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Abstract: The current meta-analysis incorporating 15 case-control studies involving 4,138 cases and 4,269 con-
trols was performed on the basis of a systematical search in electronic databases for a more precise estimation
on the associations of three common polymorphisms -765 G>C (rs20417), -1195G>A (rs689466) and +8473 C>T
(rs5275) in Cyclooxygenase-2 (Cox-2) gene with the susceptibility to bladder cancer. The results showed that there
was a significant association between rs5275 polymorphism and bladder cancer risk (C vs. T; OR=0.84; CC vs. TT:
OR=0.76), especially among Chinese (CC vs. TC+TT: OR=0.48) and American (C vs. T, OR=0.83; TC vs. TT: OR=0.73;
CC+TCvs. TT: OR=0.73). and the rs20417 polymorphism was significantly associated with an increased risk of blad-
der cancer among Chinese (C vs. G: OR=1.46; GC vs. GG: OR=1.49; CC+GC vs. GG: OR=1.51) and Indian (GC vs. GG:
OR=1.63; CC+GC vs. GG: OR=1.46), but a reduced risk among American (C vs. G: OR=0.81; GC vs. GG: OR=0.76;
CC+GC vs. GG: OR=0.76). Additionally, we found that the rs689466 polymorphism was associated with a decreased
risk of bladder cancer in Indian (GA vs. GG: OR=0.68; AA vs. GG: OR=0.39).The present meta-analysis suggests that
Cox-2 rs5275 polymorphism may contribute to the risk of bladder cancer, particularly among Chinese and American.
The rs20417 polymorphism may play a protective role in the development of bladder cancer in Indian and Chinese
but act as a risk factor among American, while the rs689466 polymorphism was more likely to be associated with a
decreased risk of bladder cancer in Indian.
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onset and outcome of bladder cancer. Accu-
mulative evidences have indicated that genetic
polymorphisms in pathways controlling essen-
tial cellular activities including mediation of
inflammation response, carcinogen metabo-
lism, cell cycle regulation, DNA damage/repair
and apoptosis, may alter the susceptibility to
bladder cancer [6-8].

Introduction

Bladder cancer, as the most serious urinary
neoplasm around the world, is the fourth most
common cancer among males, accounting for
7% of the total malignancies [1]. The incidence
of bladder cancer greatly varies regionally, with
the lowest median bladder cancer incidence
rate reported in Asia (5.9) and the highest in

Europe (23.9) [2]. Although the etiopathogene-
sis remains enigmatic, it has been generally
accepted that environmental factors such as
tobacco smoking and occupational exposures
may contribute to the risk of bladder cancer [3,
4]. However, most individuals exposing to those
known risk factors never develop bladder can-
cer, whereas many bladder cancer cases devel-
op from individuals without those risk factors,
suggesting the important role of genetic varia-
tion in the development of bladder cancer [5].
Allele variants in oncogenes are candidate
genetic risk factors that may influence the

Cyclooxygenase-2 (Cox-2), an inducible and
immediate-early gene encoding a key enzyme
that converts arachidonic acid to prostaglan-
dins [9], is able to be rapidly induced by a vari-
ety of mitogenic and inflammatory stimuli and
elevate the production of prostaglandins, which
contribute to tumor occurrence and progres-
sion by modulating cell proliferation, apoptosis,
and angiogenesis [10-12]. The human Cox-2
gene (also known as PTGS2) consisting of 10
exons and 9 introns approximately spanning
8.3 kb is mapped on the chromosome 1g25.2-
025.3 [13]. A large volume of research data has
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99 potential relevant studies by electronic
database research

association between the three
common polymorphisms in
Cox-2 and bladder cancer risk

79 Excluded

10 Not related with bladder cancer

22 Not related with Cox-2 polymorphism

13 Not related with the risk of bladder cancer
16 Not human subjects

2 Articles not in English or Chinese

15 Letters or reviews

and to quantify the potential
influencing factors.

Materials and methods

20 studies evaluating the associations of Cox-
2 polymorphisms with bladder cancer risk

Search strategy

A systematic literature search
were conducted in the elec-

14 Excluded

2 Family studies

5 Without sufficient data
5 Not case-control studies

2 Duplicate publications

tronic databases of PubMed,
Web of Knowledge, Embase,
Cochrane Library, Wan Fang,

| 6 studies included in this meta-analysis

Figure 1. Flow chart showing eligible studies selection procedure.

demonstrated that Cox-2 is normally absent in
bladder tissue, while overexpression of Cox-2 is
often observed in bladder cancer, indicating a
potential role in bladder carcinogenesis [14,
15], however, the exact mechanism have most-
ly remained elusive. With the emerging evi-
dence regarding the possible mechanism
involved in the carcinogenesis for Cox-2 gene,
genetic variants in Cox-2 have been frequently
shown to exert profound effects on gene tran-
scriptional activity by altering the binding
capacity of certain nuclear proteins, thereby
affecting expression of Cox-2 enzyme and influ-
ence the susceptibility to various carcinomas
including bladder cancer [16-19].

In recent years, several potentially functional
single-nucleotide polymorphisms (SNP) related
to bladder cancer risk have been identified, of
which three functional SNPs, -765 G>C
(rs20417), -1195 G>A (rs689466) in the pro-
moter region, and the +8473 C>T (rs5275) in
the 3’UTR of Cox-2, have been widely studied
[2]. Although numerous epidemiologic investi-
gations assessing the associations of the three
common SNPs in Cox-2 gene with bladder can-
cer risk have been carried out [2, 19-23], the
results remain inconsistent even conflicting,
which may partially be due to the different sam-
ple sizes and different ethnicities of the popula-
tions investigated. To better address the con-
cerned associations, we performed a meta-
analysis of all eligible studies to evaluate the
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China National Knowledge
Infrastructure, and the Chinese
Biomedicine Database to retri-
eve relevant studies regarding
the associations of Cox-2 poly-
morphisms (rs20417, rs689-
466, rs5275) with bladder can-
cer risk, using the following limits: Humans, and
article in English or Chinese. We developed a
search strategy using the following query: [“Cox-
2" or “cyclooxygenase 2” or “prostaglandin syn-
thase-2” or “PTGS2"] and [“bladder cancer” or
“pbladder carcinoma”] and [“SNP” or “polymor-
phisms” or “polymorphism” or “variant” or
“genotype”]. Additional eligible studies were
identified by individually and manually review-
ing reference lists of major textbooks, review
articles on this topic. Furthermore, in case of
overlapping publications, only the one with the
most recent and/or the latest sample size was
selected for the analysis.

Selection criteria

In the current meta-analysis, eligible studies for
inclusion were as follows: (1) case-control stud-
ies evaluated the association of Cox-2 polymor-
phisms and bladder cancer risk. (2) ldenti-
fication of bladder cancer patient was con-
firmed histologically or pathologically. (3) Stu-
dies with sufficient information on the frequen-
cies of alleles or genotypes in both cases and
controls were available to estimate an odds
ratio (OR) with a 95 % confidence interval (Cl).
The major exclusion criteria were: (1) the design
was based on family or sibling pairs or not case-
control study; (2) the outcomes of the study
were not reported or were difficult to determine;
(3) the extraction of detailed frequencies of
alleles or genotypes was unavailable; (4) stud-
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Table 1. The characteristics of included studies in the meta-analysis

First . Genotype-case _Genotype-control ~ Source of ~ Genotype Cox-2 HWE
author Year  Country - Ethnicity VR Ho/Ht/WT Ho* VR Ho/Ht/WT Ho" control method  polymorphism test
Chang 2013 China  Chinese 105/181/89 107/171/97 hospital PCR-RFLP rs689466 Y
2013 China  Chinese 0/89/286 0/60/315 hospital ~ PCR-RFLP rs20417 Y
2013 China  Chinese 0/127/248 0/117/258 hospital ~ PCR-RFLP rs5275 N
Gangwar 2011 India Indian 2/48/162 4/64/182 hospital ~ PCR-RFLP rs689466 Y
2011  India Indian 4/80/128 12/61/177 hospital ~ PCR-RFLP rs20417 N
2011 India Indian 24/106/82 34/119/97 hospital PCR-RFLP rs5275 Y
Srivastava 2009 India Indian 5/37/142 11/52/104 population PCR-RFLP  rs689466 Y
2009 India Indian 8/45/131 8/32/127 population PCR-RFLP rs20417 N
2009 India Indian 29/88/67 25/91/51 population PCR-RFLP rs5275 Y
Song 2008 China  Chinese 51/99/30 65/86/29 hospital PCR-RFLP  rs689466 Y
2008 China Chinese 1/19/154 0/18/159 hospital  PCR-RFLP rs20417 Y
2008 China  Chinese 4/39/132 5/61/113 hospital ~ PCR-RFLP rs5275 Y
Qin 2014 China  Chinese 24/26/4 64/32/1 hospital Tagman rs5275 Y
Yang 2008 USA  American 10/163/446 11/200/416 population  SNPlex rs20417 N
2008 USA  American 76/268/279 85/312/236 population  SNPlex rs5275 Y

VR, variant; WT, wild-type; Ht, heterozygote; VR Ho, variant homozygote; WT Ho, wide-type homozygote; Y, in agreement with HWE; (Hardy-Wein-

berg equilibrium); N, in disagreement with HWE.

ies duplicated the results of previous publica-
tions; (5) they were conference abstracts, case
reports, editorials, review articles, and letter
articles.

Data extraction

Employing standardized abstraction sheets,
two reviewers extracted data independently
from individual studies, and any disagreements
between the two reviewers were resolved by
discussion until a consensus was reached on
all the items. For each enrolled study, the fol-
lowing information was collected: first author,
year of publication, country of origin, ethnicity,
source of control, genotyping methods and gen-
otype frequency in cases and controls, respec-
tively. Ethnicity descents were categorized as
Chinese, Indian and American, because all the
studied populations were from the three coun-
tries in the included studies.

Statistical analysis

Individual or pooled OR and 95% Cls were cal-
culated for the strength of the association
between the Cox-2 polymorphisms and the risk
of bladder cancer using Review Manager
Version 5.2 software (provided by The Cochrane
Collaboration, Oxford, UK; http://www.coch-
rane.org/software/revman.htm). The signifi-
cance of the pooled OR was determined by Z
test and P<0.05 was considered significant.
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The Cochran’s Q-test was used to assess the
statistical heterogeneity among studies [24],
and if the P >0.1 indicated the absence of het-
erogeneity, then the fixed-effects model (the
Mantel-Haenszel method) was used to calcu-
late the pooled Ors [25]; otherwise, the ran-
dom-effects model (the DerSimonian and Laird
method) was applied [26]. To evaluate the eth-
nic-specific effects, subgroup analyses were
conducted according to ethnicity descents
(Chinese, Indian and American). Sensitivity
analysis was performed by sequential omission
of individual studies under various contrasts to
assess the stability of results. The Begg’s fun-
nel plot was applied to detect potential publica-
tion bias [27], which was further assessed by
the method of Egger’s linear regression test
(P<0.05 indicated the presence of publication
bias) [28]. The Begg’s funnel plot and Egger’s
linear regression test were performed using
Stata 12.0 software (Stata Corp., College Sta-
tion, USA).

Results
Study characteristics

Initially, 99 potentially relevant studies were
retrieved based on our search strategy. Acc-
ording to the established inclusion and exclu-
sion criteria for eligible studies, 6 publications
were ultimately included in the meta-analysis
[2, 19-23]. The flow chart summarizing study
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Table 2. Meta-analysis results of the associations between Cox-2 polymorphisms and the risk of bladder cancer

Cox-2 Study Sample size Allele contrast Ht vs. WT Ho" VR Ho vs. WT Ho" Dominant model Recessive model
polymorphisms  group  (case/control) OR [95% CI] P, OR [95% CI] P. OR [95% CI] P, OR [95% CI] P, OR [95% Cl] P,
rs689466 overall 951/972 0.81[0.61, 1.06] 0.02 0.87 [0.61, 1.24] 0.07 0.86 [0.63, 1.18] 0.21 0.8210.57, 1.18] 0.04 0.82[0.64, 1.06] 0.32
Chinese 555/555 0.97 [0.82, 1.14] 0.27 1.14 [0.84, 1.55] 0.92 0.97 [0.70, 1.35] 0.36 1.08[0.81, 1.43] 0.64 0.87 [0.67, 1.13] 0.23
Indian 396/417 0.66 [0.41, 1.05] 0.09 0.68[0.50, 0.95] 0.15 0.39 [0.15, 0.97] 0.61 0.64 [0.38, 1.07] 0.1 0.4410.18, 1.10] 0.7
rs20417 overall 1564/1596 0.96[0.65,1.41] <0.01  1.26[0.84,1.89] <0.01 0.79[0.46,1.37] 0.63  1.23[0.85,1.77] 0.002  0.76[0.44,1.30]  0.49
Chinese 549/552 1.46[1.08,1.98] 0.49 1.49 [1.08, 2.06] 0.3  3.10[0.13, 76.61] NA 1.51[1.10,2.08] 0.37  3.07[0.12,75.86] NA
Indian 396/417 0.77[0.34,1.76] 0.002  1.63[1.18,2.23] 0.39  0.69[0.33,1.44] 0.34  1.46[1.08,1.97] 0.5 0.60[0.29,1.26]  0.27
American 619/627 0.81[0.65, 1.00] NA 0.76 [0.59, 0.97] NA 0.85[0.36, 2.02] NA 0.76 [0.59, 0.97] NA 0.92[0.39, 2.18] NA
1s5275 overall 1623/1701 0.84[0.70,1.00]  0.05 0.81[0.63,1.05] 0.05 0.76[0.58,0.99] 0.45 0.81[0.63,1.04] 0.04  0.82[0.65,1.04] 0.29
Chinese 604/651 0.71[0.42,1.20] 0.006  0.72[0.36,1.45]  0.02  0.38[0.13,1.13] 0.3  0.68[0.33,1.43] 001  0.48[0.26,0.87] 0.37
Indian 396/417 0.93[0.76,1.14]  0.78 0.91[0.67,1.23] 025  0.86[0.55, 1.33] 0.9 0.90[0.67,1.20]  0.37  0.92[0.62,1.38] 0.51
American 623/633 0.83[0.70, 0.97] NA 0.73[0.57, 0.92] NA 0.76 [0.53, 1.08] NA 0.73[0.57, 0.92] NA 0.90 [0.64, 1.25] NA

“VR, variant; WT, wild-type; Ht, heterozygote; VR Ho, variant homozygote; WT Ho, wide-type homozygote. The results were in bold, if the 95% Cl excluded 1 or P<0.05; P, P value of Q-test for heterogeneity test, and Random effects model was
used when P value for heterogeneity test <0.1; otherwise, fixed effects model was used in the analysis.
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A rs689466 (A vs. G)

Case Control Odds Ratio 0Odds Ratio

d ota en ota 1 -| Random, 95% 03 Random, 9
Song 2008 201 360 216 360 26.2% 0.84 [0.63, 1.13] 2008
Srivastava 2009 47 368 74 334 209% 0.51[0.34, 0.77] 2009 i
Gangwar 2011 52 424 72 500 21.7% 0.83[0.57, 1.22] 2011
Chang 2013 391 750 385 750 31.2% 1.03 [0.84, 1.26] 2013
Total (95% CI) 1902 1944 100.0% 0.81 [0.61, 1.06]
Total events 691 747

Heterogeneity: Tau? = 0.05; Chi* = 9.46, df = 3 (P = 0.02); I = 68%

Test for overall effect: Z = 1.53 (P = 0.13) R, L L

Favours [case] Favours [control]

B rs20417 (C vs. G)

Case Control Odds Ratio Odds Ratio
C Q el Qld 2 Qld C :-I"ll'- Cd Random, 3
Yang 2008 183 1238 222 1254 23.5% 0.81 [0.65, 1.00] 2008
Song 2008 21 348 18 354 14.8% 1.20 [0.63, 2.29] 2008
Srivastava 2009 61 368 48 334 19.7% 1.18[0.78, 1.79] 2009
Gangwar 2011 88 424 85 250 20.9% 0.51[0.36, 0.72] 2011 S
Chang 2013 89 750 60 750 21.1% 1.55[1.10, 2.18] 2013
Total (95% Cl) 3128 2942 100.0% 0.96 [0.65, 1.41)
Total events 442 433

k "

Heterogeneity: Tau? = 0.15; Chi? = 23.16, df = 4 (P = 0.0001); I? = 83%

Test for overall effect: Z = 0.20 (P = 0.84) GOk A A e

Favours [case] Favours [control]

C rs5275(Cvs. T)

Case Control Odds Ratio Odds Ratio
g en ota C 3 gigh Random. 95% ca Random, 9
Song 2008 47 350 71 358 12.4% 0.63 [0.42, 0.94] 2008 T2
Yang 2008 420 1246 482 1266 25.4% 0.83[0.70, 0.97] 2008
Srivastava 2009 146 368 141 334 16.9% 0.90 [0.67, 1.22] 2009
Gangwar 2011 154 424 187 500 18.8% 0.95[0.73, 1.25] 2011
Chang 2013 127 750 117 750 18.4% 1.10 [0.84, 1.45] 2013
Qin 2014 74 108 160 194 8.1% 0.46 [0.27, 0.80] 2014 =
Total (95% Cl) 3246 3402 100.0% 0.84 [0.70, 1.00]
Total events 968 1158

Heterogeneity: Tau? = 0.03; Chi* = 11.31, df = 5 (P = 0.05); I* = 56%

Test for overall effect: Z = 1.92 (P = 0.05)

n

001 01 1 10 100
Favours [case] Favours [control]

Figure 2. Forest plots of bladder cancer risk associated with variants of Cox-2 in the allele contrast.

selection is shown in Figure 1. Since more than
one case-control study was included in five arti-
cles [2, 19-22], they were considered as sepa-
rate studies in the meta-analysis. Totally, there
were 15 case-control studies from 6 articles
involving 4,138 bladder cancer cases and
4,269 controls were included in the final meta-
analysis, among which there were four articles
in English and two in Chinese. The study popu-
lations in the 6 included articles consisted of 3
Chinese, 2 Indian and 1 American studies. The
distribution of genotypes in the controls of all
included case-control studies was in agree-
ment with Hard-Weinberg equilibrium except
for the studies conducted by Chang et al. [19]
regarding rs5275, Gangwar et al. [2], Srivastava
et al. [20], and Yang et al. [21] regarding
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rs20417. Detailed characteristics of the includ-
ed studies are summarized in Table 1.

Quantitative synthesis

Cox-2 rs689466: The aggregated ORs and het-
erogeneity test results for the association
between the Cox-2 polymorphisms and bladder
cancer risk were listed in Table 2. Four case-
control studies with 951 cases and 972 con-
trols have investigated the association between
bladder cancer risk and Cox-2 rs689466 poly-
morphism. As shown in Table 2 and Figure 2,
there was no evidence of significant associa-
tion between bladder cancer risk and Cox-2
rs689466 polymorphism in the overall analy-
ses under any genetic contrasts. In the sub-
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group analysis by ethnicity descents, a signifi-
cantly decreased risk of bladder cancer for
rs689466 polymorphism was observed in the
homozygote contrast and heterozygote con-
trast among Indian population (GA vs. GG:
OR=0.68, 95% CI=0.50-0.95; AA vs. GG:
OR=0.39, 95% CI=0.15-0.97), whereas no sig-
nificant association was observed in any genet-
ic model among Chinese.

Sensitivity analysis was performed by sequen-
tial omission of individual studies to investigate
the influence of each study on the overall OR.
As a result, the significance of pooled ORs in
the analyses for rs689466 polymorphism was
excessively influenced by omitting the study of
Chang et al. [19] under several contrasts
(AA+GA vs. GG: OR=0.71, 95% CI=0.54-0.94; A
vs. G: OR=0.74, 95% CI=0.60-0.90; AA vs.
GA+GG: OR=0.64, 95% CI=0.43-0.95), mean-
while, we observed that the between-study het-
erogeneity was significantly reduced after
excluding the study of Chang et al. [19], which
was likely to partially interpret the obvious het-
erogeneity. In addition, the Begg’s funnel plot
and Egger’s linear regression test were both
used to detect the potential publication bias.
As a result, as shown in Figure 3, the funnel
plots failed to detect any obvious asymmetry,
and the Egger’s test did not provide any evi-
dence of publication bias (allele contrast:
P=0.136), indicating the robustness of the
results in the meta-analysis.

Cox-2 rs20417: The Cox-2 rs20417 polymor-
phism was investigated in five case-control
studies involving 1564 cases and 1596 con-
trols. As shown in Table 2 and Figure 2, the
results of overall analyses did not suggest any
significant association between Cox-2 rs20417
polymorphism and bladder cancer in any genet-
ic contrasts. In the stratified analysis, a signifi-
cantly increased risk of bladder cancer for the
rs20417 polymorphism was revealed among
Chinese population (C vs. G: OR=1.46, 95%
Cl=1.08-1.98; GC vs. GG: OR=1.49, 95%
Cl=1.08-2.06; CC+GC vs. GG: OR=1.51, 95%
Cl=1.10-2.08). Moreover, similar association
was also found among Indian population (GC
vs. GG: OR=1.63, 95% Cl=1.18-2.23; CC+GC
vs. GG: OR=1.46, 95% CI=1.08-1.97). However,
the rs20417 polymorphism presented a signifi-
cantly reduced risk of bladder cancer (C vs. G:
OR=0.81, 95% CI=0.65-1.00; GC vs. GG: OR
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=0.76, 95% CI=0.59-0.97; CC+GC vs. GG:
OR=0.76, 95% CI=0.59-0.97) among American
population.

Similarly, the pooled OR in the sensitivity analy-
sis was significantly affected for rs20417 poly-
morphism by omitting the study by Yang et al.
[21] under the dominant contrast (GC+CC vs.
GG: OR=1.48, OR=1.19-1.85) and heterozy-
gote contrast (GC vs. GG: OR=1.56, OR=1.24-
1.95), with significant decrease of heterogene-
ity, suggesting that the study by Yang et al. [21]
may be mainly responsible for the observed
heterogeneity. Moreover, as shown in Figure 3,
the Begg’s funnel plot seemed basically sym-
metry and the results of Egger’s test revealed
no publication bias (allele contrast: P=0.597),
suggesting no significant publication bias in the
meta-analysis.

Cox-2 rs5275: A total of six case-control stud-
ies with 1623 cases and 1701 controls assess-
ing the relationship between Cox-2 rs5275
polymorphism and bladder cancer susceptibili-
ty were pooled onto this meta-analysis. As
shown in Table 2 and Figure 2, the results of
overall analyses indicated that the Cox-2
rs5275 polymorphism was significantly associ-
ated with a decreased risk of bladder cancer (C
vs. T; OR=0.84, 95% CI=0.70-1.00; CC vs. TT:
OR=0.76, 95% CI=0.58-0.99). Similarly, in
terms of the stratified analysis by ethnicity
descents, we observed a significant positive
association between the rs5275 polymorphism
and bladder cancer risk in Chinese population
(CC vs. TC+TT: OR=0.48, 95% Cl=0.26-0.87)
and American population (C vs. T; OR=0.83,
95% CI=0.70-0.97; TC vs. TT: OR=0.73, 95%
Cl=0.57-0.92; CC+TC vs. TT: OR=0.73, 95%
Cl=0.57-0.92), while no such association was
found in Indian population.

In the sensitivity analysis, we found that the
combined OR for rs5275 was substantially
influenced by omitting the individual studies
under dominant (Chang et al. [19]), allele (Yang
et al. [21] and Gangwar et al. [2]), heterozygote
(Chang et al. [19]) and homozygote contrasts
(Qin et al. [23] and Yang et al. [21]) (data not
shown), suggesting the instability of the results
in the meta-analysis, which may be due to lim-
ited number of eligible studies included. Hence,
more studies with large sample size were great-
ly needed and of extreme importance in further
exterminating the association between Cox-2
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rs5275 polymorphism and bladder cancer risk.
Additionally, no evident publication bias was
suggested by the Begg’s funnel plot (Figure 3)
and Egger’s linear regression test (allele con-
trast: P=0.388).

Discussion

The current meta-analysis involving 4,138 blad-
der cancer cases and 4,269 controls from 15
case-control studies was conducted to investi-
gate the association between the common
polymorphisms (rs689466, rs2017 and rs-
5275) in Cox-2 gene and bladder cancer risk. To
the best of our knowledge, this is the first meta-
analysis focusing on the association of the
common Cox-2 polymorphisms with the risk of
bladder cancer to date. Overall, the results
showed that the Cox-2 rs5275 polymorphism
was associated with a decreased risk of blad-
der cancer. However, no significant association
of rs689466 as well as rs20417 polymor-
phisms with bladder cancer risk was revealed.

The rs689466 polymorphism located in 10th
exon, 1195 bp upstream of the promoter region
of Cox-2 gene was frequently found to be asso-
ciated with the development of carcinoma in
various organs including bladder [20], oesoph-
agus [29] and colorectal [30]. These findings
may be biologically plausible. Recently, studies
have shown that the rs689466 variant was
likely implicated in the regulation of the func-
tion of the c-MYB-binding site, resulting in lower
transcriptional activity of the Cox-2 gene, which
may regulate the exquisite balance between
cell division, differentiation and survival of
cells, modulating the individual's susceptibility
to cancer [31]. However, the current reports
regarding the Cox-2 rs689466 polymorphism
and bladder cancer risk obtained inconsistent
results. In the present meta-analysis, four
case-control studies with a total of 951 cases
and 972 controls concerning the association
between Cox-2 rs689466 polymorphism and
bladder cancer risk was included. As a result,
we failed to show any significant association in
the overall analyses. In the subgroup analysis
by ethnicity descents, the Cox-2 rs689466
polymorphism, however, presented a protective
role in the development of bladder cancer in
the Indian population, but not in Chinese popu-
lation, suggesting the importance of the influ-
ence of ethnicity variation, and the environment
in which they live on the bladder cancer risk.
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For the rs20417 polymorphism which is at posi-
tion -765 bp of the promoter region of Cox-2,
previous functional studies have exhibited its
role in the alteration of Cox-2 expression [32].
The rs20417 polymorphism was shown to dis-
rupt a stimulatory proteinl binding site but cre-
ate an E2 promoter factor (E2F) binding site,
leading to high transcription activity and
increased COX-2 expressions which might be
involved in the development of cancers [33].
The role of Cox-2 rs20417 polymorphism has
been widely studied with diverse results in vari-
ous carcinomas, including bladder cancer [19],
gastric cancer [34] and breast cancer [13],
while in our meta-analysis, we enrolled five
case-control studies with 1564 cases and
1596 controls to investigate the association of
rs20417 polymorphism and bladder cancer
risk. Unfortunately, no significant association
was observed in the overall population.
However, in the stratified analysis based on
ethnicity descents, the rs20417 polymorphism
was significantly associated with an increased
risk of bladder cancer among Chinese and
Indian population, but a reduced risk of bladder
cancer in American population, indicating that
the Cox-2 rs20417 polymorphism may have dif-
ferent effects on bladder cancer risk in differ-
ent ethnic genetic backgrounds. Nevertheless,
owing to the single study included among
American population in this meta-analysis, the
observed positive association is likely to be
caused by chance because a single study may
have insufficient statistical power to detect a
slight effect or may raise the likehood to have a
fluctuated risk estimate. In addition, gene- envi-
ronmental factors may also explain the discrep-
ancies. Consequently, this association should
be further confirmed by large-scale case-con-
trol studies in the future researches.

With respect to the rs5275 polymorphism
mapped on the 3’-untranslated region which
contains highly-conserved adenine-uracil-rich
elements, this polymorphism was shown to be
associated with the alteration of mRNA level of
the Cox-2 gene through the regulation of mes-
sage stability and translational efficiency [35].
As the rs20417 and rs689466 polymorphisms,
much attention has been paid to the associa-
tion between Cox-2 rs5275 polymorphism and
cancer risk, whereas no significant association
was reported by the most of previous pooled
analyses regarding different cancer types [13,
36, 37]. However, the current meta-analysis
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including six case-control studies involving
1623 cases and 1701 controls suggested a
decreased risk of bladder cancer for Cox-2
rs5275 polymorphism. In subgroup analysis by
ethnicity descents, similar association was also
found in Chinese population although modest,
and in American population, while not in Indian
population. In short, the inconsistence may be
interpreted by different ethnic groups.
Additionally, interactions with other genetic
variants are possible reasons as well. In spite
of this, considering the instability of the result
of sensitivity analysis and the limitation of the
single sample in investigations (only one includ-
ed study conducted in American population),
the result should be explained with caution,
and more studies are exceedingly required.

There were several limitations in the meta-anal-
ysis, which should be acknowledged. First, this
meta-analysis was based on a limited number
of studies on the association between COX-2
polymorphisms and bladder cancer risk and
only one relevant study conducted in American
population was included, reminding us that the
results of the meta-analysis should be cau-
tiously interpreted. Second, due to the lack of
necessary information, our results were based
on unadjusted estimates; some potentially sus-
pected factors such as age, sex, smoking and
environmental factors should be considered for
a more precise estimation. Third, there is a lack
of available studies regarding these associa-
tions in different ethnicities, which would limit
the comprehensiveness and veracity of the
results. Therefore, more case-control studies
with large sample size from different ethnicities
are urgently needed. In addition, since bladder
cancer is a multifactor and complex disease,
the impact of the COX-2 variants may be
masked by the presence of other as-yet-uniden-
tified genes involved in carcinogenesis under
various environments, potential interactions
between gene-gene and gene-environment
were usually neglected in the original articles.

In summary, the evidence of our meta-analysis
supported an association between Cox-2
rs5275 polymorphism and decreased risk of
bladder cancer, especially in Chinese and
Indian populations. Similarly, the rs689466
polymorphism was associated with a reduced
risk of bladder cancer in Indian population.
Additionally, our results also suggested that the
rs20417 polymorphism may have an increased
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bladder cancer risk among Chinese and Indian
population, but a reduced bladder cancer risk
in American population. Nevertheless, the
results should be, herein, explained with great
caution in consideration of the limitations in
the meta-analysis, and more multicentre well-
designed studies with larger sample sizes are
warranted to verify our findings in future inve-
stigations.
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