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Abstract
Recent studies have suggested that K-ras play an important role in the induction of COX-2 expression in tumor cells. In the
present study, tumor samples of 89 gastric cancer patients were prepared in tissue microarrays and they were stained by
immunohistochemistry with antibodies against COX-2 and K-ras. We investigated the relationship between the protein
expressions of COX-2 and K-ras in gastric cancer and their significance as prognostic markers in gastric cancer patients.
The over expression rate of COX-2 and K-ras in gastric cancer was 61.8% and 61.8% (55/89) of all the patients,
respectively. There was a significant positive correlation between COX-2 and K-ras expression in gastric cancer. COX-2 and
K-ras positivity were correlated with depth of invasion and lymph node metastasis, respectively. K-ras positivity was
correlated with growth pattern. Patients with COX-2 and K-ras positive tumors had a poorer prognosis than those with
COX-2 and K-ras negative tumors. Over expression of COX-2 and K-ras were closely correlated to prognostic of patients
with gastric cancer and they educed synergistic effect with carcinogenesis and development in gastric cancer.

Cyclooxygenase-2 (COX-2) is known to be induced

by fibroblasts, endothelial cells, monocytes, cyto-

kines and some tumor types in response to growth

factors [1], and was speculated to be associated with

the H-ras gene [2]. The ras-transfected mammary

epithelial cells show increased levels of both COX-2

mRNA and protein [3]. Ras mutations are found in a

wide variety of human malignancies and in �/50% of

colorectal carcinomas, and are associated with the

progression of human malignancies [4]. Such an

association has also been suggested for COX-2 [5,6].

Moreover, recent studies have suggested that COX-2

expression was strongly correlated with K-ras gene

mutation in tumor cells [7�10]. These findings

prompted us to investigate the relationship between

K-ras and COX-2 expression in human gastric

cancer. In the present study, we investigated and

analyzed COX-2 and K-ras expression, and the

relationship between K-ras and COX-2 expression

and prognosis of gastric cancer. The expression of

K-ras and COX-2 was analyzed by tissue micro-

arrays in the resected gastric cancer.

Materials and methods

Patients and tissue specimens

A total of 89 formalin-fixed paraffin-embedded

primary gastric cancer specimens were obtained

from Department of Pathology at the Lanzhou

Medical College. The specimens were from patients

who underwent gastrectomy for gastric cancer be-

tween 1987 and 2001. All of patients operated on

had a D2 resection. The patients consisted of 68

men and 21 women, ranging in age from 22 to 70

years of age (median, 51years). None of the patients

received chemotherapy or radiotherapy before the

operation. All of the resected tumor specimens were

formalin fixed, sectioned consecutively, and stained

with hematoxylin and eosin for microscopic exam-

ination. Clinicopathologic data including sex, age,

histologic type and degree of differentiation, depth of

invasion, growth pattern and presence of regional

lymph node metastasis. Lymph node metastasis was

defined as positive when its number exceeded one.

Survival data were collected retrospectively. The
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median follow-up period of the patients was 48

months (range, 1 � 224 months).

Tissue microarray construction and

immunohistochemistry

For the construction of tissue microarrays, morpho-

logically representative tumor areas regions for

sampling were carefully selected and marked on

the hematoxylin eosin slide. Thirty-six holes in a

recipient block were created by using thin-walled

stainless biopsy needle. The cylindrical core tissue

samples 2.0 mm in diameter were retrieved from the

selected region in the donor blocks and extruded

directly into the recipient block with a solid stylet.

The specimens were sampled with two core samples

of the tumor. Sections of the resulting tumor tissue

microarray block 4 mm thick were transferred to

poly-L-lysine coated glass slides (Figure 1).

For immunohistochemical study of COX-2 and

K-ras expression in the tumor tissue, the sections

were deparaffinized in xylene three times for 5 min

each, descending alcohols for rehydration and then

washed in distilled water. To enhance antigen

retrieval, the sections were pretreated in a microwave

oven for 5 min in 0.01 mol/l citrate buffer pH 6.0

and then cooled to room temperature. Thereafter,

sections were blocked for endogenous peroxidase

(SPkit, Maxin Biotech Inc) and incubated overnight

at 48C with primary antibodies(COX-2: rabbit

polyclonal antibody, dilution 1:50, Santa Cruz; K-

ras: rabbit polyclonal antibody, BAO282, Boster

Biotech Inc). Then the sections were sequentially

incubated with biotinylated secondary antibodies for

20 min at 378C, and incubated with streptavidin�
biotin-peroxidase for 20 min at 378C. The perox-

idase reaction was visualized by staining with 0.05%

diaminobenzidine chromogen supplemented with

0.2% hydrogen peroxidase in PBS. Finally, the

sections were counterstained with hematoxylin stain-

ing. Positive and negative controls were used for each

set of experiments. Sections which had been con-

firmed to express COX-2 were used as positive

controls. Negative control for every experiment was

done by replacing the primary antibodies with PBS.

Immunohistochemical assessment

Tissue microarray slides were assessed under the

light microscopy with the investigators unaware of

the clinicopathologic variables. For COX-2 and K-

ras, the percentage of target cells with cytoplasmic

staining was recorded. Staining for COX-2 and K-

ras was graded as described previously [11]: grade 0

(negative), grade 1 (B/5% tumor cells showed

immunoreactivity), grade 2 (5 � 30% positive tumor

cells) and grade 3 (�/30% positive tumor cells).

COX-2 and K-ras overexpression was defined as

tumors with exceed grade 2 expression level. Necro-

tic areas were not taken into consideration.

Statistical analysis

Statistical analysis was performed with SPSS11.0

and a x2-square test was used to analyze the relation

between pathologic characteristics and immunohis-

tochemical expression. Survivial curves were esti-

mated by Kaplan-Meier method, and differences in

survival were evaluated by log-rank test. The influ-

ence of each variable on survival was assessed by the

Cox’s proportional hazard model. Spearman was

used to analyze correlation between COX-2 and

K-ras expression in gastric cancers. A P value of less

than 0.05 was accepted as significant.

Results

Expression of COX-2 and K-ras with relation to

pathology

The expression of COX-2 and K-ras was primarily

cytoplasmic in tumor cells of the gastric cancer

(Figure 2). The rate of COX-2 and K-ras expression

were observed in 61.8% and 61.8% of 89 patients

respectively. There was a significant positive corre-

lation between COX-2 and K-ras expression

(P�/0.00)(Table I). Table II shows the relationship

between pathologic parameters and the expression of

COX-2 and K-ras.

The relationship between COX-2, K-ras expression and

the survival of patients with gastric cancer

The prognosis of the 89 patients who underwent

curative resection was studied. The Kaplan-Meier

plots revealed that the prognosis of the patients with

COX-2 positive tumors to be worse than that of

those with negative tumors (P�/0.0153), and theFigure 1. Picture of gastric cancer tissue microarray section
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prognosis of the patients with K-ras positive tumors

to be worse than that of those with negative tumors,

but lacked in statistical significance (P�/0.0825)

(Figure 3).

We compared these data in univariate and multi-

variate settings. Univariate analysis indicated that

depth of invasion, lymph node metastasis, sex and

COX-2 expression were correlated to patients survi-

val with gastric cancer. Multivariate Cox regression

analysis for cancer-specific survival indicated that

depth of invasion, lymph node metastasis, and sex

were significant prognostic factors when all covariates

were included in the analysis (Tables III and IV).

Discussion

Cyclooxygenase-2 is known to be induced by cyto-

kines or growth factors [1]. We were interested

whether the COX-2 over expression in gastric cancer

cells may be induced by specific genetic factors.

COX-2 and K-ras gene are associated with the

progression of human malignancies [3,4], therefore,

we investigated the relationship between K-ras and

COX-2 expression in gastric cancer. Tissue micro-

array is an innovative tool in the research of

prognostic markers, but there have been few reports

on COX-2 and K-ras expression by tissue micro-

array.

In this study, tissue microarray was applied to

evaluate the prognostic role of COX-2 and K-ras in

patients with gastric cancer. The percentages of

expression of COX-2 and K-ras were 61.8% and

61.8%, respectively, in the whole study population.

These results were comparable with those of other

studies of gastric cancer [12�14]. Numerous studies

indicate that cyclooxygenase activity and prostaglan-

din synthesis may be involved in promoting intestinal

carcinogenesis. COX-2 expression may contribute to

the synthesis of prostanoids, which have been related

to carcinogenesis and tumor progression. The in-

creased expression of COX-2 has been implicated in

the development and progression of colorectal can-

cer [9,15].

The depth of invasion and lymph node metastasis

were reported to be the most important prognostic

parameters in gastric carcinoma [16]. The studies

have found that over expression of COX-2 protein is

associated significantly with lymph node metastasis

[17] and depth of invasion [18]. Lee et al. [19] have

reported that COX-2 over expression was associated

with tumor invasion beyond submucosa. In this

study, COX-2 positive rate was significantly higher

(P B/0.05) in patients with serosa invasion than

mucosa/submucosa invasion. Such results had also

been observed for K-ras. Moreover, K-ras positive

rate was significantly higher (P B/0.01) in patients

with infiltrating type growth than swell type growth.

Significantly higher expression of K-ras was also

observed in patients with lymph node metastasis

than in those without (P B/0.05). The results suggest

that COX-2 and K-ras might enhance the progres-

sion and the metastatic potential of gastric cancer,

and suppression of COX-2 and K-ras might be

helpful in inhibiting tumor growth and invasion.

Although the precise role of COX-2 in Ras

transformation is not understood completely, the

induction of COX-2 by activation of Ras is well

documented [2,7�10,20]. We found that there was a

significant positive correlation between COX-2 and

K-ras expression in gastric cancer (P�/0.00), thus

suggesting that K-ras may induce COX-2 in the

gastric cancer cells. Taylor et al. [8] have shown that

an activated K-ras oncogene leads to an up-regula-

tion of COX-2 expression in human adenocarcinoma

Table I. Relationship between COX-2 expression and K-ras

expression

K-ras

COX-2 n �/(%) �/(%) P -value

�/ 55 41(74.5) 14(25.5) 0.00

�/ 34 14(41.2) 20(58.8)

Figure 2. (A) The expression of COX-2 protein in gastric cancer

400�/, (B) The expression of K-ras in gastric cancer 200�/
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cells, suggesting that COX-2 is an important Ras

target gene. From this point of view, and from the

present study data, it seems likely that COX-2

expression is augmented by K-ras gene mutation.

The K-ras gene may be a specific genetic factor for

the induction of COX-2.

With regard to prognosis, Lee et al. [19] found

there was a trend favoring better survival in gastric

cancers without COX-2 over expression. In our

series, patients with COX-2 positive tumors had a

Table II. Correlation between clinicopathologic and expression of COX-2, K-ras

Expression of Cox-2 Expression of K-ras

Pathologic characteristics n Positive (%) P -value Positive (%) P -value

Age(yr)

B/51 44 24(54.5) 0.93 24(54.5) 0.16

]/51 45 31(68.9) 31(68.9)

Sex

male 68 43(63.2) 0.60 43(63.2) 0.62

female 21 12(57.1) 12(57.1)

Depth of invasion

mucosa/submucosa 22 8(36.4) 0.02 8(36.4) 0.02

partial musculature 23 16(69.6) 17(73.9)

serosa 44 31(70.5) 30(68.2)

Growth pattern

swell type 39 20(51.3) 0.07 17(43.6) 0.00

infiltrating type 50 35(70.0) 38(76.0)

Histologic type

differentiated 25 18(72.0) 0.42 20(80.0) 0.09

medium differentiated 16 10(62.5) 9(56.3)

poorly differentiated 48 27(56.3) 26(54.2)

Lymph node metastasis

positive 50 38(76.0) 0.00 36(72.0) 0.03

Negative 39 17(43.6) 19(48.7)

Table III. Univariate survival analysis of gastric cancers perfomed

with Cox regression model

Variable P -value R

Depth of invasion 0.0003 0.1434

Histologic type 0.2803 0.0000

Sex 0.0376 0.0657

Age(yr) 0.3566 0.0000

Growth pattern 0.1849 0.0000

Lymph node metastasis 0.0005 0.1360

COX-2 expression 0.0387 0.0650

K-ras expression 0.3468 0.0000

Table IV. Multivariate survival analysis of gastric cancers

perfomed with Cox regression model

Variable P -value R

Depth of invasion 0.0081 0.0965

Sex 0.0245 0.0754

Lymph node metastasis 0.0158 0.0843

Figure 3. Kaplan-Meier’s survival curves. (A) The overall survival

of gastric cancer patients with relation to COX-2 expression (log-

rank test, P�/0.0153) (B) The overall survival of gastric cancer

patientswith ralation to K-ras expression (log-rank test, P�/0.0825)
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poorer prognosis than those with COX-2 negative

tumors (P�/0.0153), and the prognosis of the

patients and K-ras positive expression did not

show statistical significance (P�/0.0825). The re-

sults suggest that the presence of COX-2 expres-

sion, as well as conventional clinicopathologic

factors, are prognostic indicators in patients with

gastric carcinoma. Inhibition of COX-2 activity has

an possible therapeutic benefit in the control of

gastric carcinoma [21,22]. Several studies have

demonstrated that nonsteroical anti-inflammatory

drugs (NSAIDs) or selective COX-2 inhibitors

(for example SC-58125) could decrease cell gro-

wth in vitro and in vivo assays in cells expressing

COX-2 [6].

Sheehan et al. [23] have reported that Dukes’

stage and number of metastatic lymph nodes re-

mained as independent prognostic factors. We stu-

died the effects of variables presumably associated

with prognosis by multivariate analysis using the Cox

model. As a result, the depth of invasion, lymph

node metastasis and sex were independent prognos-

tic factors. Sex may be interpreted as an independent

prognostic factor of gastric carcinoma, however, it

needs further study, for there are no similar findings

reported.

To recapitulate, our results showed that the over

expression of COX-2 was related to survival of the

gastric cancer patients. COX-2 expression could not

be an independent prognosticator. The significant

positive correlation between COX-2 and K-ras

expression in gastric cancer suggested that they

play important synergism role in the oncogenesis

and development of the gastric cancer.
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