
association with gastric adenocarcinoma as compared 
to NUD [77.4% vs  29%, P < 0.001, odds ratio (OR) 
8.20; 95% confidence interval (95% CI), 4.08-16.47] 
and PUD (77.4% vs  31.1%, P < 0.001; OR 8.04; 95% 
CI, 3.25-19.90). Risk of gastric adenocarcinoma was 
significantly higher in patients having C carrier with 
(OR 7.83; 95% CI 3.09-19.85) and without H pylori 
infection (OR 7.06; 95% CI, 2.61-19.09). Patients with 
C carrier and H pylori infection had significant risk for 
the development of PUD (P  < 0.001; OR 5.65; 95% CI, 
2.07-15.34). 

CONCLUSION: -765G > C COX-2  polymorphism 
with or without H pylori  could be a marker for genetic 
susceptibi l i ty to gastr ic adenocarcinoma. COX-2 
polymorphism in presence of H pylori  infection might be 
useful in predicting the risk of PUD.

© 2008 WJG. All rights reserved.
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INTRODUCTION
H pylori has been classified as a major cause of  chronic 
gastritis and peptic ulcer disease (PUD), as well as a risk 
factor for gastric adenocarcinoma and mucosa-associated 
lymphoid t issue (MALT) lymphoma[1-3]. Although 
there is a considerable high rate of  H pylori infection 
in Asian countries such as Japan, China, Thailand, 
Indonesia and India, there is a remarkable difference in 
incidence of  gastric cancer within these countries (Asian 
enigma)[4,5]. The annual incidence of  gastric cancer is 
disproportionately high in Japan and China in spite of  
a lower H pylori seropositivity[5]. In contrast, in India 
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Abstract
AIM: To investigate -765G > C COX-2  polymorphism 
and H py lor i  in fec t ion in pat ients w i th gast r i c 
adenocarcinoma, peptic ulcer disease (PUD) and non-
ulcer dyspepsia (NUD).

METHODS: We enrolled 348 adult patients (62 gastric 
adenocarcinoma, 45 PUD and 241 NUD) undergoing 
upper gastrointestinal endoscopy at two referral centers 
between September, 2002 and May, 2007. H pylori 
infection was diagnosed when any of the four tests 
(RUT, culture, histopathology and PCR) were positive. 
Genotyping for -765G > C polymorphism of COX-2  was 
performed by PCR-RFLP analysis.

RESULTS: Frequency of C carrier had significant 
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seropositivity of  H pylori is very high, but the annual 
incidence of  gastric cancer is low (Indian enigma)[5]. Even 
studies based on differences in H pylori virulence factors 
couldn't explain such contradictory findings[6]. This shows 
that H pylori may not be the sole factor, but may play a 
synergistic role with factors like diet and host genetic make 
up in gastric carcinogenesis[5]. 

The role of  host-related factors in the pathogenesis 
of  diseases caused by H pylori infection has largely been 
ignored[7,8]. Overexpression of  cyclooxygenase-2 (COX-2) 
has been observed in several forms of  cancer[9-16], includ-
ing gastric cancer and precancerous lesions[17-19]. COX, 
(also known as prostaglandin endoperoxide synthase) is a 
rate-limiting enzyme for the synthesis of  prostaglandins 
(PGs) from free arachidonic acid. Two isoforms of  COX 
have been identified; COX-1 is constitutively expressed in 
most normal tissues and considered to be a housekeep-
ing enzyme responsible for the maintenance of  vascular 
homeostasis and gastroprotection. In contrast, COX-2 
is the inducible isoform of  the enzyme and is rarely ex-
pressed in normal tissues, but it is rapidly induced by 
bacterial lipopolysaccharide (LPS), cytokines, growth fac-
tors, mitogens and tumor promoters[9,10]. Up-regulation of  
COX-2 plays an important role in the inhibition of  apop-
tosis, tumor growth, angiogenesis, invasion and metasta-
sis, which are considered to be important steps in cancer 
development[9,17,20,21]. Several polymorphisms in COX-2 
have been identified so far. However, only a few seemed 
to have a functional effect on the transcription. Recently, 
Papafili et al[22] described a new polymorphism in the pro-
moter region of  COX-2, characterized by a guanine (G) to 
cytosine (C) transition at position -765 (-765G > C). This 
polymorphism appears to disrupt a stimulatory protein 1 
(Sp1) binding site, which is considered to be a positive acti-
vator of  transcription and leads to a 30% reduction of  the 
COX-2 promoter activity in vitro[22]. Only a few studies have 
been published on COX-2 polymorphisms either in cancer 
or related diseases[23-29] or non-malignant diseases[30-32]. The 
aim of  the present study was to evaluate the role of  -765G 
> C COX-2 polymorphism and H pylori infection in pa-
tients with gastric adenocarcinoma and PUD.

MATERIALS AND METHODS
Patients
We studied 348 adult patients, including 62 with gastric 
adenocarcinoma, 45 PUD and 241 non ulcer dyspepsia 
(NUD), undergoing upper gastrointestinal endoscopy 
at two refer ral centers in northern India between 
September, 2002 and May, 2007. The diagnosis of  
gastroduodenal diseases was based on clinical, endoscopic 
and histopathological parameters. Patients with NUD were 
considered as disease control in our study. The Ethics 
Committee of  the institute granted approval for the study 
and consents were obtained from all the patients. Subjects 
who had received anti-microbial therapy, H2 receptor 
blockers, proton pump inhibitors and non-steroidal anti-
inflammatory drugs in the last 4 weeks before endoscopy 
or anti-H pylori treatment in the past were excluded from 
the study.

DNA extraction
Genomic DNA was isolated from gastric tissues using the 
QIAamp DNA mini kit (QIAGEN, Hilden, Germany) as 
per the manufacturer's instruction.

Diagnosis of H pylori infection
During each endoscopy, antral biopsies were obtained and 
subjected to the following tests: rapid urease test (RUT), 
culture, histopathology and H pylori specific ureA PCR 
following the standard protocol as described earlier[33].  
H pylori infection was diagnosed if  any of  the above tests 
was positive.

-765G > C COX-2 polymorphism
Analysis of  -765G > C COX-2 polymorphism was 
performed by PCR-based restriction fragment length 
polymorphism (PCR-RFLP) as previously described[30]. 
The sequences of  PCR primers were: forward 5'- 
ATTCTGGCCATCGCCGCTTC-3' and reverse 5'-CTCCT
TGTTTCTTGGAAAGAGACG-3' (Metabion, Martinsried, 
Deutschland). PCR conditions were as follows: an initial 
denaturation at 94℃ for 10 min, followed by 35 cycles of  
denaturing at 94℃ for 1 min, annealing at 59℃ for 1 min, 
and extension at 72℃ for 1 min. The final extension was 
continued at 72℃ for 10 min and cooling to 4℃. Template 
free water was used as negative control. After PCR 
amplification, PCR products were subjected to restriction 
digestion by Bsh 1236I restriction endonuclease (Fermentas, 
Vilnius, Lithuania) for 8 h at 37℃. The DNA fragments 
were then separated on 3% agarose gel electrophoresis. 
Fragments size of  134 and 23 bp indicated the presence of  
a wild type homozygous -765GG genotype, a single 157 bp 
fragment indicated the presence of  homozygous -765CC 
genotype and three fragments of  157, 134 and 23 bp 
indicated the presence of  heterozygous -765GC genotype 
(Figure 1). The 23 bp fragment cannot be distinguished 
from the primer-dimer band in the agarose gel. All the 
experiments were repeated twice for the confirmation of  
RFLP results.  

Statistical analysis
The data analysis was performed by SPSS software (Version 
12.0, SPSS, Chicago, IL, USA). H pylori status in relation 
to gastroduodenal diseases was analyzed using Chi-
square test. Multivariate logistic regression analyses were 

     1     2       3      4     5      6       7    8      9     10    11    12

157 bp
134 bp

Figure 1  PCR-RFLP analysis of -765 G > C COX-2 polymorphism. Lane 1: 50 bp 
DNA ladder; lane 2: PCR product (undigested); lane 3: Negative control; lanes 4 to 
6: Homozygous -765 CC genotype; lanes 7 to 9: Heterozygous-765 GC genotype; 
lanes 10 to 12: Homozygous -765 GG genotype.
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used to identify the independent risk factors for gastric 
adenocarcinoma and PUD. Gender and age were included 
in regression analysis, and assessment for interaction was 
considered in the model. A two-sided P value of  less than 
0.05 was considered significant. 

RESULTS
Patient characteristics
A total of  348 patients (mean age: 46.78 ± 15.96; 216 
male) were enrolled in the study and their distributions 
were gastric adenocarcinoma 62 (mean age: 56.60 ± 15.42; 
47 male), PUD 45 (mean age: 49.47 ± 17.22; 31 male) and 
NUD 241 (mean age: 43.75 ± 14.76; 138 male, Table 1).

Diagnosis of H pylori infection
Prevalence of  H pylori infection in our study population 
was 58.6%. H pylori infection was significantly higher in 
patients with PUD than with gastric adenocarcinoma (80% 
vs 56.5%, P = 0.01) and NUD (80% vs 55.2%, P = 0.002, 
Table 1).

-765G > C COX-2 polymorphism
All genotypic distributions were in Hardy-Weinberg 
equilibrium. The potential association of  -765G > C 
COX-2 polymorphism in patients with gastroduodenal 
diseases is shown in Table 2. The frequency of  the -765 
GG, GC and CC genotypes were 71%, 25.7% and 3.3%, 
in patients with NUD, 68.9%, 26.7% and 4.4% in patients 
with PUD and 22.6%, 46.8% and 30.6% in patients with 
gastric adenocarcinoma, respectively. The frequency 

of  C carrier was more common in patients with gastric 
adenocarcinoma as compared with NUD [77.4% vs 29%, 
P < 0.001, odds ratio (OR) 8.20; 95% confidence interval 
(95% CI), 4.08-16.47] and PUD (77.4% vs 31.1%, P < 0.001, 
OR 8.04; 95% CI, 3.25-19.90). However, the frequency 
of  C carrier in patients with PUD and NUD was similar 
(PUD vs NUD 31.1% vs 29%, P = 0.74; OR 1.13; 95% CI, 
0.56-2.27).

Interaction between H pylori infection and -765G > C 
COX-2 polymorphism 
We also examined the potential interaction between H pylori  
infection and -765G > C COX-2 polymorphism in the 
development of  gastric adenocarcinoma and PUD in our 
population. Presence of  C carrier with (P < 0.001, OR 7.83, 
95% CI, 3.09-19.85) and without H pylori infection (P < 0.001, 
OR 7.06, 95% CI, 2.61-19.09) was significantly associated 
with gastric adenocarcinoma (Table 3). We also found that 
patients with C carrier and H pylori infection had significant 
risk for the development of  PUD (P < 0.001, OR 5.65, 95% 
CI, 2.07-15.34; Table 4).

DISCUSSION
We investigated the potential association of  -765G > C 
COX-2 polymorphism and H pylori infection with gastric 
adenocarcinoma and PUD. We report for the first time that 
-765G > C COX-2 polymorphism with or without H pylori  
infection could be a marker for genetic susceptibility to 
gastric adenocarcinoma. To the best of  our knowledge, 
this is the first study to show that patients with C carriers 
of  COX-2 gene are susceptible to develop PUD in the 
presence of  H pylori infection. 

Table 1  Demography of the study populations and H pylori 
infection

Parameter Gastric 
adenocarcinoma

Peptic ulcer 
disease

Non-ulcer 
dyspepsia 

Overall

(n  = 62) (n  = 45) (n  = 241) (348)

Age (yr) 56.60 ± 15.42 49.47 ± 17.22 43.75 ± 14.76 46.78 ± 15.96
Male:Female 47:15 31:14 138:103 216:132
H pylori 
infection1 (%)

35 (56.5) 36 (80) 133 (55.2) 204 (58.6)

1Peptic ulcer disease vs non-ulcer dyspepsia: 80% vs 55.2%, P = 0.002; Gastric 
adenocarcinoma vs non-ulcer dyspepsia: 56.5% vs 55.2%, P = 0.858; Peptic 
ulcer disease vs gastric adenocarcinoma: 80% vs 56.5%, P = 0.01.

Table 2  Allelic distribution of COX-2  polymorphism in gastric 
adenocarcinoma, peptic ulcer disease and non-ulcer dyspepsia

COX-2 
genotype

Gastric 
adenocarcinoma

Peptic ulcer 
disease

Non-ulcer 
dyspepsia 

(n  = 62) (n  = 45) (n  = 241)

GG (%) 14 (22.6) 31 (68.9) 171 (71)
GC (%) 29 (46.8) 12 (26.7)      62 (25.7)
CC (%) 19 (30.6) 2 (4.4)      8 (3.3)
C carrier (%)1 48 (77.4) 14 (31.1)   70 (29)

1Gastric adenocarcinoma vs non-ulcer dyspepsia: P < 0.001; Gastric adeno-
carcinoma vs peptic ulcer disease: P < 0.001; Peptic ulcer disease vs non-ulcer 
dyspepsia: P = 0.74.

Table 3  H pylori  infection and COX-2  polymorphism as risk 
for gastric adenocarcinoma

H pylori
status

COX-2
genotype

Gastric 
adenocarcinoma

(n  = 62)

 Non-ulcer 
dyspepsia 
(Controls, 
n  = 241)

OR
(95% CI)

P -value

HP- GG   8 79 Referent
HP- C carriers 19 29   7.06 (2.61-19.09) < 0.001
HP+ GG   6 92 0.83 (0.26-2.59)    0.747
HP+ C carriers 29 41   7.83 (3.09-19.85) < 0.001

HP-: H pylori negative; HP+: H pylori positive. 

Table 4  H pylori  infection and COX-2  polymorphism as risk 
for peptic ulcer disease

H pylori
status

COX-2
genotype

Peptic 
ulcer 

disease
(n  = 45)

Non-ulcer 
dyspepsia
(Controls, 
n  = 241)

OR
(95% CI)

P -value

HP- GG   8 79 Referent
HP- C carriers   1 29 0.86 (0.09-7.48) 0.89
HP+ GG 23 92 2.83 (1.18-6.73)    0.019
HP+ C carriers 13 41   5.65 (2.07-15.34) < 0.001

HP-: H pylori negative; HP+: H pylori positive. 
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Genetic polymorphism is considered an important 
determinant for the development of  cancer. An associa-
tion between increased COX-2 gene expression and cancer 
including gastric adenocarcinoma has been reported[17-19]. 
A new polymorphism in the promoter region of  COX-2, 
characterized by a guanine (G) to cytosine (C) transition at 
position -765 (-765G > C) appears to disrupt Sp1 binding 
site, which reduces the COX-2 promoter activity to the ex-
tent of  30% in vitro [22]. An altered susceptibility to develop 
cancer due to the disruption in Sp1 binding site is attribut-
ed to this polymorphism (-765G > C) of  COX-2 gene[22,23]. 
The frequency of  this polymorphism seems to vary, 
especially among different ethnic populations (Table 5).  
C allele and C carriers have been frequently reported in the 
western populations than the Asians. Both C allele (16.2%) 
and C carriers (29%) in our control populations are more 
close to the West, but much higher than the other Asian 
countries[19,22- 24,27,30-32]. 

In our study, -765 C carriers were frequently present in 
gastric adenocarcinoma as compared to disease controls 
(Table 3). Patients with C carriers had 8.2-fold increased 
risk of  progression to gastric adenocarcinoma. Pereira et al  
reported nearly 3-fold increased risk of  progression to 
gastric adenocarcinoma in patients with atrophy or intestinal 
metaplasia carrying C allele[34]. Zhang et al also reported 
that patients with C carriers had 2.66-fold increased risk of  
gastric adenocarcinoma[35]. Recently, Guo et al described a 
2-fold increased risk of  esophageal squamous cell carcinoma 
due to the polymorphism in COX-2 gene[36]. It appears that 
the risk for the development of  gastric adenocarcinoma 
related to COX-2 polymorphism in our population is much 
higher than other published studies. Although the exact 
molecular mechanism by which COX-2 polymorphism may 
increase the risk of  gastric adenocarcinoma development 
is still unclear, studies in the COX-2 promoter revealed that 
COX-2 transcription is activated by E2 promoter binding 
factor 1 (E2F1)[37,38]. Hence, the ability of  this polymorphism 
to create an E2F binding site, essential for the expression of  
several genes may be the reason for the increased risk[30]. The 

contribution of  genetic polymorphism to the risk of  gastric 
adenocarcinoma may depend on the study population as well 
as on several environmental and dietary factors. Therefore, 
each population has to be evaluated for its own genetic 
profile for cancer risk that may help to understand the 
geographic and racial differences for development of  gastric 
adenocarcinoma[39]. When we analyzed the combination of  
C carrier and H pylori infection, the risk was nearly 8-fold (OR 
7.83; 95% CI, 3.09-19.85) in H pylori positive individuals and 
7-fold (OR 7.06, 95% CI, 2.61-19.09) in H pylori negative 
individuals. So far, association between H pylori infection 
and COX-2 gene polymorphism in the development of  
gastric adenocarcinoma has not been studied. The present 
study clearly shows that C carriers either in presence or 
absence of  H pylori infection are susceptible to develop 
gastric adenocarcinoma. The frequency of  C carriers was 
almost equal in our patients with PUD (31.1%) and disease 
controls (29%). But the combination of  C carrier and  
H pylori infection had nearly 6-fold increased risk to develop 
PUD (OR 5.65, 95% CI 2.07-15.34). Interestingly, the risk 
was not increased in H pylori negative individuals, implicating 
a potential interplay between H pylori infection and COX-2 
polymorphism in the development of  PUD (Table 4). 
There are no data available in literature to compare our 
observations. 

In conclusion, this study suggests that -765G > C 
COX-2 polymorphism could be a marker for genetic 
susceptibility to gastric adenocarcinoma. This polymorphism 
in gastric adenocarcinoma was independent to H pylori 
infection. However, patients with H pylori infection and 
COX-2 polymorphism had higher risk to develop PUD. 
Thus, COX-2 polymorphism might be useful in predicting 
the risk of  PUD in presence of  H pylori infection. Further 
studies on different ethnic groups are warranted to confirm 
the association of  this polymorphism with the risk of  gastric 
adenocarcinoma and PUD. 

COMMENTS
Background
It remains unclear why only a subpopulation of H pylori infected individuals develop 
peptic ulcer disease (PUD) and gastric adenocarcinoma. This raises the possibility 
that host genetic factors play an important role in the pathogenesis of H pylori 
infection. Differential expression of COX-2 enzyme might confer inter-individual 
susceptibility to gastric cancer and PUD. Hence we investigated -765G > C COX-2 
polymorphism and H pylori infection in patients with gastric adenocarcinoma, PUD 
and non ulcer dyspepsia (NUD). 

Research frontiers
The role of host-related factors in the pathogenesis of diseases caused by H pylori 
infection has largely been ignored. Role of COX-2 polymorphism in patients with 
gastric adenocarcinoma and PUD in presence or absence of H pylori infection has 
not been studied. The study showed that COX-2 polymorphism was associated with 
gastric adenocarcinoma independent of H pylori infection. However, patients with 
combined H pylori infection and COX-2 polymorphism had higher risk to develop 
PUD. Further studies on different ethnic groups are warranted to confirm the 
association of this polymorphism with the risk of gastric adenocarcinoma and PUD.

Innovations and breakthroughs
We report for the first time that -765G > C COX-2 polymorphism with or without 
H pylori infection could be a potential marker for genetic susceptibility to gastric 
adenocarcinoma. To the best of our knowledge, this is the first study to show that 
patients with C carriers of COX-2 gene are susceptible to develop PUD in the 
presence of H pylori infection.

Table 5  C allele frequency and C carrier distribution in control 
populations from various countries

Country Control C allele C carrier Reference
population 

(n)
frequency 

(%)
distribution 

(%)

America
   USA    228 21 37 27
   USA (African 
   American)

   100 32 52 27

Europe
   Portugal    210 22 38 34
   Italy    864 28 50 31
   UK    454 14 25 22
   Poland    547 17 31 30
Australia
   Australia    168 17 31 32
Asia
   India    241 16 29 Present study
   Singapore 1177   5   9 23
   Japan    241   2   5 24
   China 1270   2   4 19
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Applications
Detection of COX-2 polymorphism might help to identify the subgroup of patients 
having greater susceptibility to develop gastric adenocarcinoma, and peptic ulcer 
disease in presence of H pylori infection. 

Peer review
COX-2 polymorphism and its role in carcinogenesis is an extremely exciting field. 
Most of the work in this area has been done in the investigation of colorectal 
cancer, more because of the relatively higher incidence of colorectal cancer and 
its ease of detection. This is probably the first study to document the role of COX-2 
polymorphism in gastric cancer and PUD in addition to H pylori infection. 

REFERENCES
1	 Ohata H, Kitauchi S, Yoshimura N, Mugitani K, Iwane M, 

Nakamura H, Yoshikawa A, Yanaoka K, Arii K, Tamai H, 
Shimizu Y, Takeshita T, Mohara O, Ichinose M. Progression 
of chronic atrophic gastritis associated with Helicobacter pylori 
infection increases risk of gastric cancer. Int J Cancer 2004; 109: 
138-143

2	 Infection with Helicobacter pylori. IARC Monogr Eval Carcinog 
Risks Hum 1994; 61: 177-240

3	 Uemura N , Okamoto S, Yamamoto S, Matsumura N, 
Yamaguchi S, Yamakido M, Taniyama K, Sasaki N, Schlemper 
RJ. Helicobacter pylori infection and the development of gastric 
cancer. N Engl J Med 2001; 345: 784-789

4	 Miwa H, Go MF, Sato N. H. pylori and gastric cancer: the 
Asian enigma. Am J Gastroenterol 2002; 97: 1106-1112

5	 Singh K, Ghoshal UC. Causal role of Helicobacter pylori 
infection in gastric cancer: an Asian enigma. World J 
Gastroenterol 2006; 12: 1346-1351

6	 Ghoshal UC, Tiwari S, Dhingra S, Pandey R, Ghoshal U, 
Tripathi S, Singh H, Gupta VK, Nagpal AK, Naik S, Ayyagari A. 
Frequency of Helicobacter pylori and CagA antibody in patients 
with gastric neoplasm and controls: The Indian enigma. Dig 
Dis Sci 2007; In press

7	 Zambon CF, Basso D, Navaglia F, Germano G, Gallo N, 
Milazzo M, Greco E, Fogar P, Mazza S, Di Mario F, Basso 
G, Rugge M, Plebani M. Helicobacter pylori virulence genes 
and host IL-1RN and IL-1beta genes interplay in favouring 
the development of peptic ulcer and intestinal metaplasia. 
Cytokine 2002; 18: 242-251

8	 Roe I, Nam S, Kim J, Shin J, Bang W, Yang M. Association 
of the myeloperoxidase -463G-->A polymorphism with 
development of atrophy in Helicobacter pylori-infected gastritis. 
Am J Gastroenterol 2002; 97: 1629-1634

9	 Wang D, Mann JR, DuBois RN. The role of prostaglandins and 
other eicosanoids in the gastrointestinal tract. Gastroenterology 
2005; 128: 1445-1461 

10	 Bakhle YS. COX-2 and cancer: a new approach to an old 
problem. Br J Pharmacol 2001; 134: 1137-1150 

11	 Chan G, Boyle JO, Yang EK, Zhang F, Sacks PG, Shah JP, 
Edelstein D, Soslow RA, Koki AT, Woerner BM, Masferrer JL, 
Dannenberg AJ. Cyclooxygenase-2 expression is up-regulated 
in squamous cell carcinoma of the head and neck. Cancer Res 
1999; 59: 991-994 

12	 Gupta S, Srivastava M, Ahmad N, Bostwick DG, Mukhtar 
H. Over-expression of cyclooxygenase-2 in human prostate 
adenocarcinoma. Prostate 2000; 42: 73-78  

13	 Bostrom PJ, Aaltonen V, Soderstrom KO, Uotila P, Laato M. 
Expression of cyclooxygenase-1 and -2 in urinary bladder 
carcinomas in vivo and in vitro and prostaglandin E2 synthesis 
in cultured bladder cancer cells. Pathology 2001; 33: 469-474

14	 K o k a w a A ,  K o n d o H , G o t o d a T , O n o H , S a i t o D , 
Nakadaira S, Kosuge T, Yoshida S. Increased expression 
of cyclooxygenase-2 in human pancreatic neoplasms and 
potential for chemoprevention by cyclooxygenase inhibitors. 
Cancer 2001; 91: 333-338 

15	 Garcea G, Sharma RA, Dennison A, Steward WP, Gescher A, 
Berry DP. Molecular biomarkers of colorectal carcinogenesis 
and their role in surveillance and early intervention. Eur J 

Cancer 2003; 39: 1041-1052 
16	 Brown JR, DuBois RN. Cyclooxygenase as a target in lung 

cancer. Clin Cancer Res 2004; 10: 4266s-4269s
17	 Li HX, Chang XM, Song ZJ, He SX. Correlation between 

expression of cyclooxygenase-2 and angiogenesis in human 
gastric adenocarcinoma. World J Gastroenterol 2003; 9: 674-677 

18	 Yu JR, Wu YJ, Qin Q, Lu KZ, Yan S, Liu XS, Zheng SS. 
Expression of cyclooxygenase-2 in gastric cancer and its 
relation to liver metastasis and long-term prognosis. World J 
Gastroenterol 2005; 11: 4908-4911 

19	 Zhang JT, Wang MW, Zhu ZL, Huo XH, Chu JK, Cui DS, 
Qiao L, Yu J. Increased expression of cyclooxygenase-2 in first-
degree relatives of gastric cancer patients. World J Gastroenterol 
2005; 11: 4918-4922

20	 Uefuji K, Ichikura T, Mochizuki H. Cyclooxygenase-2 
expression is related to prostaglandin biosynthesis and 
angiogenesis in human gastric cancer. Clin Cancer Res 2000; 6: 
135-138 

21	 Cao Y, Prescott SM. Many actions of cyclooxygenase-2 in 
cellular dynamics and in cancer. J Cell Physiol 2002; 190: 
279-286 

22	 Papafili A, Hill MR, Brull DJ, McAnulty RJ, Marshall RP, 
Humphries SE, Laurent GJ. Common promoter variant in 
cyclooxygenase-2 represses gene expression: evidence of role 
in acute-phase inflammatory response. Arterioscler Thromb 
Vasc Biol 2002; 22: 1631-1636 

23	 Koh WP , Yuan JM, van den Berg D, Lee HP, Yu MC. 
Interaction between cyclooxygenase-2 gene polymorphism 
and dietary n-6 polyunsaturated fatty acids on colon cancer 
risk: the Singapore Chinese Health Study. Br J Cancer 2004; 90: 
1760-1764 

24	 Hamajima N, Takezaki T, Matsuo K, Saito T, Inoue M, 
Hirai T, Kato T, Ozeki J, Tajima K. Genotype Frequencies of 
Cyclooxygenease 2 (COX2) Rare Polymorphisms for Japanese 
with and without Colorectal Cancer. Asian Pac J Cancer Prev 
2001; 2: 57-62

25	 Goodman JE, Bowman ED, Chanock SJ, Alberg AJ, Harris CC. 
Arachidonate lipoxygenase (ALOX) and cyclooxygenase (COX) 
polymorphisms and colon cancer risk. Carcinogenesis 2004; 25: 
2467-2472

26	 Ulrich CM, Whitton J, Yu JH, Sibert J, Sparks R, Potter JD, 
Bigler J. PTGS2 (COX-2) -765G > C promoter variant reduces 
risk of colorectal adenoma among nonusers of nonsteroidal 
anti-inflammatory drugs. Cancer Epidemiol Biomarkers Prev 
2005; 14: 616-619

27	 Brosens LA, Iacobuzio-Donahue CA, Keller JJ, Hustinx SR, 
Carvalho R, Morsink FH, Hylind LM, Offerhaus GJ, Giardiello 
FM, Goggins M. Increased cyclooxygenase-2 expression 
in duodenal compared with colonic tissues in familial 
adenomatous polyposis and relationship to the -765G -> C 
COX-2 polymorphism. Clin Cancer Res 2005; 11: 4090-4096

28	 Kang S, Kim YB, Kim MH, Yoon KS, Kim JW, Park NH, 
Song YS, Kang D, Yoo KY, Kang SB, Lee HP. Polymorphism 
in the nuclear factor kappa-B binding promoter region of 
cyclooxygenase-2 is associated with an increased risk of 
bladder cancer. Cancer Lett 2005; 217: 11-16 

29	 Zhang X, Miao X, Tan W, Ning B, Liu Z, Hong Y, Song W, Guo 
Y, Zhang X, Shen Y, Qiang B, Kadlubar FF, Lin D. Identification 
of functional genetic variants in cyclooxygenase-2 and their 
association with risk of esophageal cancer. Gastroenterology 2005; 
129: 565-576 

30	 Szczeklik W, Sanak M, Szczeklik A. Functional effects and 
gender association of COX-2 gene polymorphism G-765C in 
bronchial asthma. J Allergy Clin Immunol 2004; 114: 248-253 

31	 Cipollone F, Toniato E, Martinotti S, Fazia M, Iezzi A, 
Cuccurullo C, Pini B, Ursi S, Vitullo G, Averna M, Arca M, 
Montali A, Campagna F, Ucchino S, Spigonardo F, Taddei S, 
Virdis A, Ciabattoni G, Notarbartolo A, Cuccurullo F, Mezzetti 
A. A polymorphism in the cyclooxygenase 2 gene as an 
inherited protective factor against myocardial infarction and 
stroke. JAMA 2004; 291: 2221-2228 

32	 Shi J, Misso NL, Duffy DL, Thompson PJ, Kedda MA. A 

1502        ISSN 1007-9327       CN 14-1219/R      World J Gastroenterol      March 14, 2008    Volume 14     Number 10

www.wjgnet.com



functional polymorphism in the promoter region of the 
cyclooxygenase-2 gene is not associated with asthma and 
atopy in an Australian population. Clin Exp Allergy 2004; 34: 
1714-1718 

33	 Singh M, Prasad KN, Yachha SK, Krishnani N. Genotypes of 
Helicobacter pylori in children with upper abdominal pain. J 
Gastroenterol Hepatol 2003; 18: 1018-1023  

34	 Pereira C, Sousa H, Ferreira P, Fragoso M, Moreira-Dias L, 
Lopes C, Medeiros R, Dinis-Ribeiro M. -765G > C COX-2 
polymorphism may be a susceptibility marker for gastric 
adenocarcinoma in patients with atrophy or intestinal 
metaplasia. World J Gastroenterol 2006; 12: 5473-5478

35	 Zhang XM, Miao XP, Tan W, Sun T, Guo YL, Zhao D, Lin 
DX. Genetic polymorphisms in the promoter region of 
cyclooxygenase-2 and their association with risk of gastric 

cancer. Zhongguo Yixue Kexueyuan Xuebao 2006; 28: 119-123
36	 Guo Y, Zhang X, Tan W, Miao X, Sun T, Zhao D, Lin D. 

Platelet 12-lipoxygenase Arg261Gln polymorphism: functional 
characterization and association with risk of esophageal 
squamous cell carcinoma in combination with COX-2 
polymorphisms. Pharmacogenet Genomics 2007; 17: 197-205 

37	 Kovesdi I, Reichel R, Nevins JR. Role of an adenovirus E2 
promoter binding factor in E1A-mediated coordinate gene 
control. Proc Natl Acad Sci USA 1987; 84: 2180-2184 

38	 Davis JN , McCabe MT, Hayward SW, Park JM, Day 
ML. Disruption of Rb/E2F pathway results in increased 
cyclooxygenase-2 expression and activity in prostate epithelial 
cells. Cancer Res 2005; 65: 3633-3642 

39	 Crew KD, Neugut AI. Epidemiology of gastric cancer. World J 
Gastroenterol 2006; 12: 354-362 

S- Editor  Zhong XY    L- Editor  Rippe RA    E- Editor  Ma WH

Saxena A et al.  COX-2  polymorphism and H pylori  in GC    	                            	                                   1503

www.wjgnet.com


