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Introduction

There have been significant differences in diagnostic
criteria for gastric intestinal-type carcinoma between
Japanese and Western pathologists [1]. Most Western
pathologists have paid attention to evident invasion into
the lamina propria or submucosa of neoplastic tubules
as definitive criteria of carcinoma. They have suggested
that Japanese pathologists “overdiagnose” gastric dys-
plasia as carcinoma. This might partly be due to the
relatively small number of gastric forceps biopsy speci-
mens used in routine diagnostic practice by Western
pathologists. In Japan, mass screening programs for
early gastric carcinoma and the enormous improvement
and advances in endoscopic techniques have resulted in
higher proportions of mucosal carcinomas among early
gastric carcinomas, approximately 10%–30% of which
are resected endoscopically. Stolte [2] reported that
“anti-Japanese” commentators had overlooked that the
diagnoses made on biopsy material had been subjected
to “quality control” in later endoscopic mucosal resec-
tion specimens.

A total of 31 pathologists reviewed 35 gastric samples
and discussed the findings on the occasion of the World
Congress of Gastroenterology in September 1998 [3].
Diagnostic agreements between Japanese and Western
pathologists appeared to be clearly improved, com-
pared with the findings reported in The Lancet [1].
At this meeting, a novel morphological classification
of gastrointestinal epithelial neoplasias, the so-called
Vienna classification, was proposed [3]. These
neoplasias were classified into five main categories; (1)
negative for neoplasia/dysplasia, (2) indefinite for neo-
plasia/dysplasia, (3) noninvasive low-grade neoplasia,
(4) noninvasive high-grade neoplasia, and (5) invasive
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carcinoma. This classification appears to reduce the dif-
ferences between Western and Japanese pathologists
in the diagnostic classification of gastric epithelial neo-
plastic lesions. More recently, the Vienna classification
was revised, and intramucosal carcinoma was added
as a fourth subcategory of category 4 [4]. Gastric
intramucosal neoplasias, including adenomas, however,
have not been adequately analyzed with respect to spe-
cific pathobiological points, including cell proliferation,
apoptosis, and intratumoral microvessels.

Angiogenesis is essential for tumor development and
proliferation. In previous studies, the correlation be-
tween apoptosis and intratumoral microvessels or the
expression of thymidine phosphorylase (dThdPase),
one of the angiogenic factors [5–7], was examined in
colorectal carcinoma [8], early and advanced gastric car-
cinoma [9,10], and esophageal squamous cell carcinoma
[11]. Although we have previously reported the fre-
quent occurrence of apoptosis in gastric adenoma [12],
correlations between apoptosis and microvessels have
not been sufficiently examined in gastric adenoma and
intramucosal carcinoma.

The aim of the present study was to clarify the clinico-
pathological significance of gastric intramucosal tumors
from the pathobiological viewpoint. As the first step, we
analyzed two categories in the revised Vienna classifica-
tion [4]; noninvasive low-grade neoplasia (low-grade
adenoma/dysplasia) of category 3, and invasive carci-
noma (intramucosal carcinoma) of subcategory 4.4. The
former is almost synonymous with tubular adenoma
(TA) with mild or moderate atypia in the Japanese
classification [13]. The latter clearly includes intramu-
cosal adenocarcinoma (IMAC), which is classified as
intestinal-type carcinoma according to the Lauren
classification [14]. In fact, the Vienna classification
seems to be intended for the diagnosis of intestinal-
type carcinomas, and the original and revised classifica-
tions showed only intestinal-type dysplasia/neoplasia in
the published figures [3,4]. Diffuse-type adenocarcino-
mas do not give rise to conflicting diagnoses among
pathologists [1].

Materials and methods

Specimens

Studies were conducted on 52 specimens of IMACs and
70 TAs, all of which were resected endoscopically or
by partial gastrectomy. These specimens were extracted
from files of the Department of Pathology, Faculty of
Medicine, Tottori University, and its related teaching
hospitals. Because papillary adenomas of the stomach
may suggest malignant potential [15], and TAs with
severe atypia are often difficult to diagnose and to
distinguish from intestinal-type adenocarcinoma histo-

pathologically, we excluded them and selected only TAs
with mild or moderate atypia. We selected intramucosal
adenocarcinoma of the intestinal-type, because diffuse-
type adenocarcinomas, including signet-ring cell carci-
noma, do not give rise to conflicting diagnoses among
Western and Japanese pathologists [1]. Routinely pro-
cessed, formalin-fixed, paraffin-embedded tissue blocks
containing the most tumor mass were selected. Sections
3-µm-thick were examined by light microscopy, immu-
nohistochemistry, and the terminal deoxynucleotidyl
transferase-mediated dUTP-digoxigenin nick-end
labeling (TUNEL) procedure. The histological classifi-
cations were routinely made according to the criteria of
the Japanese Gastric Cancer Association [13].

Immunohistochemistry

Dewaxed paraffin sections were immunostained using
the streptavidin-biotin peroxidase complex (SAB)
method [16]. The following primary antibodies were
used: mouse monoclonal antibody raised against Ki-67
(MIB-1, diluted 1 : 50; Dako, Kyoto, Japan), CD34 (NU-
4A1; Nichirei, Tokyo, Japan), dThdPase (1C6, diluted
1 :1000; Nippon Roche Research Center, Kanagawa,
Japan), and P53 (DO7, diluted 1 :50; Novocastra Labo-
ratories, Newcastle, UK). For Ki-67 and P53, all the
sections were heated in a 10mM citrate buffer, pH 6.0, in
a microwave oven for 30min at 94°C. Immunoreactions
were visualized with diaminobenzidine (DAB), and the
sections were counterstained with 3% methylgreen.

To examine the specificity of immunostaining, the
primary antibody was replaced by mouse normal IgG
at a 1 :100 dilution, or Tris-buffered saline. Control
slides were invariably negative for immunostaining. We
immunostained appropriate control slides of gastric car-
cinoma, which were previously known to show positive
immunoreactivity for Ki-67, CD34, dThdPase, and P53,
at the same time, to obtain consistent findings [9,12]. In
the present study, specimens were regarded as P53- or
dThdPase-positive when more than 10% of the tumor
cells showed positive signals.

TUNEL method

To detect DNA breaks in situ, TUNEL was performed
according to the method of Gavrieli et al. [17], using an
Apop Tag Plus in-situ apoptosis detection kit (Intergen,
New York, NY, USA). Briefly, after deparaffinization
and blocking of endogenous peroxidase with 2% hydro-
gen peroxidase (H2O2) in methanol for 30 min at room
temperature, sections were incubated with 20µg/ml pro-
teinase K (Boehringer Mannheim/Yamanouchi, Tokyo,
Japan) for 20min at 37°C. After prehybridization
treatment, the sections were incubated with terminal
deoxynucleotidyl transferase (TdT), digoxigenin-11-
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dUTP, and dATP in a moist chamber for 90 min at 37°C.
Incubation with anti-digoxigenin-antibody-peroxidase
for 30 min at room temperature was employed for the
detection of digoxigenin-11-dUTP labeling, followed
by color development with a solution containing 3,3�-
diaminobenzidine and H2O2. Methylgreen was used for
counterstaining.

To examine the specificity of the TUNEL procedure,
slides were treated with TdT buffer solution not con-
taining TdT or digoxigenin-11-dUTP as a negative con-
trol. At the same time, the TUNEL procedure was also
conducted with control slides of gastric carcinoma,
which were already known to show many apoptotic cells
with TUNEL signals, to obtain consistent findings.

Evaluation of apoptotic index, Ki-67 labeling index,
and intratumoral microvessel density

The apoptotic index (AI; percentage of apoptotic cells)
in both categories of specimens was obtained as the
number of TUNEL-positive tumor cells per 1000 tumor
cells in the most frequently labeled area. The Ki-67
labeling index (KI) was determined in those tumor
areas showing the highest density of cells with positively
stained nuclei, regardless of the areas used for
intratumoral microvessel density (IMVD) counting,
and calculated under a 200-fold magnification. At least
five areas were selected, and the KI of each gastric
tumor was obtained as the number of Ki-67-positive
tumor cells per 1000 tumor cells. For the determination
of IMVD, using CD34, at least five of the most highly
vascularized areas within a section were selected and
counted under a light microscope with 200-fold magnifi-
cation, as described by Weidner et al. [18]. The average
numbers were recorded as the IMVD for each case. The

IMVD was counted by two authors (S.K. and M.O.)
independently without knowledge of the clinical infor-
mation, and then adjusted.

Statistical analyses

Correlations between AI and IMVD, as well as those
between AI and KI, were analyzed using the Spearman
rank correlation coefficient. The difference in the
numerical data between the two groups was evaluated
using the Mann-Whitney U-test. The level of signifi-
cance was set at P � 0.05.

Results

Macroscopic and histologic appearance of
TAs and IMACs

Most TAs formed slightly elevated lesions with a flat
surface and the histologic picture frequently showed a
characteristic two-layer structure with unchanged mu-
cosa or cystic dilated glands in the subjacent part of the
adenoma [19]. Goblet cells were variably intermingled
in adenoma glands. Slender and hyperchromatic nuclei
showed slight variation in size and shape. The nuclei of
TAs localized in basal lamina and structures atypical
of adenoma glands were not conspicuous (Fig. 1A). The
mean diameter was 5.6 mm, ranging between 1.5 and
25 mm.

On the other hand, IMACs showed increased and/or
invading atypical cells; however, the invasion of these
cells did not expand the submucosal layer. Tumor
glands showed an irregular arrangement, and had vari-
able size and shape (Fig. 1B). Nuclei were rounded, of

Fig. 1. A Tubular adenomas (TAs). The glands have a relatively uniform shape and size. Slender and hyperchromatic nuclei
show slight variation in size and shape. B Intramucosal intestinal-type adenocarcinomas (IMACs). The glands show an irregular
arrangement, and have variable size and shape. Some are branching and some are very small. Cellular atypicalities are more
prominent. A and B H&E, �50
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variable size, and had enlarged prominent nucleoli. In
part, the lesions showed budding of glands, single neo-
plastic cells, and trabecular growth. The mean diameter
was 7.0 mm, ranging between 1.0 and 24mm. There was
no significant difference in tumor size between TAs and
IMACs (P � 0.2).

Correlation between AI, KI, IMVD, and P53

TUNEL-positive (Fig. 2A,B) and Ki-67 positive
(Fig. 3A,B) tumor cells showed nuclear reactivity.
Intratumoral microvessels were clearly demonstrated
with CD34 immunostaining (Fig. 3C,D). Table 1 shows
the mean AI, KI, and IMVD in the 70 gastric TAs and
the 52 IMACs, the values being 4.79 � 0.38, 39.5 � 1.56,
and 59.4 � 2.47 in the 70 TAs, and 3.26 � 0.27, 53.6 �
1.84, and 72.4 � 3.49 in the 52 IMACs, respectively. The
mean AI was significantly higher in the TAs than in the
IMACs (P � 0.013). On the other hand, the mean KI
and IMVD were significantly higher in the IMACs
than in the TAs (P � 0.01, P � 0.01, respectively). Thus,
IMACs might be characterized as showing higher
proliferative activity and a lower cell loss rate
(apoptosis), compared with TAs.

Regression analysis of the Spearman rank correlation
coefficient, on plots of AI versus IMVD on a per-case

basis, showed a significant inverse correlation between
AI and IMVD in both types of lesions (TA, P � 0.015,
r � 0.28; IMAC, P � 0.006; r � 0.41; Fig. 4). On the
other hand, there was no significant correlation between
KI and IMVD (Fig. 5).

Nuclear P53 expression was noted in 14 (20.0%) of
the 70 TAs and in 29 (55.8%) of the 52 IMACs (Fig. 3E,
Table 1). The frequency was significantly higher in the
latter than in the former (P � 0.01). P53 expression did
not correlate with AI, KI, or IMVD (Table 2).

dThdPase expression

dThdPase immunoreactivity was observed in both
the cytoplasm and the nucleus of the TAs and IMACs,
the immunoreaction being more predominant in the
cytoplasm than the nucleus (Fig. 3F). The immuno-
reactivity was also noted in stromal lymphocytes,
fibroblasts, and macrophages to varying degrees, as de-
scribed previously in analyses of colonic carcinomas
[8,20].

dThdPase expression was noted in 25 (35.7%) of
the 70 TAs and in 30 (57.7%) of the 52 IMACs. The
frequency of dThdPase-positive cases was signifi-
cantly higher in the IMACs than in the TAs (P � 0.05)
(Table 1).

Fig. 2A,B. Intense terminal deoxynucleotidyl transferase-mediated dUTP-digoxigenin nick-end labeling (TUNEL) signals
(arrows) are visible in the nuclei of apoptotic tubular adenoma (A) and intramucosal intestinal-type adenocarcinoma cells (B).
A and B �200

Table 1. Apoptotic index (AI), Ki-67 labeling index (KI), intratumoral microvessel density (IMVD), and expression of
thymidine phosphorylase (dThdPase) and P53 in the 70 tubular adenomas and 52 intramucosal intestinal-type adenocarcinomas

AI KI IMVD dThdPase P53

Tubular adenomas (n � 70) 4.79 � 0.38 39.5 � 1.56 59.4 � 2.47 25/70 (35.7%) 14/70 (20.0%)
Intramucosal intestinal-type 3.26 � 0.27 53.6 � 1.84 72.4 � 3.49 30/52 (57.7%) 29/52 (55/8%)

adenocarcinomas (n � 52)
P values 0.013 �0.001 0.008 0.016 �0.001
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dThdPase expression and AI, KI, and IMVD

Table 3 shows the relation between dThdPase expres-
sion and the mean IMVD of the gastric adenomas and
carcinomas. The mean IMVD was 69.4 � 4.07 in the 25
dThdPase-positive TAs and 53.9 � 2.82 in the 45 nega-

tive TAs. Similarly, the mean IMVD was 80.4 � 4.37 in
the 30 dThdPase-positive IMACs and 61.5 � 4.90 in the
22 negative IMACs. The mean IMVD was significantly
higher in the dThdPase-positive tumors than in the
negative tumors in both the TAs and IMACs (P � 0.01,
P � 0.01) . However, there was no significant correla-

Fig. 3A–F. Immunohistochemical positivity for: A, B Ki-67 (A tubular adenomas [TAs]; B intramucosal intestinal-type
adenocarcinomas [IMACs]; C, D CD34 (C TAs; D IMACs; E P53 (IMACs); and F thymidine phosphorylase (dThdPase;
IMACs). Several TA cells exhibit a positive nuclear reaction for Ki-67 (A). IMAC tubules show almost inverse positivity for Ki-
67 (B) and P53 (E). Endothelial cells of intratumoral microvessels are detected by CD34 immunoreactivity (C, D). Cytoplasmic
immunoreactivity for dThdPase is noted in IMACs (F). A–F �100
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tion between dThdPase expression and AI or KI. Thus,
dThdPase expression was associated with IMVD, but
not with AI and KI in gastric TAs and IMACs.

Discussion

In the present study, we initially selected gastric tubular
adenomas (TAs) and intramucosal intestinal-type

adenocarcinomas (IMACs) from the Japanese criteria,
and then examined the pathobiological properties of
both types of lesions, from the viewpoint of cell prolif-
eration, apoptosis, intratumoral microvessels, and the
expression of dThdPase and P53. In the comparison of
the two types of lesions, a significantly higher prolifera-
tive activity, a lower rate of cell loss, and a higher num-
ber of intratumoral microvessels were demonstrated in
the IMACs than in the TAs. In other words, gastric TAs

Fig. 4A,B. Spearman rank correlation coefficient tests for the correlation between the apoptotic index (AI) and intratumoral
microvessel density (IMVD) for all cases. A Tubular adenomas (TAs), r � 0.28; P � 0.015; B intramucosal intestinal-type
adenocarcinomas (IMACs), r � 0.41; P � 0.006. Closed circles, dThdPase-positive; open circles, dThdPase-negative

Fig. 5A,B. Spearman rank correlation coefficient tests for the correlation between the Ki-67 labeling index (KI) and intratumoral
microvessel density (IMVD) for all cases. A Tubular adenomas (TAs), r � 0.09; P � 0.92; B intramucosal intestinal-type
adenocarcinomas (IMACs), r � 0.16; P � 0.36. Closed and open circles, as in Fig. 4
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Table 2. Correlation between P53 expression and intratumoral microvessel density (IMVD), apoptotic index (AI), and Ki-67
labeling index (KI) in tubular adenomas and intramucosal intestinal-type adenocarcinomas

IMVD AI KI

Tubular adenomas
P53-Positive (n � 14) 63.4 � 5.25 4.72 � 0.84 43.8 � 4.93

-Negative (n � 56) 58.4 � 2.81 4.81 � 0.43 38.5 � 1.51

Intramucosal intestinal-type adenocarcinomas
P53-Positive (n � 29) 77.3 � 5.01 3.05 � 0.34 56.4 � 2.31

-Negative (n � 23) 66.3 � 4.41 3.53 � 0.43 50.1 � 2.86

Table 3. Correlation between thymidine phosphorylase (dThdPase) expression, intratumoral microvessel density (IMVD),
apoptotic index (AI), and Ki-67 labeling index (KI) in tubular adenomas and intramucosal intestinal-type adenocarcinomas

IMVD AI KI

Tubular adenomas
dThdPase-Positive (n � 25) 69.4 � 4.07 4.23 � 0.63 36.7 � 1.86

-Negative (n � 45) 53.9 � 2.82 5.10 � 0.48 41.1 � 2.18

Intramucosal intestinal-type adenocarcinomas
dThdPase-Positive (n � 30) 80.4 � 4.37 3.15 � 0.34 54.8 � 2.35

-Negative (n � 22) 61.5 � 4.90 3.42 � 0.44 52.1 � 2.99

* P � 0.01

*

*

showed a rather more static nature than IMACs. In fact,
longterm follow-up studies of gastric TAs disclosed a
lower incidence of malignant transformation, of 10%
to 11%, than in IMACs [21,22]. These pathobiological
properties may confirm the validity of the Japanese his-
topathological criteria for gastric intramucosal tumors
and may also provide useful information for indications
for gastric endoscopic mucosal resection (EMR). Re-
cently, the Japanese Gastric Cancer Association re-
ported the guideline for treatment for gastric cancer, in
which IMACs less than 2.0 cm in diameter are recom-
mended to be treated by EMR [23]. Thus, histopatho-
logical differential diagnosis between TAs and IMACs
is essential for deciding on the appropriate treatment.

Angiogenesis is essential for tumor development
and proliferation. Prevascular tumors might remain
dormant in situ (less than 3 mm in diameter) for months
to years, and then a phenotypically transformed
subclone of prevascular cells possessing angiogenic
activity shows rapid growth, progression, and even
metastasis [24,25]. Angiogenesis inhibitors can induce
and sustain dormancy of experimental primary tumors
and micrometastases by increasing tumor cell apoptosis.
In the present study, we confirmed a significant inverse
correlation between AI and IMVD in both gastric TAs
and IMACs, implying a close relation between blood
flow and the occurrence of apoptosis in the tumor cells.
Moreover, the IMVD was significantly higher in the
IMACs than in the TAs. dThdPase expression was sig-
nificantly correlated with IMVD, but not with AI and

KI in both types of lesions. These results might suggest
that dThdPase expression provides an advantage for the
tumor growth of gastric TAs and IMACs by forming
a favorable, vascular-rich intratumoral microenviron-
ment. Although Matsuura et al. [8] confirmed a signifi-
cant inverse correlation between dThdPase expression
and AI in human advanced colorectal carcinomas, we
could not confirm such an association in the gastric TAs
and IMACs. This discrepancy might, partly, be due
to differences in tumor stage. dThdPase expression
might play a more crucial role in the proliferation and
apoptosis of tumor cells in submucosal invasive or ad-
vanced gastric carcinomas. In fact, Osaki et al. [9] con-
firmed a significant correlation of dThdPase expression
and high IMVD, which attenuated apoptosis in submu-
cosal invasive early gastric carcinomas and advanced
carcinomas, the AI being clearly lower in the latter than
in the former. Similarly, Matsuura et al. [8] demon-
strated a close correlation between dThdPase expres-
sion and KI in colorectal carcinomas of Dukes’ C and D,
but not in those of Dukes’ A and B, implying crucial
differences in the tumor stage. This might explain our
finding of the lack of correlation between dThdPase
expression and KI in the gastric TAs and IMACs.

It has been well demonstrated that p53 gene mutation
or P53 expression is clearly more frequent in gastric
carcinomas than in TAs [26,27]. The present study also
confirmed a significantly higher frequency of P53 ex-
pression in IMACs than in TAs. P53 protein has been
shown to be required for the induction of the apoptotic
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pathway triggered by oncogenic activation and the ex-
pression of cytotoxic genes [28,29]. The protein might
sensitize damaged cells to apoptosis, acting to prevent
the propagation of transforming mutations. Cells lack-
ing a functional P53 protein would be refractory to this
process of elimination and might proliferate more ag-
gressively. We have demonstrated that the expression
of a mutated p53 gene attenuates apoptotic cell death in
human advanced gastric carcinomas in vivo with mar-
ginal significance, implying that apoptosis occurs via
both p53-dependent and -independent pathways [30].
However, the present study did not confirm a significant
correlation between P53 expression and AI on IMVD
in either TAs or IMACs. Thus, apoptosis might occur
exclusively via a p53-independent pathway in gastric
intramucosal tumors, including TAs and IMACs.

In conclusion, we have demonstrated the pathobio-
logical properties of gastric TAs and IMACs, the latter
of which are characterized as having higher prolifera-
tion and lower cell loss, this being related, in part, to
IMVD. These findings might support the validity of
the Japanese histopathological criteria for gastric
intramucosal tumors, although no single parameter
could differentiate between TAs and IMACs. To clarify
more precisely the clinicopathological significance of
gastric intramucosal tumors, further studies are re-
quired, e.g., from the viewpoints of gene alterations and
epigenetic changes, in addition to the expression of vari-
ous proteins, such as cell-cycle-related molecules.

Acknowledgments The authors thank Mr. N. Itaki and
Ms. M. Kajimura for their skillful technical assistance.
Grant sponsor: The Ministry of Education, Culture,
Sports, Science, and Technology of Japan; grant
number 11470050.

References

1. Schlemper RJ, Itabashi M, Kato Y, Lewin KJ, Riddell RH,
Shimoda T, et al. Differences in diagnostic criteria for gastric
carcinoma between Japanese and western pathologists. Lancet
1997;349:1725–9.

2. Stolte M. Diagnosis of gastric carcinoma: Japanese fairy tales or
Western deficiency. Virchows Arch 1999;434:279–80.

3. Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS,
Dawsey SM, et al. The Vienna classification of gastrointestinal
epithelial neoplasia. Gut 2000;47:251–5.

4. Schlemper RJ, Kato Y, Stolte M. Diagnostic criteria for gastro-
intestinal carcinomas in Japan and Western countries: proposal
for a new classification system of gastrointestinal epithelial
neoplasia. J Gastroenterol Hepatol 2000;15:49–57.

5. Sumizawa T, Furukawa T, Haraguchi M, Yoshimura A, Takeyasu
A, Ishizawa M, et al. Thymidine phosphorylase activity associated
with platelet-derived endothelial cell growth factor. J Biochem
1993;114:9–14.

6. Haraguchi M, Miyadera K, Uemura K, Sumizawa T, Furukawa T,
Yamada K, et al. Angiogenic activity of enzymes. Nature 1994;
368:198.

7. Ishikawa F, Miyazono K, Hellman U, Drexler H, Wernstedt C,
Hagiwara K, et al. Dentification of angiogenic activity and the
cloning and expression of platelet-derived endothelial cell growth
factor. Nature 1989;338:557–62.

8. Matsuura T, Kuratate I, Teramachi K, Osaki M, Fukuda Y, Ito H.
Thymidine phosphorylase (dThdPase) expression is associated
with both increase of intratumoral microvessels and decrease
of apoptosis in human colorectal carcinomas. Cancer Res 1999;
59:5037–40.

9. Osaki M, Sakatani T, Okamoto E, Goto E, Adachi H, Ito H.
Thymidine phosphorylase expression results in a decrease in
apoptosis and increase in intratumoral microvessel density in
human gastric carcinomas. Virchows Arch 2000;437:31–6.

10. Sakatani T, Okamoto E, Tsujitani S, Ikeguchi M, Kaibara N, Ito
H. Expressions of thymidine phosphorylase (dThdPase) and vas-
cular endothelial growth factor on angiogenesis in intestinal-type
gastric carcinoma. Oncol Rep 2000;7:831–6.

11. Okamoto E, Osaki M, Kase S, Adachi H, Ito H. Thymidine phos-
phorylase expression causes both the increase of intratumoral
microvessels and decrease of apoptosis in human esophageal car-
cinomas. Pathol Int 2001;51:158–64.

12. Ishida M, Gomyo Y, Tatebe S, Ohfuji S, Ito H. Apoptosis in
human gastric mucosa, chronic gastritis, dysplasia and carcinoma:
analysis by terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labelling. Virchows Arch 1996;428:
229–35.

13. Japanese Gastric Cancer Association. The general rules for gas-
tric cancer study. 13th Ed (in Japanese). Tokyo: Kanehara; 1999.

14. Lauren P. The two histologic main types of gastric carcinoma:
diffuse and so-called intestinal type carcinoma. Acta Pathol
Microbiol Immunol Scand 1965;64:31–49.

15. Ito H, Yokozaki H, Ito M, Tahara E. Papillary adenoma of
the stomach. Pathologic and immunohistochemical study. Arch
Pathol Lab Med 1989;113:1030–4.

16. Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase
complex (ABC) in immunoperoxidase techniques: a compari-
son between ABC and unlabeled antibody (PAP) procedures.
J Histochem Cytochem 1981;29:577–80.

17. Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of pro-
grammed cell death in situ via specific labeling of nuclear DNA
fragmentation. J Cell Biol 1992;119:493–501.

18. Weidner N, Semple JP, Welch WR, Folkman J. Tumor angiogen-
esis and metastasis: correlation in invasive breast carcinoma. N
Engl J Med 1991;324:1–8.

19. Ito H, Hata J, Yokozaki H, Nakatani H, Oda N, Tahara E.
Tubular adenoma of the human stomach. An immunohisto-
chemical analysis of gut hormones, serotonin, carcinoembryonic
antigen, secretory component, and lysozyme. Cancer 1986;58:
2264–72.

20. Shomori K, Sakatani T, Goto A, Matsuura T, Kiyonari H, Ito H.
Thymidine phosphorylase expression in human colorectal mu-
cosa, adenoma and carcinoma: role of p53 expression. Pathol Int
1999;49:491–9.

21. Kayama T, Morishita T, Asakura H, Miura S, Munakata Y,
Tsuchiya M. Long-term follow-up study on gastric adenoma and
its relation to gastric protruded carcinoma. Cancer 1982;50:2496–
503.

22. Orlowska J, Jarosz D, Pachlewski J, Butruk E. Malignant trans-
formation of benign epithelial gastric polyps. Am J Gastroenterol
1995;90;2152–9.

23. Japanese Gastric Cancer Association. The guideline for gastric
cancer therapy (in Japanese). Tokyo: Kanehara; 2001.

24. Amellem O, Stokke T, Sandvik JA, Smedshammer L, Pettersen
EO. Hypoxia-induced apoptosis in human cells with normal p53
status and function, without any alteration in the nuclear protein
level. Exp Cell Res 1997;232:361–70.

25. Oo TF, Henchcliffe C, Burke RE. Apoptosis in substantia nigra
following development of hypoxic-ischemic injury. Neuroscience
1995;69:893–901.



S. Kase et al.: Gastric adenoma and intramucosal carcinoma 79

26. Kyokane K, Ito M, Sato Y, Ina K, Ando T, Kusugami K. Expres-
sion of Bcl-2 and p53 correlates with the morphology of gastric
neoplasia. J Pathol 1998;184:382–9.

27. Maesawa C, Tamura G, Suzuki Y, Ogasawara S, Sakata K,
Kashiro M, et al. The sequential accumulation of genetic alter-
ations characteristic of the colorectal adenoma-carcinoma
sequence does not occur between gastric adenoma and
adenocarcinoma. J Pathol 1995;176:249–58.

28. Clarke AR, Purpdie CA, Harrison DJ. Thymocyte apoptosis
induced by p53-dependent and independent pathways. Nature
1993;362:849–52.

29. Sinicrope FA, Ruan SB, Cleary KR. bcl-2 and p53 oncoprotein
expression during colorectal tumorigenesis. Cancer Res 1995;55:
237–41.

30. Ishida M, Gomyo Y, Ohfuji S, Ikeda M, Kawasaki H, Ito H.
Evidence that expression of a mutated p53 gene attenuates
apoptotic cell death in human gastric intestinal-type carcinomas
in vivo. Jpn J Cancer Res 1997;88:468–75.


