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Abstract:

The cellular and molecular pathology of gastric cancer and its
precursors are reviewed and discussed. Gastric carcinogenesis
is a multistep phenomenon, beginning with precancerous con-
ditions. Among these, adenoma is a direct precursor, because
of the dysplastic nature of its cells. However, gastric adenoma
is relatively rare. Chronic atrophic gastritis (CAG) is the most
common precancerous condition, in which intestinal metapla-
sia often occurs. Carcinoma develops in CAG through stages
of hyperplasia and dysplasia involving both metaplastic and
non-metaplastic glands. Molecular alterations, including repli-
cation error and p53 and APC gene mutation and aneuploidy
have been found in some of these conditions, confirming their
role in carcinogenesis. Carcinomas of the stomach are hetero-
geneous in cellular composition. Both intestinal and gastric
types of cells are found in all types of tumors, indicating the
unique characteristics of gastric cancer. Many molecular le-
sions have been found in gastric carcinomas. Basic changes
involve replication errors, telomerase activity, and aberrant
CD44 transcripts. Many other changes often show differences
in the frequency of their occurrence between the two major
histological types of gastric carcinoma: well differentiated ver-
sus poorly differentiated, or intestinal type versus diffuse type.
The timing and frequency of these changes in the stomach
differ from the timing and frequency in colonic carcinogeneis.
Pathological evaluation remains reliable and meaningful, in
basic research as well as clinical management. To obtain cor-
relation with molecular alterations, the need for detailed
pathologic classification of gastric carcinoma is recognized,
taking into account its biologic behavior and grades of cell
differentiation.

The cellular and molecular pathology of gastric cancer and
its precursors are reviewed and discussed. Gastric carcinomas
are unique in their heterogeneity in both cellular composition
and molecular changes.
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Introduction

Gastric cancer is one of the leading causes of cancer
death throughout the world, although its incidence has
declined in many countries. The cause of the decline has
not been elucidated. The influence of environmental
factors, including changes in life-style and eating habits,
remains significant.

The etiology of gastric cancer is still unclear. The
possibilities have expanded to include infectious agents,
notably Helicobacter pylori. The remarkable advances
in molecular technology seen in recent years have
enhanced our understanding of the mechanisms of
carcinogenesis, although the impact of molecular tech-
nology on clinical management is still limited. In many
ways, pathological investigation remains a major tool in
the study of gastric cancer. Recent developments
in pathology and molecular technology are discussed
in this review. Etiologic considerations and precan-
cerous changes are briefly presented, with regard to
their relationship with the pathologic features of
gastric carcinoma, and in terms of their relationship to
the histological types of gastric cancer.

Epidemiology of gastric carcinoma

The mortality rate of gastric carcinoma shows wide
geographic variation. Epidemiologic studies comparing
high-risk with low-risk regions give some insight into
the possible etiological factors in gastric carcinoma.
Additional information has been obtained by time-
trend studies, which show a steady decline in the mortal-
ity rate in most countries [1]. The United States has
shown a remarkable decline in gastric cancer since 1930
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[2]. From 1950 to 1992, the incidence decreased by 75%
and the mortality rate by 78% [3]. The decrease has
been less significant in recent years and the survival rate
has remained low. The 5-year survival rate for patients
with gastric cancer was only 19% during the period 1986
to 1991.

Etiologic factors

The etiology of gastric carcinoma has not been clearly
delineated. Genetic influence appears to be minor. The
most important factors are environmental, as shown by
migrant studies. When people migrated from a high-risk
to a low-risk region, the incidence of gastric carcinoma
decreased, with the decrease being more pronounced in
the second than in the first generation [4], suggesting the
lasting effect of carcinogenic exposure in early life.

Diet appears to be the most important of the environ-
mental factors. Improved diet has been credited for
the decline in gastric cancer mortality [5]. A high-
calorie diet, red meat, and salty foods are risk factors,
whereas fresh fruits, fiber, beta-carotene, and vitamins
are protective, particularly for intestinal type cancer
[6,7]. Protective factors for diffuse type cancer are car-
bohydrate and vitamin C [7].

The carcinogens responsible for human gastric cancer
are suspected to be N-nitroso compounds, which may
be endogenous. The low acidity of gastric juice in
chronic gastritis, which often precedes carcinoma, al-
lows the overgrowth of bacteria which may promote in-
vivo N-nitroso formation [8], while vitamins C and E
may block this process [1].

In recent years, Helicobacter pylori has been found to
be associated with gastric cancer [9]. It was suggested
that prolonged infection since childhood may account
for the high incidence of gastric cancer in high-risk
countries [9]. However, the vast majority of people with
H. pylori gastritis do not develop gastric cancer. Fur-
thermore, the odds ratios for gastric cancer in H. pylori-
infected individuals do not differ widely between
high- and low-risk countries [10]. The infection appears
to affect older persons, and there is a general decline in
the infection rate [11]. These changes may explain the
decreasing incidence of gastric cancer, particularly the
intestinal type [9].

The mechanism of H. pylori-associated carcinogene-
sis has been related to the organism’s ability to cause
gastritis with prominent inflammatory cells and in-
creased cell proliferation. Persistent injury eventually
results in mucosal atrophy and intestinal metaplasia, a
precancerous condition for intestinal type gastric carci-
noma. The diffuse type carcinoma is not associated
with intestinal metaplasia, but appears to arise from
hyperplastic neck cells, although H. pylori was found in
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100% of stomachs with diffuse carcinoma and in 78 % of
those with intestinal type carcinoma [12].

In support of the relation of H. pylori to gastric can-
cer, antibodies from patients with both gastric carci-
noma and H. pylori gastritis were shown to cross-react
with extracts of both H. pylori and carcinoma cells, and
enhanced the growth of tumor cells in vitro [13]. About
60% of H. pylori possess the cagA gene. cagA-positive
H. pylori causes more severe gastritis and a higher risk
of developing gastric carcinoma than cagA-negative H.
pylori [14]. A study in China, however, did not reveal a
relationship between cagA protein and gastric cancer
[15]. The reported higher H. pylori positivity in as-
sociation with intestinal type gastric carcinoma than
with diffuse type carcinoma [16] was not confirmed by
others [17,18]. Eradication of H. pylori reduced the se-
verity of atrophic gastritis and the proliferative activity
of the epithelium, and inhibited intestinal metaplasia
[19], but did not reverse dysplastic epithelium [20].

The long latency period between the initial H. pylori
infection and the development of gastric cancer implies
the cumulative effects of many factors. Prolonged H.
pylori infection, resulting in an altered microenviron-
ment in the stomach, together with other risk factors,
allows colonization of other bacteria, particularly the
anaerobes, and in-vivo production of procarcinogens in
the stomach. In addition, H. pylori blocks gastric secre-
tion of ascorbic acid, allowing the carcinogens to exert
their damaging effect on the gastric epithelium [10]. Tt
appears that in the late stage of carcinogenesis H. pylori
per se is no longer essential. In fact, H. pylori does not
inhabit the metaplastic mucosa, except for glands show-
ing only incomplete metaplasia [21].

Epstein-Barr virus (EBV) is another infectious agent
involved in the development of gastric carcinoma.
The carcinoma is usually poorly differentiated with
prominent lymphoid stroma, so-called lymphoe-
pithelioma-like carcinoma. With in-situ hybridi-
zation and polymerase chain reaction techniques,
EBV was detected in over 80% of carcinomas with
lymphoid stroma and in 6%-9% of adenocarcinomas
without lymphoid stroma [22].

Precursors of gastric cancer

Gastric carcinoma occurs with increased frequency in a
number of gastric diseases [23], including chronic atro-
phic gastritis [24], peptic ulcer, in the gastric remnant
after partial gastrectomy [25], adenoma, polyps [26],
intestinal metaplasia, and hyperplastic gastropathy [27].
The precancerous potential of these conditions is recog-
nized primarily by their clinical association with gastric
cancer. The incidence of various precancerous condi-
tions in early gastric carcinoma at the National Cancer
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Table 1. Precursors of gastric carcinoma (%)
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Incidence of carcinoma
in patients with

Incidence of precursor

lesion in patients with
early carcinoma® (%)

Precursor precursor lesion (%)
Chronic atrophic gastritis 0-13%
Pernicious anemia 0.5-12.3
Verrucous gastritis

Chronic gastric ulcer 1-2%
Gastric stump 0.4-7.8%»
Hyperplastic polyp 1-2%

Flat adenoma 6-21%
Papillovillous adenoma 20-75%
Meénétrier’s disease 5-107

94.8

Fig. 1. Tubular flat adenoma showing crowded and elongated
but uniform nuclei of the adenomatous glands. The adjacent
glands show incomplete intestinal metaplasia, with goblet
cells scattered among columnar mucous cells of the stomach.
Hematoxylin and eosin stain. X150

Center in Tokyo, Japan [23] is shown in Table 1. The
gross and microscopic pathologic features of gastric car-
cinoma may be related to their respective precancerous
lesions, particularly in their early stage.

Epithelial polyps

Epithelial polyps are classified into neoplastic and non-
neoplastic types. Non-neoplastic polyps are further clas-
sified as hyperplastic, hamartomatous, heterotopic, and
inflammatory. Inflammatory polyps have no malignant
potential. The hyperplastic polyp is a regenerative le-
sion, and malignant change occurs in only 2% or less
[26]. Carcinoma develops very rarely in the hamar-
tomatous polyp or heterotopic pancreatic tissue.

Fig. 2. Papillary adenoma. The nuclei are dense and cyto-
plasm is markedly reduced. Note focus of carcinoma on the
left side. Hematoxylin and eosin stain. X120

The hamartomatous fundic gland polyp of the
stomach seen in patients with familial adenomatous
polyposis of colon has been found to have mutation of
the adenomatous polyposis coli (APC) gene in 27% of
patients, but no mutation of the p53 or K-ras gene [28].
However, fundic gland polyps are not precancerous. p53
overexpression was not seen in hyperplastic polyps [29].

Neoplastic epithelial polyps are adenomas; these are
divided into two gross types: flat and papillary. They
usually occur in the metaplastic mucosa. Histologically,
flat adenomas (Fig. 1) are composed of tubular struc-
tures lined with mildly to moderately dysplastic epi-
thelial cells. Papillary adenomas (Fig. 2) consist of
tubulovillous glands lined with moderately to severely
dysplastic cells. It is interesting to note the geographic
distribution of these two types. The flat adenomas are
seen mainly in Japan and the papillary adenomas mostly
in Western countries. Carcinoma develops in about
6%-21% of flat adenomas and in 20%-76% of papillary
adenomas [26] (Fig. 2). The frequency of carcinoma
correlates with the severity of dysplasia.
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Table 2. Genetic alterations in precursors of gastric carcinomas (%)

Dysplasia
Gene Alteration CAG Metapl Uns LG HG Adenoma Reference no.
MI RER+ 33 42 30
MI RER+ 26 31
MI RER+ 8 32
LOH 14
p53 Expression 0 0 60 33
p53 Mutation 25 50 67 33
p53 Expression 4 0 0 29
p53 Expression 15 8 34
p53 Mutation 30 35
p53 Mutation 0 36
APC Mutation 40 37
APC Mutation 20 36
APC/MCC 5q LOH 25 33 38
DcCcC LOH 14 36
K-ras Mutation 0 11 39
K-ras Mutation 0 36
Telomerase 35 40
Aneuploidy 0 0 0 71 41
Aneuploidy 18 22 33 42

CAG, chronic atrophic gastritis; Metapl, intestinal metaplasia; Uns, unspecified; LG, low grade; HG, high grade dysplasia; LOH, loss of

heterozygosity; RER, Replication error

Results of recent molecular studies of gastric
adenoma are shown in Table 2. Alterations have been
found, in addition to microsatellite instability [30-32], in
the p53 [29,33-36] APC [36,37] APClmutated in
colorectal cancer (MCC) [38] and deleted in colorectal
cancer (DCC) [36] genes. There is no mutation of the K-
ras oncogene [36,39]. The results of molecular studies
are sometimes inconsistent. Semba et al. [30] found
microsatellite instability in 42% of adenomas, while
Tamura et al. [32]. found microsatellite instability in
only 8%. Similar variations in results were reported for
p53 and APC mutation. Tamura et al. [43] discovered
loss of heterozygosity at many gene loci, including APC
and p53, in over 33% of differentiated carcinomas, but
in less than 10% of adenomas. These findings have
raised opposing views regarding the importance of the
adenoma-carcinoma sequence in the stomach. Com-
pared with the high frequency of these changes in co-
lonic adenomas [44], those investigators who found
lower rates in the stomach considered the adenoma-
carcinoma sequence in the stomach a rare occurrence,
while those showing higher frequency of changes up-
held the adenoma-carcinoma sequence as important in
gastric carcinogenesis.

These disputes may be explained if one considers the
following facts: (1) Adenoma is common in the colon,
but infrequent in the stomach. Adenoma is the main
precancerous lesion in the colon and a minor one in the
stomach. (2) The pathologic features of adenomas

in these two organs are distinctly different. Colonic
adenomas are mostly papillary, irrespective of geo-
graphic location and have a high rate of malignant
change. The pathology of gastric adenomas in Western
countries is similar to that of colonic adenomas. In
Japan, where most molecular studies are performed,
gastric adenomas are mostly flat tubular lesions with
low-grade dysplasia and a slow growth rate. Such le-
sions are rare in other countries. (3) The background
tissues surrounding carcinoma in the stomach and colon
are also very different. Common sporadic colonic carci-
nomas and adenomas occur in histologically normal-
appearing mucosa, whereas gastric carcinomas and
adenomas usually develop in an abnormal mucosa with
prominent chronic gastritis and intestinal metaplasia.
(4) Experimental animal models suggest differing
roles of carcinogens and tissue factors in the stomach
and colon. Gastric adenocarcinomas in rodents are
usually induced by directly acting carcinogens, such
as N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)
[45]. Nitroso-compounds have also been suspected car-
cinogens for human gastric cancer [8]. Colonic carcino-
mas have been induced in rodents by procarcinogens
requiring metabolic activation in the liver and by intes-
tinal flora, such as dimethylhydrazine (DMH), as well as
MNNG [44]. MNNG causes gastric erosion, intestinal
metaplasia, and adenocarcinoma, but not adenoma [45].
In the colon, both MNNG- and DMH-treated mice de-
veloped carcinomas and adenomas with a high rate of
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malignant change [46]. However, in the MNNG-treated
mice, epithelial dysplasia was seen in 39% and infiltra-
tive carcinoma in 56%. In the DMH-treated animals,
these lesions were seen in only 7% and 17%, respec-
tively. These different results may be related to the
nature of the carcinogens as well as to organ-specific
responses. These various factors may explain the differ-
ing molecular findings for gastric and colonic adenomas.
Therefore, it is necessary to analyze the molecular data
according to the pathologic features of the adenomas in
order to unravel the adenoma-carcinoma sequence in
the stomach.

Chronic atrophic gastritis (CAG)

Chronic atrophic gastritis is common, with a reported
incidence of 22%-37% in asymptomatic patients in
Europe, increasing with age [46]. It is the most impor-
tant precursor of gastric carcinoma, and is associated
with 94.8% of early gastric carcinomas in Japan (Table
1). The incidence of gastric carcinoma in patients with
CAG was 0%-13%. [24] After follow-up of more than
11 years, this incidence was 7%-13% [47]. CAG is seen
mainly in the elderly population. In high-risk areas for
gastric cancer, however, it is common in young people
as well. In CAG, there is increased proliferative activity
in the mucosal epithelium, resulting in the presence
of relatively immature cells in the glands [48]. p53 ex-
pression and aneuploidy have been noted occasionally
[29,42] (Table 2).

CAG is often the result of H. pylori gastritis. In
some patients, including postgastrectomy patients, the
chronic gastritis is related to the influx of duodenal
contents into the stomach. In a small proportion of pa-
tients, CAG is associated with immunologic fundic
gastritis in pernicious anemia.

Intestinal metaplasia (IM)

The atrophic gastric mucosa often shows IM, but the
extent of metaplasia varies. IM is a histologic, not a
clinical entity. Based on the cell types and their func-
tional structures, IM is classified as complete (type I)
(Fig. 3) and incomplete (types II and III) (Fig. 1), as
well as small intestinal and colonic subtypes [49]. The
major differences among the subtypes are summarized
in Table 3. In complete metaplasia, the gastric mucosa
assumes the appearance of small intestinal (type TA in
Table 3) (Fig. 3) or colonic (IB in Table 3) mucosa. In
incomplete metaplasia, the columnar cells between the
goblet cells resemble the mucous cells of the gastric
foveolae (Fig. 1), but the mucus may consist of neutral
mucoproteins (ITA gastric type in Table 3), sialomucin
(IIB small intestinal type in Table 3), or sulfomucin (IIT
colonic type in Table 3). The goblet cells contain
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Fig. 3. Complete intestinal metaplasia, small intestinal type.
The surface and foveolar mucous cells are replaced by goblet
cells and absorptive cells. The regenerating zone of the glands
is shifted to the bottom of glands where the nuclei are densely
arranged, as in the small intestine. Hematoxylin and eosin
stain. X120

sialomucin, sulfomucin, or both. Jass and Filipe [50] also
divided intestinal metaplasia into complete (type I) and
incomplete types. The incomplete type was further di-
vided into two subtypes according to the type of mucin:
non-sulfated mucin in type II and sulfated mucin in type
II1. Thus, type II incomplete metaplasia includes both
gastric (ITA) and small intestinal (IIB) types, and type
IIT corresponds to the colonic type. It should be noted
that metaplastic glands are composed of heterogenous
cell types although one type may dominate, and that
gastric type mucous cells are often present also.

The precancerous nature of intestinal metaplasia is
indicated by the frequent coexistence of intestinal meta-
plasia, particularly type III, with gastric carcinoma,
mainly the glandular type (Fig. 4). The risk of gastric
cancer is proportional to the extent of metaplasia [49].
However, follow-up studies of type III metaplasia did
not show an increased risk of gastric carcinoma [51].
Examination of microcarcinomas less than Smm in di-
ameter revealed that prominent metaplasia accompa-
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Table 3. Major differences among subtypes of intestinal metaplasia

Complete type (I)

Incomplete type (11, IIT)

Small-intestinal Colonic Gastric Small-intestinal Colonic
Feature (IA) (IB) (ITA) (I1B) (I1T)
Goblet cells + + + + +
Mucin type Sialomucin Sulfomucin Sialomucin Sialomucin Either type
Mucous columnar cells - - + + +
Mucin type - - Neutral Sialomucin Sulfomucin
Absorptive cells + + - - -
Striated borders + +/—= - +/—= -
Microvillar enzymes + +/—= - - -
Paneth cells + - - - -

+, Present; —, absent; neutral, neutral glycoprotein

Fig. 4. Early intramucosal adenocarcinoma with stromal inva-
sion in an area of intestinal metaplasia. Hematoxylin and
eosin stain. X180

nied tubular carcinoma but not mucocellular (signet-ring
cell) carcinoma [52]. In experimental animals, intestinal
metaplasia is not a pre-requirsite precancerous lesion
[53]. Thus, intestinal metaplasia may also be a paracan-
cerous lesion. Complete metaplasia has been asso-
ciated with lymphoepithelioma-like solid carcinoma
[54]. However, small intestinal type complete metaplasia
is common and its precancerous potential is uncertain.

Molecular studies of metaplastic tissue (Table 2) have
shown varying degrees of alteration involving mismatch
repair genes [30,31], p53 [29,33], and APC/MCC [38]
genes. K-ras mutation was not observed [36,39].
Telomerase activity was present in 35% of the cases
[40]. DNA aneuploidy was found in 22% of the cases
[42]. In one report, microsatellite instability was noted
in incomplete metaplasia [30]. The types of metaplasia
were not stated in the other reports.

Chronic gastric ulcer

Chronic gastric ulcers had been considered a fre-
quent cause of gastric cancer in the older literature.
Recently, however, the importance of chronic ulcer as a
precancerous lesion has been downgraded. At the
National Cancer Center in Tokyo, chronic ulcer was
considered a precursor in only 0.68% of early gastric
cancers (Table 1). In follow-up studies, the incidence of
carcinoma was zero in 5 years [55] and 2.2% in patients
followed for 9 or more years [56]. The decreased inci-
dence of ulcer-cancer may be the result of improved
treatment for ulcer. More importantly, the malignant
ulcer is often misdiagnosed as benign. Pathologically,
ulcer-associated carcinomas are often infiltrative.

Gastric remnants

The reported incidence of carcinoma in the gastric rem-
nant varied from 0 to 7.8 %, mostly being about 2% [25].
The variation is related in part to the time factor. Carci-
noma usually develops more than 10 years after the
initial gastrectomy. The type of gastrectomy procedure
and the nature of the preoperative disease are not sig-
nificant factors. Compared to ordinary carcinoma of the
stomach, the development of stump carcinoma showed
no difference in relation to sex, metaplasia, dysplasia,
gross morphology, or histologic type [57].

The gastric remnant often shows gastritis, cystic
glands, intestinal metaplasia, and dysplasia [25]. The
severity of mucosal changes in the stomach stump corre-
lates with the gastric pH [58]. Polyps may also occur,
mainly of the hyperplastic type. The degree of dysplasia
is generally mild and may regress. Severe dysplasia
plays an important role in carcinogenesis. The types
of carcinoma are about equally divided between
the intestinal and diffuse types. Experimentally, gastro-
jejunostomy increases the incidence of chemically in-
duced cancer in the rat stomach [59]. p53 mutation was
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detected in 36% of stump carcinomas and in 80% of its
adjacent mucosa, higher than the 29% in ordinary
gastric carcinoma and the 25% in adjacent mucosa [57].

Hyperplastic gastropathy

Mucosal hypertrophy of the stomach due to epithelial
hyperplasia can be divided into three types: (1)
Zollinger-Ellison syndrome with glandular hyperplasia
and hyperacidity, (2) Ménétrier’s disease with mucous
cell hyperplasia and protein loss and (3) mixed type
with hyperplasia of all glandular elements. Gastric
carcinoma may be present in the type 3 stomach. How-
ever, it has been postulated that the fundic mucosal
hyperplasia observed in some of these patients may be
secondary, caused by endocrine substances secreted by
the tumor cells [60]. The patients tend to be young and
female, and the carcinoma is often diffusely infiltrative.
Zollinger-Ellison syndrome is not known to be associ-
ated with an increased incidence of gastric carcinoma.
In Ménétrier’s disease, the reported frequency of carci-
noma is 5%-10% [27,61]. The carcinoma may be lo-
cated in grossly unremarkable antrum.

Precancerous lesions: epithelial dysplasia

Among the precancerous conditions listed above, only
adenomas have a high rate of malignant transformation.
Adenomas are characterized by the dysplastic nature
of their component cells. Only a small percentage of
other precursor conditions develop gastric carcinoma.
These diverse conditions share one basic histological
feature — the increased proliferative activity, or
hyperplasia, of epithelial cells. Active epithelial
hyperplasia may be considered the initial tissue alter-
ation in the course of carcinogenesis. The pathologic
lesion from which the carcinoma actually arises
was largely unknown until the 1970s, when dysplasia
of the epithelial cells was recognized as the ultimate
precancerous lesion of gastric carcinoma [62].

As a precancerous condition, dysplasia is defined as a
pathologic lesion characterized by pronounced cellular
and structural alterations and showing a propensity to
malignant transformation. It can occur in both meta-
plastic and nonmetaplastic glands. Based on the degree
of abnormality, dysplasia has been classified simply into
mild, moderate, and severe types (Figs. 5, 6).

Dysplasia is a dynamic process. In ten follow-up re-
ports from 1984 to 1994, the average percent regression
in mild, moderate, and severe dysplasia was 60%, 50%,
and 20%, respectively, while the average percent
regression in carcinoma was 2%, 20%, and 60%,
respectively [23].
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Fig. 5. Moderate epithelial dysplasia showing branching
glands with prominent cellular stratification and pleomor-
phism. A few goblet cells are present. Chronic inflammation is
prominent focally in the stroma. Hematoxylin and eosin stain.
X180

Dysplastic cells have an increased amount of DNA,
partly due to the increased number of proliferating cells
and, when dysplasia is severe, polyploidy and aneup-
loidy are shown [41,42]. The nuclear area is enlarged
[63], cell cycle time is lengthened, and the cell life span
is shortened [64]. Carcinoembryonic antigen and occa-
sionally, p21ras may be present [65]. The tumor sup-
pressor gene p53 and the apoptosis inhibitor bcl-2 gene
may be overexpressed or mutated [33,34,66,67]. APC/
MCC loss of heterozygosity was present in one third of
reported cases of dysplasia [38]. These studies indicate
that severely dysplastic cells resemble malignant cells,
and may in fact be malignant already. Because of these
findings, some investigators take the view that dysplasia
is neoplastic. However, the dysplastic changes are
multifocal, with unpredictable location. Dysplasia is
asymptomatic and may regress [23]. DNA aneuploidy
and p53 alterations have also been found in clearly
non-neoplastic epithelium with only chronic gastritis or
intestinal metaplasia [29,33,38,42]. Nevertheless, histo-
logic differentiation between moderate dysplasia and
adenoma, and between severe dysplasia and in-situ car-



Fig. 6. Severely dysplastic glands showing enlarged nuclei
with prominent nucleoli. The cytoplasm is markedly reduced.
Mitoses are present. Hematoxylin and eosin stain. X650

cinoma may be difficult, particularly the latter. The de-
cisive points are that dysplasia, defined as a precursor
to malignancy, is a multifocal, ill-defined, and variable
process, while a neoplasm is monoclonal, and thus,
well defined and relatively uniform. Furthermore, the
dysplastic cells do not invade, while carcinoma cells
break through the basement membrane early (Fig. 4).
Intramucosal stromal invasion is rarely absent when
carcinoma is diagnosed. If the suspicion of carcinoma is
strong, the patient should be closely followed by mul-
tiple and repeat biopsies to ascertain the diagnosis.

The majority of carcinomas found in follow-up stud-
ies were discovered within 1 year of the diagnosis of
dysplasia [23], suggesting that the carcinoma was al-
ready present at the time of diagnosis of dysplasia. Most
carcinomas were in the early stage and curable. There-
fore, efforts must be made to search for any coexisting
carcinoma, particularly if the dysplasia is severe or high
grade.

Dysplasia of metaplastic tissue is closely associated
with the expanding or intestinal type of cancer, but
not with the infiltrative or diffuse cancer. The latter is
more often associated with nonmetaplastic mucosa [68].
Its precise precancerous lesion remains uncertain. How-
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ever, there are indications that infiltrative carcinoma
may arise from neck mucous cells or cells with globoid
dysplasia [24]. In globoid dysplasia, the foveolar cells
are engorged with excessive amounts of acidic mucin,
compressing the eccentric nuclei, thus resembling
signet-ring cells. The presence of acid mucin indicates
that it is a form of incomplete intestinal metaplasia.

Histologic features of gastric carcinoma

The gastric mucosa and particularly its epithelial com-
ponents, is a complex organ. In the presence of chronic
inflammation, irrespective of the etiologic agent, the
epithelium often shows intestinal metaplasia. Carcino-
mas may develop in either metaplastic or nonmeta-
plastic epithelium. Thus, carcinomas of the stomach
have complex and heterogeneous cell populations and
often contain both gastric and intestinal type cells. In
addition, there may be endocrine cells and, less com-
monly, squamous cells [69].

Of the many types of cells identified in gastric carci-
noma, mucous cells are common. The majority of them
in glandular carcinoma are goblet cells secreting acidic
mucins, as in the intestine [70,71]. In diffusely infiltra-
tive carcinoma, most signet-ring cells are also goblet
cells [71]. Many other cells, however, secrete gastric
type mucin [71,72]. As the tumor progresses, the intesti-
nal mucin increases [72]. Gastric type cells are also
prominent in stump carcinoma [73]. The amount of mu-
cus varies. The mucus is contained within the glandular
structures in most instances. Excessive mucus may
escape into the stroma. Non-mucous tumor cells are
mostly immature absorptive cells, having a distinct stri-
ated border with well formed microvilli [71] and secret-
ing digestive enzymes. Argyrophil cells are sometimes
abundant in solid carcinomas [74] and diffusely infiltrat-
ing carcinomas [75]. Hepatoid alpha-fetoprotein-
producing and human gonadotropin-secreting cells are
present in rare tumors [76,77].

The stroma of many gastric carcinomas has distinctive
features. Lymphocytic infiltration is prominent in some
solid undifferentiated carcinomas. These lymphoe-
pithelioma-like carcinomas have been associated with
Epstein-Barr virus [24]. The amount of fibrous stromal
tissue varies. It may be scanty in solid tumors called
medullary carcinomas, and prominent in infiltrative
tumors known as scirrhous carcinomas in which latter
procollagen I has been demonstrated [78]. Transforming
growth factor from tumor cells may stimulate both tumor
cells and fibroblasts to produce collagen [79].

The blood and lymphatic vessels are essential for
maintaining the viability of carcinomas. They also
provide routes for the spread and metastasis of cancer
cells. By immunohistochemical staining using antibody
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against factor VIII to outline the endothelium, the new
small vessels can be counted. The microvessel count
correlated with the extent of tumor invasion and lymph
node and liver metastasis [80].

In general, the architectural features of gastric carci-
nomas fall into three groups: (1) Glandular carcinoma.
This is the most common type of gastric carcinoma, with
varying degrees of tubular differentiation, small-to-
moderate amounts of fibrous stroma, and focal mono-
nuclear inflammatory cells. Glandular carcinomas are
commonly composed predominantly of intestinal type
cells and rarely show a predominance of gastric cells. (2)
Dispersed carcinoma. This type of carcinoma shows
single or small groups of tumor cells or poorly formed
glands dispersed in varying amounts of stromal fibrous
tissue. Most such tumors are diagnosed at an advanced
stage. In the early intramucosal or submucosal stage,
the single tumor cells are often tightly packed without
intervening fibrous stroma, but remain non-adherent to
each other. Signet-ring cell carcinoma is the prototype
of this carcinoma. (3) Solid carcinoma. This type of
carcinoma is characterized by masses of cohesive tumor
cells with no or only focal gland formation. There is
often prominent lymphocytic accumulation in the inter-
vening stroma. The solid tumor mass can be readily
differentiated from the packed cells in early dispersed
carcinoma.

Histologic classification of gastric carcinoma

The histologic composition of gastric carcinoma varies
from patient to patient and from area to area in any
patient. The common presence of several types of cells
in the tumor makes it difficult to classify gastric carcino-
mas by cell type alone, except in rare occasions when a
specific cell type dominates and presents as an unique
clinicopathologic entity. Table 4 lists the types of carci-
noma classified by the predominant cell type and struc-
tural presentation. In most instances, gastric carcinomas
are classified according to the structural, growth, and
invasive patterns. Several histological classifications
have been proposed, each with specific features.

Traditional histologic classification

The World Health Organization (WHO) typing [81] is
based on traditional histological criteria (Table 4). The
adenocarcinomas are subdivided into papillary, tubular,
signet-ring cell, and mucinous types. The carcinomas
are further graded according to the degree of glandular
differentiation. Undifferentiated carcinoma showing
total lack of glandular or cellular differentiation is clas-
sified as a separate entity. This classification is useful for
routine pathological diagnosis of gastric carcinoma.

39

Table 4. Histological classification of gastric carcinomas ac-
cording to predominant cell type and structural presentation

Common types
Glandular carcinoma: Adenocarcinoma?
Papillary adenocarcinoma®®
Tubular adenocarcinoma®®
Mucinous adenocarcinoma®®
Solid poorly differentiated adenocarcinoma®
Dispersed non-glandular carcinoma
Signet ring cell carcinoma®®
Scirrhous carcinoma
Non-solid poorly differentiated adenocarcinoma®
Mixed adenocarcinoma, specify components
Undifferentiated carcinoma®®
Special cell types
Lymphoepithelioma-like carcinoma
Adenosquamous carcinoma®®
Squamous cell carcinoma®®
Small cell carcinoma®®
Choriocarcinoma®®
Embryonal carcinoma?
Hepatoid adenocarcinoma
Alpha-fetoprotein-producing adenocarcinoma®
Parietal cell adenocarcinoma
Paneth cell adenocarcinoma
Carcinoid®®
Mixed carcinoid-adenocarcinoma®

aListed in World Health Organization [81] (WHO) classification.
®Listed in Japanese classification by Japanese Research Society for
Gastric Cancer [82]

The Japanese histological classification (Table 4) de-
fined by the Japanese Research Society for Gastric Can-
cer (JRSGC) [82] divides gastric carcinoma into two
major categories: Common type and special type, using
histologic entities similar to the WHO classification,
with the following differences. The well and moderately
differentiated adenocarcinomas are subtypes of tubular
adenocarcinoma. Poorly differentiated adenocarcino-
ma is a separate subtype and is subdivided into solid and
nonsolid types. The solid tumors form discrete masses
and the nonsolid type is a diffusely infiltrative tumor,
but may have acinar or trabecular structures.

In a similar fashion, Nakamura [52] divided gastric
cancers simply into differentiated and undifferentiated
types, based on the degree of glandular differentia-
tion. The undifferentiated carcinomas according to
Nakamura include the poorly differentiated adenocar-
cinomas, as well as mucinous and signet-ring cell carci-
nomas, which are often composed of well differentiated
cells. Thus, undifferentiated carcinoma according to
Nakamura’s classification is very different from the
undifferentiated carcinoma according to the WHO
classification.

In addition to histologic typing, the JRSGC classifica-
tion includes the status of lymphatic and venous in-
volvement, level of tumor penetration and metastasis,
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cancer-stroma relation, and pattern of tumor growth, as
well as clinical and operative features. Thus, this classi-
fication facilitates tumor staging and evaluation of the
patient’s overall status.

Classification by pattern of tumor growth and invasion

Gastric carcinomas have different modes of growth.
Many carcinoma cells maintain a coherent relationship
with each other and form masses, as do adenocar-
cinomas of other organs, including those of the intes-
tines. In about one-third to one-half of gastric
carcinomas, the tumor cells show a loss of cohesive
relationship and invade as individual or small groups of
cells or glands. This phenomenon is rarely found in
carcinomas of other organs. These variations manifest
early and persist throughout the course. Thus, the
growth and invasive patterns are intrinsic biologic char-
acteristics of gastric cancer cells.

Laurén [83] was the first pathologist to recognize two
distinct patterns of histologic composition and invasion,
and divided gastric carcinomas into intestinal (53%),
diffuse (33%), and unclassified (14%) types. Recently,
the term “mixed type” has been used to replace the
“unclassified type”. The respective frequencies of the
three types in the American College of Surgeons survey
[84] were 31%, 55%, and 5%. The mixed type tumors
were treated as diffuse type in clinicopathological
evaluations. The mixed type tumors are heterogeneous
[85] and include tumors with mixed intestinal and dif-
fuse types, diffuse carcinomas forming nodules, tumors
with mixed glands and signet-ring cells, and some muci-
nous carcinomas.

Intestinal type carcinoma is characterized by the simi-
larity of its histologic features with those of differenti-
ated intestinal carcinoma, while diffuse type carcinoma
shows diffuse infiltration of tumor cells individually or
in small nests. Thus, these two tumor types are based on
different criteria, which are not entirely compatible. In
fact, the histologic types of carcinomas in the stomach
and intestines according to the WHO classification are
almost identical. Conversely, MUC5AC, a mucin spe-
cific for gastric foveolar and neck mucous cells, was
present in 64% of gastric carcinomas, in 100% of early
and in 59% of advanced gastric carcinomas. It was
present in 59% of intestinal type and 83% of diffuse
type carcinomas. It decreased as the tumor progressed
and invaded deep into the tissue [86]. However, only
intestinal type carcinoma is commonly associated with
chronic atrophic gastritis, severe intestinal metaplasia,
and dysplasia in the neighboring mucosa.

Recognizing the differences in the patterns of tumor
growth and invasiveness among the gastric carcinomas,
Ming [87] proposed a classification of gastric carcino-
mas into expanding and infiltrative types (Table 5). Ex-
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Table 5. Pathologic features of classification of invasive gas-
tric carcinoma by growth pattern [87]

Type

Features Expanding Infiltrative
Gross form

Superficial Most cases? Few cases?

Polypoid All cases None

Fungating Most cases Few cases

Ulcerated Half cases Half cases

Diffuse Few cases Most cases
Cancer cells

Gland formation Common Uncommon

Size of glands Mostly large Mostly small

Differentiation Variable Variable

Aggregated masses Common Uncommon

Goblet cells Common Common
Mucus

Neutral mucoprotein Rare Common

Acidic mucin Common Common

Extracellular pool Occasional Occasional
Stroma

Inflammatory cells Common Uncommon

Fibrosis Slight Prominent
Neighboring mucosa

Atrophy Common Occasional

Intestinal metaplasia Severe Mild or none

Dysplasia Common Rare

2Growth and invasive pattern of most superficial gastric carcinomas

are not yet evident

Fig. 7. Expanding type adenocarcinoma consisting of a com-
pact patch of moderately differentiated neoplastic glands,
scanty fibrous stroma, and focal lymphocytic accumulation.
Hematoxylin and eosin stain. X150

panding carcinomas (Figs. 7, 8) grow by expansion of
cohesive tumor nodules or masses, with a well defined
periphery. Infiltrative carcinoma cells grow indepen-
dently into dispersed separate individual cells or small



S.-C. Ming: Pathology and genetics of gastric cancer

Fig. 8. Expanding type adenocarcinoma showing aggregated
glandular carcinoma forming a circumscribed nodule.
Hematoxylin and eosin stain. X65

individual

Fig. 9. Infiltrative
neoplastic cells, mostly undifferentiated, infiltrating the fi-
brous stroma between smooth muscle bundles of the
muscularis propria. Hematoxylin and eosin stain. X200

type carcinoma showing

glands (Figs. 9-11) that show strong invasive power with
extensive infiltration into the stroma (Fig. 9). The rela-
tive frequencies of these types are 65% and 30%, re-
spectively. The growth patterns are mixed in 5% of
tumors; 2% with prominent expanding pattern and 3%
with prominent infiltrative pattern. Some expanding tu-
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Fig. 10. Infiltrative adenocarcinoma with irregular neoplastic
tubules in the lower portion and signet-ring cell tumor in small
mucinous pools. Hematoxylin and eosin stain. X150

Fig. 11. Infiltrative carcinoma showing well formed small
glands infiltrating the muscularis propria. Fibrous stroma is
prominent in the lower portion. Hematoxylin and eosin stain.
X65
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mors show an infiltrative growth pattern at their ad-
vancing margin, reflecting increased malignancy of the
tumor. However, the designation of tumor type should
be based on the growth pattern of the entire tumor. If
the infiltrative pattern is limited to the periphery of the
tumor, the basic biology of the carcinoma may have not
been substantially altered.

The different modes of tumor growth are the basis
for the gross appearance of the tumor. Polypoid and
fungating carcinomas are typical of expanding carcino-
mas, and diffusely infiltrative carcinomas are formed by
non-cohesive infiltrative tumor cells. Grossly ulcerative
carcinomas are about equally divided between expand-
ing and infiltrative growth patterns.

Grossly The growth patterns of gastric carcinomas
are related to the loss of function of cell adhesion
molecules such as E-cadherin, which is preserved in
expanding carcinomas and lost in infiltrative carcinoma
[88]. Electron microscopy revealed well developed des-
mosomes in expanding, but not infiltrative carcinoma
[89]. Lymphocytic infiltration is heavy in expanding
carcinoma and desmoplastic response is prominent in
infiltrative carcinoma.

Ming’s classification places primary emphasis on the
patterns of growth and invasion. Each main type con-
tains tumors with different grades of cellular and glan-
dular differentiation, which also influence the biologic
behavior of the tumor. Thus, each main type should be
further classified into well differentiated and poorly dif-
ferentiated subtypes. These subtypes may change as the
tumor progresses with increasing loss of differentiation.

There are similarities between Ming’s and Laurén’s
classifications. Expanding carcinomas are mostly intes-
tinal type and the infiltrative carcinomas are usually
diffuse type carcinomas. However, the solid carcinoma,
unclassified according to Laurén’s classification, is an
expanding carcinoma. Conversely, a tumor composed
of small glands and infiltrating diffusely is an infiltrative
type carcinoma. Furthermore, the well differentiated
carcinoma of Nakamura’s classification [52] generally
grows by expansion and the poorly differentiated carci-
noma grows by infiltration.

Other classifications

Inokuchi and Sugimachi [90] divided early gastric carci-
nomas into superficial (Super) and penetrating (Pen)
types. The latter is further divided into A and B types.
Pen A tumors show expanding type growth and Pen B
tumors, infiltrative type growth. Similar patterns were
noted in the advanced carcinomas. These types were
related to prognosis. The Super type had good progno-
sis and Pen A type poor prognosis. The prognosis of
early Pen B carcinomas was good but worsened in the
late stage [90]. Mulligan [91] divided gastric carcinomas
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into mucous cell (46.7%), pylorocardiac gland cell
(29.7%), and intestinal cell (23.6% ) types. Goseki et al.
[92] classified gastric carcinomas into four groups based
on the degree of tubular differentiation and amount of
intracellular mucus. This classification has been corre-
lated with the extent of metastasis.

Molecular alterations in gastric carcinoma

Many molecules, including oncogenes, growth factors,
tumor suppressor genes, and other regulatory genes and
proteins participate in the development of gastric car-
cinoma. The development of monoclonal antibodies
and advances in molecular technology have greatly ex-
panded the scope of investigation.

DNA content and ploidy patterns have been studied
in both early and advanced gastric carcinomas. In the
early carcinomas studied in Japan using cytophotom-
etry, high DNA ploidy was found in 37% [93]; in only
9%-16% of superficial carcinoma, in 30% of Pen B
type, and in 82%-94% of Pen A type [90,93]. Similar
distribution patterns were observed in the advanced
stages of these tumor types. The frequency of high
DNA ploidy fluctuated as the differentiated carcinomas
invaded deep into the tissue, ranging from 43% to 71%,
while the frequency of high DNA ploidy in undifferenti-
ated carcinoma increased steadily from 0% in mucosal
carcinoma to 58% in serosal carcinoma [90]. Using flow
cytometry in the carcinomas of European patients [94],
aneuploidy was noted in 50% of superficial early carci-
nomas, in 70% of Pen A type, and in 41 % of Pen B type.
It was present in 45% of tubular carcinomas and 17% of
signet-ring carcinomas. In advanced carcinomas, aneup-
loidy was found in 34%-73% [94-98]; more frequently
in glandular than nonglandular tumors [29,90,96].
Heterogeneity of ploidy pattern was noted in about
30% of early and advanced differentiated carcinomas,
and in 60% of advanced, but in none of early undiffer-
entiated carcinomas [95]. In 32% of adranced tumors,
the superficial portion was diploid and the deep portion
aneuploid [97]. This phenomenon is particularly evident
in signet-ring cell carcinoma [94,98] and correlates with
the slow growth of such early tumors in both humans
and animals [99,100].

The polyploid and aneuploid carcinomas had high
cell proliferation activity and positive expression of epi-
dermal growth factor receptor. They were more ad-
vanced and had worse prognosis than diploid tumors
and tumors with homogeneous ploidy [95,96,101].

There have been many molecular studies of gastric
carcinoma. The results are well summarized by Tahara et
al. [102] and others [103]. Microsatellite instability (MI)
with replication error (RER+ phenotype) is common in
gastric carcinomas, often involving many loci [32]. Ad-
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Table 6. Microsatellite instability in gastric carcinoma (%)

Early CA Advanced/Unspecified CA
Total In Di Total WD PD SR Sc Sol In Di Reference number
12 19 4 19 30 6 104
33 33 18 75 30
47 31
22 30 6 106
17 32
25-674 32
ob 109
60 102
154 17¢ 98
17 64 21 107
12 33 9 47 40 105
40 115
31 33 26 100 108

CA, carcinoma; In, intestinal type; Di, diffuse type; WD, well differentiated; PD, poorly differentiated; SR, signet-ring cell type; Sc, scirrhous

type; Sol, solid type.

2 At different loci.

> Ages 19-39 years.

¢Age under 35 years.

4 All signet-ring cell carcinomas

vanced carcinomas are more likely to show M1 than early
carcinoma [104,105] (Table 6). Although some reports
showed a higher frequency of MI in intestinal type and
well differentiated carcinoma than in diffuse type carci-
noma [104,106], others reported higher frequency in
poorly differentiated [107], signet-ring cell [108], and
scirrhous carcinomas [30]. In one report, MI was found in
60% of carcinomas in patients under 35 years of age
[102], but in another report MI was not found in any
patients between 19 and 39 years of age [109]. MI was
shown in 47% of solid carcinomas, but MI was not
detected in EBV-positive tumors [105]. Patients with a
family history of gastric carcinoma had higher rates of
MI in the tumor [110-112]. Germline mutations at loci
involved in hereditary nonpolyposis colorectal cancers,
such as hMSH2 and hMLH1, were not detected in gastric
carcinoma [113]. In synchronous multiple gastric carci-
nomas, the status of MI was found to be heterogeneous,
indicating different pathways in their development [114].
MI has not been clearly related to any clinical or patho-
logical feature of gastric carcinomas [115].

The tumor suppressor p53 gene has been examined in
many studies. Selected results of some of the reports
are included in Table 7. Overexpression and mutation
of p53 were seen more frequently in the intestinal type
than in diffuse type carcinomas [116,117] and more in
the differentiated than the undifferentiated carcinomas
[29,117,119,120]. The alterations occur early and remain
at the same level in the intestinal type carcinomas [118].
They are infrequent in early diffuse carcinomas, but
increase progressively as the tumor advances
[18,118,121]. The frequency of p53 changes has been
related to metastasis [119,122,123], DNA ploidy

[119,124], and cohesiveness of tumor growth [125]. p53
alterations were related to the depth of invasion in some
reports [34,126], but not in others [117,127,128]. There
is no relation between the growth pattern of the tumor
and expression of p53 [34,118]. The 5-year survival rate
was 9% for carcinomas with p53 mutation and 42% for
those without mutation [129], but the survival rate was
not affected by the mere expression of p53 [130].

Mutation and loss of heterozygosity (LOH) of tumor
suppressor genes involved in the colonic carcinogenesis,
such as APC (adenomatous polyposis coli), MCC (mu-
tated in colorectal cancer) and DCC (deleted in colorectal
cancer) have also been found in gastric carcinomas. APC
and MCC are located close to each other on chromo-
some 5q. DCCis located on chromosome 18q. Mutation
and LOH of APC were observed in 1%-34% of carcino-
mas, of MCC in 41%-58%, and of APC/MCC in 31%-
84% [36,38,105,131]. The rates of LOH were lower than
the mutation rates, and rates of LOH and mutation of
APC and MCC were lower in well differentiated than in
poorly differentiated carcinomas [131]. In one report,
DCC mutation was seen in 58% of carcinomas [36].
In another report [126], DCC mutation was found in
28% of carcinomas; 18 % in well differentiated and 10%
in poorly differentiated carcinomas. LOH of DCC was
seen in 61% of carcinomas, and occurred more fre-
quently in early-stage than late-stage tumors [126]. In
multiple synchronous carcinomas, APC, MCC, and p53
had different mutation patterns, suggesting separate
pathways of tumor development [132].

The apoptosis inhibitor bcl-2 gene was expressed in
14% of gastric carcinomas; in 21% of early carcinomas,
in 8% of advanced carcinomas, in 17% of well differen-
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Table 7. p53 Mutation or overexpression in gastric carcinomas (%)

Carcinoma types

Early Advanced
Gene alteration Int Diff WD PD Int Diff SRC Muc Reference number
Overexpression 70 52 116
Mutation 41 4 50 33 118
Overexpression 64 33 56 27 20 50 117
Overexpression 50 46 0 4 119
Overexpression 54 0 120
Mutation 21 120
Overexpression 73 52 29
Primary Metastatic
LOH 25 44 122
Mutation 0 50 123
Expression 54 85 119
Diploid Aneuploid
Mutation 0 64 124
Overexpression 31 69 119
Cohesive Non-cohesive
Mutation 37 0 125

Int, Intestinal type, Diff, diffuse type; WD, well differentiated; PD, poorly differentiated; SRC, signet-ring cell type; Muc, mucinous type

tiated, and in 10% of poorly differentiated carcinomas
[133]. It is interesting to note that, in another report
[134], bel-2 expression was present in 24% of well differ-
entiated and in none of poorly differentiated carcino-
mas, whereas the corresponding rates of bc/-2 LOH
were reversed: bcl-xL, also an inhibitor of cell death,
was over-expressed in 63% of early carcinomas and
50% of advanced carcinomas [135]. The bax gene, an
antagonist of bcl-2 and thus promoter of apoptotic cell
death, was reported to be mutated in 64% of gastric
carcinomas with microsatellite instability [136]. The
anti-metastasis nm23 gene was expressed in 85% of
gastric carcinomas, and was twice as frequent in the
intestinal type as in the diffuse type carcinomas [137].
nm23 LOH was found in 24% of colon cancers [138].
nm23 was decreased in lymph node metastasis and sero-
sal carcinomas [139]. Aberrant variants of CD44, a cell
adhesion molecule implicated in tumor progression and
metastasis, were present in all gastric carcinomas [140].
Another cell adhesion molecule, E-cadherin, was lost in
0%-13% of well differentiated and expanding carcino-
mas and in 40%-50% of poorly differentiated and
infiltrative carcinomas [140,141]. Vascular endothelial
growth factor, which is related to angiogenesis in
tumors and metastases, is more frequently expressed in
differentiated than in undifferentiated carcinomas
[140].

The cell proliferation regulator, cyclin E, was over-
expressed in 29% of gastric carcinomas [142]. Prolifera-
tive cell nuclear antigen was expressed in 90% of
carcinomas [128] and Ki67 immunoreactivity was in-

creased in deep-seated tumors and lymph node
metastasis [143]. p16, a product of multiple tumor sup-
pressor gene, was not mutated or deleted in gastric car-
cinoma [144], but aberrant RNA transcripts were found
in 46% of diffuse type carcinomas and 30% of intestinal
type carcinomas [145]. p21 (WAF-1), an inhibitor of
cyclin-dependent kinases, was expressed in 32% of car-
cinomas; patients with these tumors had a better sur-
vival rate than patients whose tumors were without this
expression [130].

Several oncogenes have been demonstrated in gastric
carcinomas [140,146]. K-sam appears to be specific for
poorly differentiated and scirrhous carcinomas. The c-
met gene is also more frequently amplified in scirrhous
carcinoma [147]. On the other hand, the c-erbB2 gene,
amplified in 18%-24% of gastric cancers [128,148], is
expressed in differentiated carcinomas. K-ras gene mu-
tation is rarely reported [36,39,149,150]. In one report of
44 tumors, point mutation of K-ras was found in 2 and
of N-ras in 3 diffuse type carcinomas [150].

Several growth factors are expressed in gastric car-
cinomas [151]. Over-expression of epithelial growth
factor (EGF) is associated more often with well differ-
entiated than with poorly differentiated carcinoma,
while transforming growth factor (TGF) {3 is seen more
often in the latter. In 83%-91% of gastric carcinomas
with microsatellite instability, there is mutation of TGF
[ RII [106,152], thus reducing inhibition of the ability of
TGF p to stimulate tumor growth. In one report, such a
mutation was not seen in gastric carcinomas, although it
was present in 81% of colorectal carcinomas [153].
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Table 8. Genetic alterations in gastric and colon carcinomas (%)

Gastric cancer'#

Colon cancer

Genes WD PD Sporadic*® ucH
Replication error 1717-40105W  QIOSXY_7529X 4515 83
Telomerase activity 100 90 94102
CD44 (abnormal transcript) 100 100 100
p53 (LOH, mutation) 42120-60 75 75-85 50%7-100
nm23 (overexpression) 97137% 541372

(LOH) 2413
VEGF (overexpression) 46 12
Cyclin E (amplification) 20 10 gts8
K-ras (mutation) 10 0 48 30%7-50
bcl-2 (LOH) 2413443 Q134140 603

(overexpression) 014 24134
c-erbB-2 (amplification) 20 0 <5
K-sam (amplification) 0 33%
Cadherin/catenin (loss) 0-13% 409-50 444
c-met (amplification) 197 20147X_39142 317
TGF BRII (mutation) 91106 81133 17153
APC (LOH, mutation) 22131-60 04311 >65 3315419
DCC (LOH) 50-61'% 0 70-75
MCC (LOH, mutation) 201! 601! 10-50 291

Carcinoma type: WD, Well differentiated; PD, poorly differentiated; W, intestinal type; X,
scirrhous type; Y, signet-ring cell type; Z, diffuse type; UC, Ulcerative colitis-associated cancer

The above review reveals many differences in the
molecular alterations between the well differentiated
and poorly differentiated gastric carcinomas, as ob-
served by Tahara et al [102,140]. Some of these findings
are summarized in Table 8. It should be noted that
poorly differentiated carcinomas in the Japanese clas-
sification correspond to diffuse type carcinoma and
include infiltrative non-glandular tumors such as signet-
ring cell carcinomas and scirrhous carcinoma (see the
section on histologic classification above). The well
differentiated carcinomas are mainly intestinal type car-
cinomas. Genetic alterations common in both intestinal
and diffuse types of carcinomas are RER+ phenotype,
telomerase activity, CD44 variant transcripts, and p53
mutation. Changes which occur more frequently in well
differentiated carcinoma are mutations of the APC and
DCC genes, and genes related to apoptosis and
metastasis. E-cadherin loss occurs almost exclusively in
the poorly differentiated carcinomas.

Since intestinal type carcinoma of the stomach re-
sembles colonic carcinoma, it is possible that the mo-
lecular alterations in these tumors are similar [125]. The
respective molecular features are compared in Table 8.
In this Table, the sporadic colorectal carcinomas are
non-hereditary tumors. Ulcerative colitis-associated
colorectal carcinomas are also listed for comparison,
because most gastric carcinomas occur in stomachs with
chronic gastritis, a condition analogous to ulcerative
colitis.

The molecular events common to both gastric and
colon carcinomas are telomerase activity, aberrant tran-
scripts of CD44, and mutation of TGF { RII in unstable
carcinomas, suggesting the fundamental role of these
changes in gastrointestinal carcinogenesis. Mutations of
the APC, DCC, and MCC genes in well differentiated
gastric carcinomas are similar to those in sporadic
colorectal carcinomas. There is no similarity between
these changes in gastric carcinoma and the changes in
ulcerative colitis-associated colorectal cancer. In reality,
there is no solid reason to expect a definitive parallel
between the carcinogenic process of gastric carcinoma
and that of colonic carcinoma. In view of the observa-
tion that even in the same stomach, multiple synchro-
nous tumors have different patterns of molecular
alterations [114,132], it is not surprising that carcinomas
in two different organs, though similar, retain separate
characteristics.

The concept of intestinal type carcinoma in the stom-
ach was developed when knowledge of the carcinogenic
process was limited. Nevertheless, it has long been rec-
ognized, including by Laurén, that intestinal type carci-
noma in the stomach is unlike carcinoma of the colon,
in that both intestinal and diffuse carcinomas of the
stomach consist of intestinal and gastric types of cells
[83,87,160,161], and intestinal type carcinoma is related
to incomplete metaplasia, which has mixed intestinal
and gastric features. The molecular changes re-enforce
the view that intestinal type gastric carcinoma is quite
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Table 9. Immunohistochemical reactivity of EGF, EGF-R and p53 in gastric carci-

noma (%)
Number
of cases EGF EGF-R p53
Carcinomatype A B 0 + ++ 0 + ++ 0 + ++
All carcinomas 64 45 27 39 34 17 36 47 36 31 33
Expanding type 39 21 26 33 41 13 38 49 38 33 29
WD 24 14 17 25 58 13 53 54 36 36 28
PD 15 7 40 47 13 13 58 29 43 28 29
Infiltrative type 25 24 28 48 24 24 40 36 33 29 38
WD 17 12 29 59 12 30 353 17 58 25 17
PD 5 12 25 25 50 12 13 75 8 34 58

0, Absent; +, weakly reactive; + +, strongly reactive; WD, well differentiated; PD, poorly differ-

entiated.

Number of cases: A, In epidermal growth factor (EGF) and EGF-receptor (R) studies; B, In p53

studies

different from true colonic carcinoma. It should be
treated rightfully as a form of gastric carcinoma and be
studied in its own right.

The reported molecular studies show many inconsis-
tent, sometimes conflicting, results, making it difficult to
evaluate the significance of the data. One possible cause
is technical. The data on gene expression gained by
immunohistochemical staining may be expected to dif-
fer from data on mutation gained by molecular analysis.
Another reason for inconsistency may be the nature of
the specimen used for analysis. Most reports did not
state the amount of viable tumor tissue in the specimen
and the histologic features of the tumor. Most carcino-
mas contain various amounts of heterogeneous tissue
which may vary in their biologic characteristics. In order
to ascertain the nature of tissue in the specimen, a
microscopic examination of the tissue under study is
required. The importance of knowing the detailed histo-
logic features of the tumor is exemplified in our studies
on the immunohistochemical expression of p53 and epi-
dermal growth factor and its receptor, shown in Table 9.
The crude data show similarity in the results for expand-
ing and infiltrative carcinomas. When the grade of dif-
ferentiation is taken into account, distinct differences
become apparent between these two groups.

Future perspectives

Advances in clinical diagnosis and management have
greatly improved the survival of patients suffering from
gastric cancer. The etiology of this disease and the caus-
ative carcinogens remain to be ascertained, however.
The development of molecular technology has en-
hanced our understanding of the mechanisms of devel-
opment and progression of the cancer. Thus far, the
information is fragmentary and, at times, conflicting.

It is clear that much more effort is needed to unravel
the mystery. The data suggest that gastric cancer may
have multiple routes of development. In this regard, the
pathological diversity of the tumor has been instru-
mental in suggesting this possibility. The effort in
broadening the search for pathological clues to corre-
late with the molecular biology of the tumor should be
expanded.

The pathological study of gastric cancer has been
intense and comprehensive. More importantly, it has
evolved from mere morphologic description to concep-
tual and biologic investigation. The transition began
when it was recognized that there were two main types
of gastric cancer. With the information from molecular
studies, it is now evident that each main type has mul-
tiple variations, or subtypes. There may also be other
cancer types distinct from these recognized groups.
Therefore, it is important to strengthen our efforts of
closely correlating the morphologic and molecular data
and providing new understanding of the basic mecha-
nisms and manifestations of gastric cancer. To facilitate
the interpretation of the results, a standard should be
set with regard to the detailed pathologic classification
and the scope of molecular investigation. Such efforts
will inevitably further improve the clinical management
and benefit the patients.
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