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ABSTRACT

Background: Expression of COX-2 in vitro has been shown to have a number of cellular effects including
increasing proliferation, reducing apoptosis promoting angiogenesis, decreasing E-cadherin expression and
increasing invasive/metastatic potential.

Aims: To determine the role of COX-2 in the development and metastasis potential of gastric carcinoma in
human subjects.

Methods: Tissue samples were obtained from surgically removed specimens of 48 patients with primary
gastric adenocarcinoma who underwent gastrectomy from January 1998 to December 1999. The specimens
were stained for HE while COX-2 expressions in cancer fold and antrum site were evaluated
immunohistochemically. Expression of COX-2 was defined as positive when either one of cancer lesion or
antrum site showed immunoreactivity.

Results: Preliminary result from 12 out of 48 cases, COX-2 immunoreactivity was detected in 50%
(6 of 12 specimens). Expression of COX-2 were more frequent in tumor with serosal invasion (5 of 6
specimens), lymph node metastases (3 of 3 specimens), tumor size more than 4 cm and were significant,
statistically (p<0.05). The expression of COX-2 in well differential carcinoma type was similar with in poorly
differentiated carcinoma type.

Conclusion: COX-2 expression in gastric carcinoma tissue is correlated closely with tumor size, serosal
invasion and lymph node metastases, indicating that COX-2 is involved in the growth and metastases of

gastric carcinoma.
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INTRODUCTION

Cyclooxygenase is a key enzyme in prostaglandin
biosynthesis.* Two isoform of COX hasbeen recogni zed.
COX-1 is a constitutively expressed enzyme in many
tissues, including the gastrointestinal tract,2® while
COX-2 whichisnormally undetectable in most tissues,
isinduced in response to a number of stimuli including
the cytokines interleukine-1 (IL-1), interferon-y
(INF-y), tumor necrosisfactor (TNF)* and activation of
epidermal factor receptor (EGF-r).°

Expression of COX-2 had been reported in col orectal
cancers,®’ pancreatic cancer,® hepatocellular
carcinoma,®® esophageal cancers'*!2 and gastric
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cancer.3* COX-2 expression is especialy prominent
in gastrointestinal cancers, suggesting itsimportant role
in gastrointestina cancers.571115

Over expression of COX-2 in vitro has been shown
to have anumber of cellular effectsincluding increasing
proliferation, reducing apoptosis'® promoting
angiogenesis,t"18 decreas ng E-cadherin expression’® and
increasing invasive/metastatic potential .»°

Recent studies have been demonstrated that COX-2
could affect carcinogenesis via severa mechanisms.
COX-2 mediated PG biosynthesis has been suggested to
be involved in the development of cancers based on
elevated level of PGs, especially PGE2, in cancer
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tissues. 22

In papilomas and carcinomas in mouse skin,
overexpression of COX-2 is associated with large
increase in PGE2 and PGF20.2 COX-2 is detected in
majority of colon tumor samples® andisinvolvedin early
events of colon carcinogenesis.?*?> However the
association between COX-2 and the metastatic
potential of stomach carcinomain human has been not
yet studied. Weinvestigated theinvolvement of COX-2
in the development and metastasis of human gastric
carcinoma.

MATERIALS AND METHODS

Patients and Samples

Tissue samples were obtained from surgically
removed specimens of 48 patients with primary gastric
adenocarcinoma who underwent gastrectomy from
January 1998 to December 1999 at Yamanashi
University/Hospital, Japan. Patientswith multiple organ
malignancy have been excluded from this series. The
surgical specimens were fixed in 10% buffered
formaldehyde, embedded in paraffin, sectioned and
stained with H & E. Specimensfrom antrum; outside of
cancer lesion were a so obtained from the same patients.
These specimens were subjected to detailed
pathological examination, which identified severity of
gastritis, depth of invasion, nodal status, marginal
involvement and histological type of the tumors.
The clinicopathologic data were analyzed according to
the Japanese classification system for gastric carcinoma
outlined by the Japanese Gastric Cancer Association.?
Well differentiated gastric carcinoma (WGC) included
papillary and tubular adenocarcinoma, poorly
differentiated medullary carcinoma and well
differentiated mucinous carcinoma; whereas poorly
differentiated gastric carcinoma (PGC) included poorly
differentiated scirrhous carcinoma, signet ring cell
carcinoma and poorly differentiated mucinous
carcinoma.?” Gastritis pattern in the antrum site was
determined according to Update Sydney System.

Immunohistochemical Staining

Paraffin-embedded blocks were sectioned at about
5 mm thickness, deparaffinized and rehydrated. Slides
were immersed in methanol and 30% hydrogen
peroxide for 15 minutes to block the endogenous
peroxidase activity. After rinsing with PBS the
specimens were immersed in normal goat serum for 30
minutes. After rinsing three times with PBS in

20 minutes, slides were incubated overnight in room
temperature with the polyclonal antibody against
COX-2 (Nichirei, Tokyo, Japan) in adilution of 1:100.
All the dlides were rinsed with PBS three times in 20
minutes and incubated with an avidin biotin conjugated
anti Rabbit 1gG (Nichirei, Tokyo, Japan) for 2 hours. After
rinsing the slides were incubated with peroxidase-
conjugated streptavidin (Nichirei, Tokyo, Japan) for
another two hours and followed by DAB staining
(HistofineKit; Nichirei, Tokyo, Japan).

A senior morphologist examined the immuno-
histochemical expression of COX-2. Expression of
COX-2 was defined as positive when either one of
cancer lesion or antrum site from the same patient showed
immunoreactivity. The expression of COX-2
immuno-reactivity was graded semi quantitatively and
each sample was assigned of the following categories:
negative (-), small (+), moderate (++) and many (+++).
The intensity of immunostaining was determined as O
(negative), 1 (weak), 2 (intermediate) and 3 (strong).
The immunoreactive score was calculated by
multiplication of the grade of positive cells and the
staining intensity.

Statistical Analysis

The score of COX-2 expression was compared within
pathological parameters such as: histopathological type,
stage grouping, venous vessel invasion and lymphatic
vessel invasion in gastric wall, serosal invasion and the
presence of lymph node metastasisusing Mann-Whitney
U test.

RESULTS

Preliminary result from 12 out of 48 cases was
demonstrated in Table 1. COX-2 immunoreactivity was
detected in 50% cases (6 of 12 specimens). The score
of COX-2 expressions were related to the tumor size
more than 4 cm, serosal invasion and lymph node
metastasis (p<0.05). The score of COX-2 expression
showed no correlation with histopathologic type,
lymphatic and vascular permeation, UICC TNM stage,
the presence of Helicobacter pylori, gastric atrophy,
intestinal metaplasiaand gastritis score (p>0.05).
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Table 1. Characteristic of 12 Gastric Carcinoma Cases and COX-2 Expression

Case As‘g;/ G pT Ser pN (Sc';; GS:_?)%; \Y Ly IM  Atrophy Hp COX-2
1 48M 1 3 1 0 375 llla -ve  +ve 2 1 +ve No
2 49M 1 1 0 0 150 la -ve -ve 2 2 +ve No
3 51/M 2 2 0 0 125 1b -ve -ve 2 2 +ve No
4  65/F 2 0 0 0 230 la -ve -ve 2 2 +ve No
5 48M 2 1 0 0 150 la -ve -ve 0 1 - ve No
6 59M 1 2 0 0 375 1Ib -ve -ve 2 2 +ve No
7 64M 1 0 0 0 250 1la -ve -ve 2 1 +ve Yes
8 71/M 1 4 1 1 530 lllb -ve -ve 2 2 +ve Yes
9 67/M 2 4 1 1 1225 IVb +ve  +ve 2 2 +ve Yes

10 68M 1 4 1 0 6.75 1l -ve  tve 0 1 - ve Yes
11 69/M 2 3 1 1 275 1l +ve  +ve 2 1 - ve Yes
12 55/M 2 3 1 0 750 llla - ve -ve 0 1 - ve Yes

Abbreviations: M = male; F = female; G = histopatological grading; G1 = well differentiated; G2 = poorly differentiated; pT = primary tumor
invasion; Ser = serosal involvement; pN= regional lymph node; v = vascular permeation; + ve = positive; - ve = negative; Ly = lymphatic
permeation, Hp = Helicobacter pylori

Figure 2. Immunopositive cells in the cancer fold
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DISCUSSION

The present study demonstrated the involvement of
COX-2 in gastric carcinoma. Recently Ohno et a,?®
reported that the degree of COX-2 mRNA elevation was
related to the depth of primary tumor invasion. Similar
findings a so reported by Murata et al, that carcinoma
tissue expressed remarkably higher levels of COX-2in
advanced carcinoma compare to early gastric
carcinoma. Present study revealed the expression of
COX-2related to the serosal invasion but not to stage of
diseases (stage | and Il vs. stage l1l and 1V, p>0.05) in
gastric carcinoma patients. Both of these factors were
claimed to be a prognostic factors.?”

Recent studies have found a correl ation between the
levels of COX-2 expression and lymph node metastasis
and lymphatic permeation in patients with gastric
carcinoma. Murata et al,?® found that tumor over
expression of COX-2 protein, according to Western bl ot
analysis, was associated significantly withinvasioninto
gastric wall lymphatic vesselsaswell aswith metastasis
to lymph node. Yamamoto et a, also reported that over
expression of COX-2 protein was associated significantly
with lymphatic involvement and lymphatic metastasis.
On the contrary Ohno et al,® using RT-PCR analysis
reported that the correlation between the levels of
COX-2 mRNA and lymph node metastasis were not
significant. Present study showed COX-2 expression
were associated to lymph node metastasis, but did not
attain asignificant association with lymphatic permestion
in gastric carcinoma patients.

The size of tumor morethan 4 cm has been proposed
as an independent prognostic factor previously.?
Interestingly, our result revealed the expression of
COX-2 wasrelated to the size of tumor morethan 4 cm.

In the human stomach, Helicobacter pylori infection
isassociated with chronic gastritisand leads to mucosal
atrophy and intestinal metaplasia, whish are
pre-cancerous lesion. Furthermore, Helicobacter pylori
infection is associated with a Ca-fold increased risk of
gastric carcinoma.® Sung et al,* reported that COX-2
proteinisexpressed in the gastric epithelium throughout
themultistep gastric carcinogenesis cascade. The present
study failed to demonstrated any association between
the expression of COX-2 and the presence of
Helicobacter pylori, gastric atrophy, intestinal
metaplasia and the severity of gastritis.

CONCLUSION

COX-2 expression in gastric carcinoma tissue is
correlated closely with tumor size, serosal invasion and
lymph node metastases, indicating that COX-2isinvolved
in the growth and metastasis of gastric carcinoma.

REFERENCES

1. DeWitt DL. Prostaglandine endoperoxide synthase: Regulation

of enzyme expression. Biochem. Biophysics. Acta

1991;1083:121-34

Vane J. Toward a better aspirin. Nature 1994;367:215-16

3. Kargman S, Charleson S, Cartwright M, et al. Characterization
of prostaglandin G/H synthase 1 and 2 in rat and dog, monkey
and human gastrointestinal tracts. Gastroenterology
1996;111:445

4. Jones DA, Carlton DR, Mclntyre TM, et a. Molecular cloning
of human prostaglandine endoperoxide synthase type Il and
demonstration of expression in response to cytokines. J Biol
Chem 1993;268:9049-54

5. Coffey RJ, Hawkey CJ, Damstrup L, et a. Epidermal growth
factor receptor activation induces nuclear targeting of
cyclooxygenase-2, basolateral release of prostaglandines and
mutagenesisin polarizing colon cancer cells. Proc Nat. Acad Sci
USA 1997;94:657-62

6. Ebherhat CE, Coffey RJ, RadhikaA, Giardiello FM, Ferrenbach
S, DuBois RN. Up-regulation of cyclooxygenase-2 gene
expression in human adenomas and carcinomas.
Gastroenterology 1994;107:1183-88

7. SanoH, KawahitoY, Wilder RL, Hashiramoto A, Mukai S,Asia
K, Kimura S, Kato H, Kondo M, Hla T. Expression of
cyclooxygenase-1 and 2 in human colorectal cancer. Cancer Res
1995;55:3785-89

8. Tucker ON, Dannenberg AJ, Yang EK, Zhang F, Teng L, Daly
JM, Soslow RA, Masferer JR, Woerner BM, Koki AT, Fahey
TJ. Cyclooxygenase-2 expression is up-regulated in human
pancreatic cancer. Cancer Res 1999;59:589-90

9. Koga H, Sakisaka S, Ohishi M, Kawaguchi T, Taniguchi E,
Sasatonmi K, Harada M, Kusaba T, Tanaka M, Kimura R,
Nakashima Y, Nakashima O, Kojiro M, Kurohiji T, Saka M.
Expression of cyclooxygenase-2 in human hepatocellular
carcinoma: relevance to tumor dedifferentiation. Hepatology
1999;29:688-96

10. ShiotaG, Okubo M, Naomi T, Noguchi N, OyamaK, Takano,
Yashima K, Kishimoto Y, Kawasaki H. Cyclooxygenase-2
expression in hepatocel lular carcinoma. Hepatol Gastroenterol
1999;46:407-12

11. Zimmermann KC, Sarbia M, Weber AA, Borchard F, Gabbert
HE, Schror K. Cyclooxygenase-2 expression in human
esophageal carcinoma. Cancer Res 1999;59:198-204

12. Ratnasinghe D, Tangrea J, Roth MJ, Dawsey S, Hu M, Anver
M, Wang QH, Taylor PR. Expression of cyclooxygenase-2 in
human squamous cell carcinomaof the esophagus: Animmuno-
histochemical survey. Anti Cancer Res1999;19:171-74

13. Ristimaki A, Honkanen N, Jankala H, Sipponen P, Harkonen
M. Expression of cyclooxygenase-2 in human gastric carcinoma.
Cancer Res1997;57:1276-80

14. Uefuji K, Ichikura T, Mochizuki H, Shinomiya N. Expression
of cyclooxygenase-2 protein in gastric carcinoma. J Surg Oncol
1998;69:168-72

N

46 The Indonesian Journal of Gastroenterology Hepatology and Digestive Endoscopy



15.

16.

17.

18.

19.

20.

21.

22.

23.

Expression of Cyclooxygenase Enhances Tumor Invasion and Metastasis in Human Gastric Carcinoma

Reddy BS, Rao CV, Seibert K. Evaluation of cyclooxygenase-2
inhibitor for potential chemopreventive properties in colon
carcinogenesis. Cancer Res 1996;56:4566-69

Tsuji M, DuBois RN. Alteration in cellular adhesion and
apoptosis in epithelial cells overexpressing prostaglandine
endoperoxidase synthase-2. Cell 1995;83:493-501

Tsuji M, Kawano S, Tsuji S, SawaokaH, Hori M, DuBois RN.
Cyclooxygenase regul ates angiogenesisinduced by colon cancer
cells. Cell 1998;93:705-16

Jones MK, Wang H, Peskar BM, et al. Inhibition of
angiogenesis by nonsteroideal anti-inflammatory drugs: Insight
into mechanism and implication for cancer growth and ulcer
healing (see comments). Nat Med 1999;5:1418-23

Tsuji M, Kawano S, DuBois RN. Cyclooxygenase-2 expression
in human colon cancer cellsincreases metastatic potential . Proc
Natl Acad Sci USA 1997;94:3336-40

Bennet A, Civier A, Hensby CN, Melhuish PB, Stamford IF.
Measurement of arachidonate and its metabolites extracted from
human normal and malignant gastrointestinal tissues. Gut
1987;28:315-18

McLemor TL, Hubbard WC, Litterst CL, Liu MC, Miller S,
McMahon NA, Egglestone JC, Boyd MR. Profiles of
prostaglandin biosynthesis in normal lung and tumor tissuesin
lung cancer patients. Cancer Res 1998;58:3140-47

Rigas B, Goldman IS, Levine L. Altered eicosanoid levelsin
human colon cancer. JLab Clin Med 1993;122:518-23

Muller DK, Scholz K, MarksF, et al. Differential expression of
prostaglandin H synthase isozymes during multistage carcino-
genesisin mouse epidermis. Mol Carcinog 1995;12:31-4

Volume 5 Number 2, August 2004

24,

25.

26.

27.

28.

29.

30.

31.

Oshima M, Dinchuk JE, Kargman SL, et a. Suppression of
intestinal polyposis in APCD716 knockout mouse by
inhibition of cyclooxygenase-2 (COX-2). Cell 1996;87:803-09
Boolbol SK, Dannenberg AJ, Chadbum A, et al.
Cyclo-oxygenase-2 over expression and tumor formation are
blocked by sullindac in murine model of familial adenomatous
polyposis. Cancer Res 1996;56:2556-60

Japanese Gastric Cancer Association. Japanese Classification
of gastric carcinoma. 2" Engl ed. Gastric Cancer 1998;1:10-24
Adachi Y, Yasuda K, InomataM, Sato K, Shiraishi N, Kitano S.
Pathology and prognosis of gastric carcinoma, well versus poorly
differentiated type. Cancer 2000;89:1418-24

Ohno R, YoshinagaK, FujitaT, HasegawaK, Iseki H, Tsunizaki
H, IchikawaW, Nihei Z, SugiharaK. Depth of invasion parallels
increased cyclooxygenase-2 levels in patients with gastric
carcinoma. Cancer 2001;91:1876-81

MurataH, Kawano S, Tsuji S, Tsuji M, SawaokaH, Kimura,
Shiozaki H, Hori M. Cyclooxygwnase over expression enhances
lymphatic invasion and metastasisin human gastric carcinoma.
Am J Gastroenterol 1999;94:451-55

The EOROGAST study group. An international association
between Helicobacter pylori infection and gastric cancer. Lancet
1993;341:1359-62

Sung JJY, Leung WK, Go MY, To KF, Cheng ASL, Ng EKW,
Chan FKL. Cyclooxygenase-2 Expression in Helicobacter
pylori associated premalignant and malignant gastric lesions.
Am J Pathol 2000;157:729-35

47



