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Cyclooxygenase-2 polymorphisms and the risk of gastric cancer
in various degrees of relationship in the Chinese Han population
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Abstract. A number of studies have shown that cyclooxy-
genase-2 (COX-2) gene polymorphisms were associated with
gastric cancer. However, the results from different research
groups have not been consistent. The present study aimed to
investigate the association between polymorphisms of the
cyclooxygenase-2 promoter region (-1195G>A, -765G>C)
and gastric cancer patients with various degrees of relation-
ship in the Chinese Han population. COX-2-1195G>A and
COX-2-7165G>C polymorphisms in 296 gastric cancer patients
and 319 control family members were genotyped using
polymerase chain reaction-restriction fragment length poly-
morphism. An increased risk of gastric cancer was observed
in subjects with the COX-2-1195AA genotype (OR=2.03;
95% CI, 1.27-3.22), and the association strength decreased as
the degree of relationship decreased. Stratification analysis
revealed that the OR value of COX-2-1195AA genotype
and A carriers exhibited synergy with Helicobacter pylori
(H. pylori) infection (AA genotype: OR=2.96; 95% CI, 1.57-
5.58; A carriers: OR=2.04; 95% CI, 1.18-3.52). No significant
difference was found in each genotype of COX-2-765G>C
between gastric cancer patients and control family members,
as well as gastric cancer patients with various degrees of
relationship. Our study demonstrated that the polymorphism
of COX-2-1195AA genotype may be a risk factor for gastric
cancer patients with various degrees of relationship among
the Chinese Han population. H. pylori infection therefore
may enhance the risk of gastric cancer in individuals with the
COX-2-1195 AA genotype.

Correspondence to: Dr Kaijuan Wang and Dr Jianying Zhang,
Department of Epidemiology, College of Public Health, Zhengzhou
University, No. 100 Science Ave, Zhengzhou, Henan 450001,
P.R. China

E-mail: kjwang@163.com; jianyingzhang@hotmail.com

Key words: cyclooxygenase-2, polymorphism, relative degree, gastric
cancer

Introduction

Gastric cancer occurs with a variable geographic distribu-
tion worldwide, and the incidence is high in China (1).
Helicobacter pylori (H. pylori) infection is an established
risk factor in gastric cancer, triggering chronic inflammation
of the stomach and leading to stepwise development of the
malignancy (2,3). However, a number of previous studies
have demonstrated that H. pylori is involved in gastric cancer
tumorigenesis in a small proportion of individuals infected
with the organism, indicating that individual genetic suscep-
tibility may also play a critical role in gastric cancer (4).
Subsequent studies further indicated that single nucleotide
polymorphism (SNP) may have an effect on gastric tumori-
genesis (5). Determinants of the host response to H. pylori
infection continue to focus on polymorphisms in genes related
to innate and acquired immune responses, including 7LR-4,
NOD?2 and COX-2 (5-7).

Cyclooxygenase-2 (COX-2) is known as an inducible
enzyme that catalyzes conversion of arachidonic acid to
prostaglandins in response to various inflammatory stimuli
(8). Progression from initial gastric lesions to gastric cancer
has been correlated with COX-2 over-expression, providing
evidence that its activity may be involved in the onset of
gastric carcinogenesis (9). Previous studies demonstrated that
COX-2 is also associated with proliferation and apoptosis
markers and that it is an independent prognostic factor in
gastric cancer (10). At present, 2 polymorphisms in COX-2
have been reported, which are G>A and G>C base transi-
tions, at positions -1195(rs689466) and -765(rs20417) base
pairs (bp) from the transcriptional start site. The promoter
region polymorphic variant of -1195G>A and -765G>C has
been demonstrated to have a functional effect on COX-2 tran-
scription (11,12), which may cause gastric cancer. Although
a number of studies have been carried out to examine the
manner in which the two SNPs increase the risk of developing
gastric cancer, the results from various groups have not been
consistent (13-15).

In the current literature, few studies have examined the
role of COX-2 polymorphisms in gastric cancer using gastric
cancer case and control family members from the Chinese
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Han population. The current study was performed to evaluate
the manner in which the COX-2 polymorphisms and H. pylori
infection synergistically increased the risk of gastric cancer
patients with various degrees of relationship in the Chinese
Han population.

Materials and methods

Study population. A total of 296 subjects from 90 gastric
cancer case families, and 319 subjects from 90 control fami-
lies were included. The individuals in this study were selected
from four villages of two counties in the Henan Province of
China. Samples were obtained through cluster sampling in
this highly cancer-prevalent area following a previous cancer
screening. The gastric cancer patient samples were collected
from these four villages between August 2003 and March
2007, including samples obtained from patients who had
suffered from non-cardiac adenocarcinoma of the stomach
during the five years prior to the screening. The patients
were histopathologically diagnosed, and were considered as
the probands. Their first- and second-degree relatives were
further investigated. The control families were selected to
correspond to the number of case family members and the age
of the probands (5 years), gender and address. Controls were
healthy community-based individuals without any similar
digestive diseases and had no marital ties with the case
family. Subjects in this study provided informed consent prior
to participating in the study, and the private data were kept as
coded data.

DNA extraction. Blood samples were collected from the
subjects and DNA was extracted using the salting-out proce-
dure and stored in a -80°C freezer for subsequent studies.

Genotyping analysis. The COX-2-1195G>A and -765G>C
polymorphisms were genotyped using polymerase chain
reaction-restriction fragment length polymorphism. Primers
were designed and synthesized by Beijing SBS Genetech Co.,
Ltd. The sequences were as follows: COX-2-1195G>A:
5-CCCTGAGCACTACCCATGAT-3' (forward) and 5'-GCC
CTTCATAGGAGATACTGG-3' (reverse). COX-2-765G>C:
S"“TATTATGAGGAGAATTTACCTTTCGC-3' (forward) and
5-GCTAAGTTGCTTTCAACAGAAGAAAT-3"'  (reverse).
Thermo cycling conditions of PCR were: COX-2-1195G>A:
95°C for 5 min, 35 cycles of 95°C for 30 sec, 54°C for 40 sec,
72 °C for 45 sec and finally 72°C for 10 min; COX-2-765G>C:
95°C for 5 min, 35 cycles of 95°C s for 30 sec, 55.5°C for
40 sec, 72°C for 45 sec and finally 72°C for 10 min. The PCR
products were digested with restriction enzymes Pvull
(Takara Biotechnology Co., Ltd.) at 37°C overnight for anal-
ysis of COX-2-1195G>A and with Hhal (Takara Biotechnology
Co., Ltd.) for -765G>C. The digested products were separated
using 3% agarose gel electrophoresis, stained with ethidium
bromide and visualized under ultraviolet light. Subsequently,
an altered pattern of bands was observed: a single band of
273 bp indicated that COX-2-1195A/A was not digested; three
bands of 273, 220 and 53 bp indicated that G/A was only
partially digested; two bands of 220 and 53 bp indicated that
G/G was completely digested (Fig. 1). Analogically, COX-2-
765C/C appeared as a single band of 100 bp; G/C, three bands
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Figure 1. Three genotypes of the COX-2-1195 gene. The results indicated
that three genotypes exist in the COX-2-1195 gene following digestion with
the restriction enzyme Pvull. (M) Marker; (1) a single band of 273 bp that
represented the A/A genotype; (2) three bands of 273, 220 and 53 bp that
represented the G/A genotype, and (3) two bands of 220 and 53bp that repre-
sented the G/G genotype.

of 100, 75 and 25 bp, and G/G, two bands of 75 and 25 bp
(Fig. 2). The 25-bp fragment was not distinguishable from the
primer-dimer band in the agarose gel. Each type of PCR
product was sequenced to ascertain the genotype. Finally,
10% of the specimens were genotyped in duplicate using the
same assay and the results were 100% concordant.

H. pylori status analysis. The H. pylori immunoglobulin G
antibody was determined on the serum specimens of
all case and control family members using ELISA. The
relevant reagents were provided by the National Institute
for Communicable Disease Control and Prevention of the
Chinese Center for Disease Control and Prevention.

Statistical analysis. The Hardy-Weinberg equilibrium equa-
tion was used to determine whether the proportion of each
genotype obtained was in agreement with the expected values
as calculated from allele frequencies. The Chi-square test
was used to examine the differences in demographic vari-
ables. Mean ages of case and control family members were
compared using the t-test. Unconditional logistic regression
analysis was used to estimate the odds ratio (OR) and its
95% confidence interval (CI) as a measure of the association
between the genotype carrier and risk of gastric cancer. The
interaction between H. pylori infection and polymorphisms
of COX-2 was analyzed using stratification analysis. P-values
were two-sided, and P<0.05 was considered as statistically
significant. Data analysis was performed by Statistical
Product and Service Solutions software (Version 15.0, SPSS,
Inc., Chicago, IL, USA) unless otherwise specified.
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Figure 2. Three genotypes of the COX-2-765 gene. The results indicated
that three genotypes exist in the COX-2-765 gene following digestion with
restriction enzymes Hhal. (M) Marker, (1) a single band of 100 bp that
represented the C/C genotype, (2) three bands of 100, 75, and 25bp that rep-
resented the G/C genotype, (3) two bands of 75 and 25 bp represented the
G/G genotype. The 25-bp fragment was not distinguishable from the primer-
dimer band in the agarose gel.

Results

Demographic characteristics. The demographic distribu-
tion of case family members and healthy controls is shown
in Table I. The mean age of the gastric cancer case families
was 44.0+£16.6 years [mean + standard deviation (SD)] and
the controls was 44.3+15.9 years (mean + SD, P=0.81), indi-
cating that there was no difference between the two groups.
Males comprised 42.9% of case family members compared
with 43.6% among controls (P=0.87). Regarding H. pylori
infection, there was a significant difference between the case
family groups and the controls (72.3% versus 62.7%; P=0.01).
With regard to familial history of gastric cancer, case groups
exhibited a higher freqeuncy than the controls (19.6% versus
5.3%; P<0.01).

Genotype frequencies and gastric cancer risk. The genotype
distribution and allele frequencies of COX-2 polymorphisms
in gastric cancer case and control families are shown in
Table II. The genotype distribution of COX-2-1195G>A and
-765G>C in the case and control family members did not
significantly deviate from the expected Hardy-Weinberg
equilibrium (P>0.05). For COX-2-1195G>A, the frequen-
cies of GG, GA and AA genotypes were 17.9, 49 and 33.1%
in the case family group and 25.1, 52.0 and 22.9% in the
control group, respectively. Compared with the frequency
of the GG genotype, an association was found between the
COX-2-1195AA genotype and the risk of gastric cancer
(AA genotype: OR = 2.03; 95% CI, 1.27-3.22). A statistical
difference was observed between the A carrier and A allele
frequencies among the case and control family members
(A carriers: OR = 1.55; 95% CI, 1.02-2.28; A allele: OR =
1.42; 95% CI, 1.09-1.81). With regard to COX-2-765G>C,
the frequencies of GG, GC and CC genotypes in the case
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Table I. Selected characteristic distribution in case and control
family group.

Case family  Control family

Variables group (%) group (%)  P-value
(n=296) (n=319)
Mean age (SD) 44.0 (16.6) 443 (15.9) 0.81
Sex
Male 127 (42.9) 139 (43.6) 0.87
Female 169 (57.1) 180 (56.4)
H. pylori
Yes 214 (72.3) 200 (62.7) 0.01*
No 82 (27.7) 119 (37.3)
Family carcinomas
Yes 58 (19.6) 17 (5.3) <0.01*
No 238 (80.4) 302 (94.7)

P, P-value; SD, standard deviation. H. pylori, helicobacter pylori.
*Significant difference between study and control group (P<0.05).

and control family group were 81.4, 17.9 and 0.7%, and
86.2, 13.5 and 0.3%, respectively. Due to the low occurrence
(<1%) of the CC genotype, heterozygous and homozygous
variants were combined for the analysis (C carriers: G/C
+ C/C). Compared with the GG homozygous variant or
G allele, C carriers or C allele were not shown to be statisti-
cally different between the two groups (C carriers: OR=1.44;
95% CI, 0.91-2.23; C allele: OR = 1.45; 95% CI, 0. 92-2.25).

Genotype distribution of COX-2-1195G>A and -765G>C
between various degrees of relationship. As shown in
Table III, the genotype distribution of COX-2-1195G>A and
-765G>C in different relative grades between the case and
control family members was further examined. Since the
spouse had no genetic affinity with the host of the family,
the spouse was disregarded while analyzing the gastric
cancer genetic susceptibility. The OR value of COX-2-1195
AA genotype in the first-degree relatives (OR=3.35;
95% CI, 1.69-6.12) was higher than that in the second-
degree relatives (OR=2.66; 95% CI, 1.06-6.82). Similarly,
the OR values of A carriers (GA + AA) and A allele exhib-
ited a diminished trend from closer degrees of relationship
(A carriers: first-degree relatives: OR=2.11; 95% CI, 1.19-
3.67; second-degree relatives: OR=1.98; 95% CI, 0.89-4.63;
A allele: first-degree relatives: OR=1.77; 95% CI, 1.29-2.41;
second-degree relatives: OR=1.69; 95% CI, 0.99-2.68).
Compared with the GG genotype, the mutant genotype
distribution of -765G>C was not correlated with gastric
cancer in the first- or second-degree relatives, due to the fact
that the OR values included 1.00 (C carriers: first-degree
relatives: OR=1.62; 95% CI, 0.89-2.87; second-degree rela-
tives: OR=1.35; 95% CI, 0.54-3.22).

The interaction of COX-2-1195G>A polymorphism and
H. pylori infection status. As COX-2-1195G>A and H. pylori
were involved in gastric cancer, the interaction between this
functional SNP and H. pylori infection status was examined
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Table II. Genotype distribution of COX-2-1195G>A and -765G>C in case and control family groups.

Case family group Control family group
Locus genotype (%) (%) OR (95% CI)
(n=296) (n=319)
COX-2-1195
G/G 53(17.9) 80 (25.1) 10
G/A 145 (49.0) 166 (52.0) 1.32 (0.86-2.01)
A/A 98 (33.1) 73 (22.9) 2.03 (1.27-3.22)
A carriers 243 (82.1) 239 (74.9) 1.55 (1.02-2.28)*
G allele 251 (42.4) 326 (51.1) 10
A allele 341 (57.6) 312 (48.9) 1.42 (1.09-1.81)
COX-2-765
G/G 241 (81.4) 275 (86.2) 10
G/C 53(17.9) 43 (13.5) 141 (0.91-2.20)
C/C 2(0.70) 1(0.30) 2.28 (0.20-25.38)
C carriers 55 (18.6) 44 (13.8) 1.44 (091-2.23)
G allele 535(904) 593 (92.9) 10
C allele 57 (9.60) 45 (7.10) 1.45 (0.92-2.25)

*Significant difference between study and control group (P<0.05). CI, confidence interval.

Table III. Genotype distribution of COX-2-1195G>A and -765G>C between various degrees of relationship (disregarding spouse).

First-degree relatives Second-degree relatives

Genotype Case families  Control families OR (95% CI) Cases families  Control families OR (95% CI)
(n=173) (n=190) (n=71) n=77)
COX-2-1195
G/G 24 (13.9) 48 (25.3) 1.0 10 (14.1) 19 (24.7) 1.0
G/A 84 (48.6) 102 (53.7) 1.66 (0.91-3.01) 30 (42.3) 36 (46.8) 1.58 (0.65-3.87)
A/A 65 (37.6) 40 (21.1) 3.35 (1.69-6.12) 31 (43.7) 22 (28.6) 2.66 (1.06-6.82)
A carriers 149 (86.1) 142 (74.7) 2.11 (1.19-3.67)* 61 (85.9) 58 (75.3) 1.98 (0.89-4.63)
G allele 132 (38.2) 198 (52.1) 1.0 50 (35.2) 74 (48.1) 1.0
A allele 214 (61.8) 182 (47.9) 1.77 (1.29-2.41)* 92 (64.8) 80 (51.9) 1.69 (0.99-2.68)
COX-2-765
G/G 139 (80.3) 165 (86.8) 1.0 58 (81.7) 66 (85.7) 1.0
C carriers 34 (19.7) 25(13.2) 1.62 (0.89-2.87) 13 (18.3) 11 (14.3) 1.35 (0.54-3.22)

“Significant difference between study and control group (P<0.05). CI, confidence interval.

using stratified analysis (Table IV). Taking H. pylori-sero-
negative AA genotype and A carriers together as a
reference, H. pylori-seropositive COX-2-1195 AA genotype
and A carriers exhibited significantly increased susceptibility
to gastric cancer (AA genotype: OR=2.96; 95% CI, 1.57-5.58,;
A carriers: OR=2.04; 95% CI, 1.18-3.52).

Discussion

On the basis of genotyping 296 gastric cancer case family
members and 319 control family members in the Chinese Han
population, the COX-2-1195AA genotype was found to be
associated with an increased risk of gastric cancer (OR=2.03;

95% CI, 1.27-3.22). The results from our study were consistent
with those obtained by Tan ef al, Shi et al and Coskunpinar
et al (16-18), which indicated that the COX-2-1195A A geno-
type was associated with advanced colorectal cancer, asthma
and lung carcinoma, respectively. However, Peters er al (19)
reported that there was no significant difference in the geno-
type distribution of COX-2-1195A>G polymorphism between
patients and controls in the risk of head and neck cancer in
Caucasian individuals. We have traced the various factors
contributing to the contradictory results and found that there
were two major reasons for this inconsistency. One reason is
that the subjects used in the above studies were selected from
different cancer categories. Another reason may be that the
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Table I'V. The interaction of COX-2-1195G>A polymorphism and H. pylori infection status.
Case family Control family
H. pylori status Genotype group (n=296) group (n=319) OR (95% CI)
(%) (%)
COX-2-1195
Negative GG 29 (9.8) 39 (12.2) 1.0
GA 26 (8.8) 48 (15.0) 0.73 (0.37-1.43)
AA 27 (9.1) 32 (10.0) 1.14 (0.56-2.29)
A carriers 53 (17.9) 80 (25.1) 0.89 (0.49-1.61)
Positive GG 24 (8.10) 41 (12.9) 1.0
GA 119 (40.2) 118 (37.0) 1.72 (0.98-3.03)
AA 71 (24.0) 41 (12.9) 2.96 (1.57-5.58)*
A carriers 190 (64.2) 159 (49.8) 2.04 (1.18-3.52)*

“Significant difference between study and control group (P<0.05). CI, confidence interval.

frequency of the COX-2-1195 genotype varies between popu-
lations. Our comparative study of the genotype distribution
of COX-2-1195 polymorphism has demonstrated the clear
differences between the Chinese and Caucasian populations.
Frequencies of 25.1, 52.0 and 22.9% for 1195GG, 1195GA,
and 1195AA genotypes were found in the Chinese control
group, whereas corresponding frequencies of 3, 37 and 59%
were found in Caucasian controls.

Another finding of note in the present study is that the
COX-2-1195 AA genotype exhibited a positive correla-
tion with the risk of gastric cancer, and the OR value in the
first-degree relatives was higher than that in the second (first-
degree relatives OR=3.35; 95% CI, 1.69-6.12; second-degree
relatives: OR=2.66; 95% CI, 1.06-6.82). It has been proposed
that gastric cancer has a familial genetic tendency, and the
risk may be reduced according to the decreasing degree of
relationship. These results have demonstrated that polymor-
phisms may play a significant role in the development of
gastric cancer. The COX-2-1195 A carriers and A allele exhibit
similar trends. However, the OR value of the second-degree
relatives had no statistical significance.

The COX-2-765G/C change appears to be functionally
relevant. However, COX-2-765G>/C polymorphism failed to
exhibit an association with gastric cancer in this study, and
there was no significant correlation between the first- and
second-degree relatives and COX-2-765 genotypes. This result
is consistent with that of Liu ef al (13) but differs from findings
of studies performed in the populations of The Netherlands
and India (14,15). In a study by Sitarz et al, COX-2-765G allele
promoter polymorphism was found to be significantly associ-
ated with gastric cancer in The Netherlands (14). However,
Saxena et al (15) reported that the frequency of the C carrier
has a significant association with gastric adenocarcinoma.
This inconsistent result may be due to the markedly different
allele frequencies of COX-2-765G/C. The frequencies of the
GG, GC and CC genotypes of COX-2-765G/C were 25.1, 52.0
and 22.9%, respectively, in the present study, whereas Sitarz
et al (14) reported the frequencies to be 59, 32 and 9%, respec-
tively, in The Netherlands. In the study by Saxena er al (15),
the Indian and Chinese distributions of 765GG, 765GC and

765CC genotypes were 71.0 versus 86.2%, 25.7 versus 13.5%
and 3.3 versus 0.3%, respectively. Differences in dietary habits
or environmental factors (smoking or consumption of alcohol)
may be another explanation for these observations. Studies are
required to examine the effect of COX-2-765G>C polymor-
phism on gastric cancer among various ethnic backgrounds.

H. pylori infection and polymorphism are regarded as
major pathogenic factors in gastric cancer development
(2). Interaction of COX-2-1195G>A and H. pylori infection
status between the case and control family groups was also
examined by stratification analysis. As a result, H. pylori-
seropositive COX-2-1195A A homozygote and A carriers may
exhibit increased susceptibility to gastric cancer (AA homo-
zygote: OR=2.96; 95% CI, 1.57-5.58; A carriers: OR=2.04;
95% (1, 1.18-3.52). This indicates that H. pylori infection and
polymorphism may have a synergistic effect. H. pylori infec-
tion-induced the COX-2 expression has been previously well
evaluated in gastric mucosa (20). H. pylori infection induces
up-regulated activation of inflammatory cytokines, which
may lead to further alteration of COX-2 expression (21,22).
The bacterial virulence factors located outside the H. pylori
cag Pathogenicity Island (cagPAI) activate MEK/ERK1/-2
signaling to mediate bacterial effects on the COX-2 promoter,
an effect that has also been observed in vitro (23). The above-
mentioned description may facilitate an explanation for the
manner in which H. pylori infection and COX-2-1195G>A
polymorphism have a combined effect on gastric cancer.
However, the exact mechanism underlying the development of
gastric cancer remains to be investigated.

In conclusion, this study has demonstrated that the COX-2-
1195A A genotype is a genetic susceptibility factor of gastric
cancer in various degrees of relationship in the Chinese Han
population. H. pylori infection may enhance the risk of gastric
cancer in individuals with the COX-2-1195AA genotype.
Further epidemiologic studies are required to determine the
interaction between pro-inflammatory genotypes, dietary
habits and exposure to environmental carcinogens.
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