-949.
Yukawa M, Fujimori T, Maeda S, Tabuchi M, Nagasako K.
Comparative clinicopathological and immunohistochemical
study of ras and p53 in flat and polypoid type colorectal tumours.
Gut 1994, 35, 1258-1261.

Hirota S, Kudo S, Hosobe S, et al. p53 immunoreactive stain and
early colorectal adenocarcinomas. Eur J Cancer 1995, 31A, 2220—
2222.



