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Abstract. Several studies indicate that the use of non-
steroidal anti-inflammatory drugs (NSAIDs) may reduce
the risk of gastric corpus and possibly gastric cardia cancers.
The best known action of NSAIDs is to block the enzyme
cyclooxygenase, the rate limiting enzyme in the conversion
of arachidonic acid to prostaglandins. We investigated the
expression of cyclooxygenase-2 (Cox-2) in adenocarcinomas
of the gastric cardia (N=19) and corpus (N=15) and in
adjacent normal epithelium from a high risk Chinese
population. Immunohistochemical detection of Cox-2
revealed positive staining in 36% of the gastric cardia cancer
cases and 60% of the gastric corpus cancer cases, whereas
histologically normal tissue from the same patients were
negative. Smooth muscle, stroma and inflammatory cells
were also positive. Our results suggest that Cox-2 is over-
expressed in a large proportion of adenocarcinomas of the
gastric corpus and in a smaller number of gastric cardia
cancer cases.

Introduction

Cancer of the gastric corpus continues to be a major world
health problem and the second most frequent cancer despite
its decline in incidence (1,2). Early detection of stomach
cancer is difficult, and in most Western countries the five-year
survival rate is less than 20% (3). More than 90% of gastric
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cancers are adenocarcinomas and their pathogenesis is
quite complex. While the overall incidence of gastric
cancer involving the body of the stomach has declined in
industrialized nations, there has been an unexplained rise in
adenocarcinoma of the proximal or cardiac region of the
stomach over the last 10-15 years in Western countries. The
highest incidence of upper gastrointestinal tract cancers occur
in Northern China (4). Thus, the development of strategies to
prevent gastric corpus and gastric cardia cancers, including
chemopreventive agents, may prove beneficial.

In a large prospective mortality study (5), the use of
aspirin was associated with a reduced risk of cancers of the
stomach, esophagus and colorectum compared to non-users.
More recently, Farrow and colleagues (6) reported that current
users of aspirin were at reduced risk for gastric corpus adeno-
carcinoma [odds ratio (OR), 0.46; 95% confidence interval
(95% CI), 0.31-0.68] but not for gastric cardia adeno-
carcinoma (OR, 0.8; 95% Cl, 0.54-1.19) compared to non-
users.

The best known action of aspirin and other non-steroidal
anti-inflammatory drugs (NSAIDs) is to block the enzyme
cyclooxygenase (Cox), the rate limiting enzyme in the
conversion of arachidonic acid to prostaglandins (7). Prost-
aglandins, such as PGE2, can promote cell proliferation,
inhibit the immune response to malignant cells and may also
inhibit apoptosis (8). Two Cox (Cox | and 2) genes have
been cloned with approximately 60% sequence homology.
Cox-1 is a housekeeping gene responsible for homeostatic
functions such as maintaining the gastric mucosa, while Cox-2
is an inducible early response gene, which is dramatically
upregulated during inflammation. Mechanisms underlying the
association between Cox-2 overexpression and tumorigenic
potential are thought to include inhibition of apoptosis and
induction of cell proliferation.

In vitro experiments have shown NSAIDs to be anti-
proliferative in some cell lines. Two NSAIDs, NS-398 and
indomethacin, inhibited proliferation of two gastrointestinal
cancer cell lines (MKN45 and CACO-2) that overexpressed
the enzyme Cox-2 (9). However, these inhibitors exerted
minimal effects on proliferation of other cell lines which
expressed significantly lower levels of Cox-2.
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Figure 1. Adenocarcinoma of the gastric cardia with mild (1%) brown Cox-2
staining in some tumor cells (black arrow). (Magnification x50).

Table 1. Cox-2 expression in adenocarcinoma of the gastric
cardia and gastric corpus.

Number of Average
specimens intensity score
showing Cox-2 in positive
positivity (%) specimens
Normal epithelium
(N=34) 0 O -
Gastric cardia
adenocarconoma
(N=19) 7 (36) 1.5%
Gastric corpus
adenocarcinoma
(N=15) 9 (60) 2
Stroma adjacent to
normal epithelium
(N=34) 34 (100) 2+
Stroma adjacent
to tumor
(N=34) 34 (100) 2+
Smooth muscle
(N=34) 34 (100) 2.5+

sStaining in focal regions. PAverage intensity in all smooth muscle
cells.

Figure 2. Adenocarcinoma of the gastric corpus with moderatc (2*) brown
Cox-2 staining in well differentiated regions (black arrow). (Magnification
x50).

Figure 3. Histologically normal corpus mucosa negative for Cox-2.
Intensely positive (3*) inflammatory cells in the superficial aspects of the
stomach mucosa are seen at the top (open circle). (Magnification x50).
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Elevated levels of Cox-2 mRNA and protein, but not
those of Cox-1, have been found in chemically induced rat
colon carcinoma tissues (10) and in human colon carcinoma
compared with normal mucosa (11). It is unknown whether
Cox-2 is expressed in tumors of the gastric cardia. There is one
report of Cox-2 overexpression in gastric corpus cancer (8).
If Cox-2 is expressed in tumors of the gastric cardia as well
as those of the gastric corpus, then these cancers may be
targets for chemoprevention by NSAIDs use. Here we report
an immunohistochemical study of Cox-2 expression in
carcinoma of the gastric cardia and gastric corpus in tissue
samples from a high risk Chinese population.

Materials and methods

Methods

Tissue samples. Surgical specimens of gastric cardia (N=19)
and gastric corpus (N=15) adenocarcinomas were obtained
from 34 patients resected at the Shanxi Cancer Hospital in
Taiyuan, Shanxi Province, China. The 34 patients in this
survey included 26 men and 8 women, with an average age
of 58 years (range 40-72). Matched pairs of tumor and non-
tumor tissue blocks were cut and formalin fixed within a few
minutes of resection, then paraffin embedded for histo-
logical evaluation. -

Immunohistochemistry. Formalin-fixed, paraffin-embedded
tissues were cut to 4 um sections and deparaffinized. Immuno-
histochemistry was performed with the immunoperoxidase
technique using an anti-Cox 2 mouse monoclonal antibody
from Transduction Laboratories (Lexington, KY) at a dilution
of 1:400 with tyramide signal amplification (TSA-Indirect
Kit, Dupont NEN Products, Boston, MA). The Vectastain
Mouse Elite kit (Vector Laboratories, Burlingame, CA) was
used as the secondary antibody, with diaminobenzidine (DAB)
as the chromagen. Two cell lines, human colon cancer HT-29
and HCT 116 cells were used as positive and negative controls,
respectively.

For each tissue specimen, the extent and intensity of
staining with Cox-2 antibodies was graded as negative (-),
mild (1*), moderate (2*) or intense (3*). Separate intensity
scores were recorded for epithelial, inflammatory, stromal
and smooth muscle cells.

Results

Immunohistochemical analysis revealed positive staining of
tumor cells with antibodies against Cox-2 in 36% of the
gastric cardia cancer cases (Fig. 1) and 60% of the corpus
adenocarcinomas (Fig. 2). Most of the gastric cardia cases
were negative for Cox-2, while most of the stomach body
adenocarcinomas were positive (Table I). Six of the seven
positive cardia cancer cases (86%) were only mildly positive.
Six of the nine positive corpus cancer cases (66%) were also
only mildly positive. In contrast to squamous esophageal
cancers (12), there was no correlation between differentiation
status and Cox-2 expression.

The histologically normal epithelium from both the gastric
cardia and corpus cancer (Fig. 3) cases were negative for
Cox-2. Immunohistochemical staining was intensely positive
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in inflammatory cells located in the superficial aspects of the
gastric mucosa (Fig. 3). Moderate to intense Cox-2 positivity
was also present in stromal fibroblasts and smooth muscle
cells near the epithelium in non-tumor and tumor tissue blocks.

Discussion

Using immunohistochemical techniques we found modestly
elevated levels of Cox-2 protein in some tumors of human
gastric cardia and corpus. Increased Cox-2 expression has
also been previously identified in human colorectal cancers
(11), gastric adenocarcinomas (8) and squamous esophageal
cancers (12). Thus, overexpression of Cox-2 may be relatively
common in epithelial cancers of the gastrointestinal tract. In all
of our samples, including tumor and normal tissue sections
from both gastric cardia and gastric corpus cancer cases, we
observed staining of stromal fibroblasts, smooth muscle
cells and inflammatory cells. The immunolocalization of
Cox-2 in smooth muscle cells was similar to that reported
by us previously (12). Furthermore, in contrast to esophageal
squamous cell carcinomas that overexpress Cox-2 in well-
differentiated tumors, there was no correlation between

_differentiation status and Cox-2 expression in adeno-

carcinomas of the cardia and corpus.

These results, although qualitative in nature, suggest that
expression of the Cox-2 is elevated in some adenocarcinomas
of the gastric cardia and gastric corpus cancers and that Cox-2
may be implicated in the pathogenesis of these adeno-
carcinomas. Cox-2 over-expression may contribute to enhanced
synthesis of prostaglandin E,, increased cell proliferation,
immune-suppression and inhibition of apoptosis (8).

Consequently, selective inhibition of Cox-2 by aspirin
and other NSAIDs may prove efficacious in the retardation
of gastric cardia and gastric corpus cancer development. It is
of interest to note that in the epidemiologic study reported by
Farrow and colleagues (6) current users of aspirin were at
reduced risk for gastric adenocarcinoma of the gastric corpus
but not for the cardia. Our immunohistochemical survey
also suggests that aspirin may be more efficacious in the
retardation of gastric corpus adenocarcinoma development
than cardia adenocarcinoma. However, this work needs to be
confirmed by evaluating Cox-2 expression at the level of
RNA in normal, preneoplastic and cancerous lesions in a
larger number of subjects.
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