Genetics and ‘Molecular Rél

Onhae Joum.;:_l E

Meta-analysis of epidemiological studies
demonstrates significant association of
PTGS2 polymorphism rs689470 and no
significant association of rs20417 with
prostate cancer

H.-T. Zhang', Y. Xu', Z.-H. Zhang' and L. Li?

"Department of Urology, Second Hospital of Tianjin Medical University,
Tianjin Institute of Urology, Tianjin, China
“Department of Epidemiology, Tianjin Medical University, Tianjin, China

Corresponding author: Y. Xu
E-mail: xuyong8816@sina.com

Genet. Mol. Res. 11 (2): 1642-1650 (2012)
Received October 15, 2011

Accepted February 7, 2012

Published June 15, 2012

DOI http://dx.doi.org/10.4238/2012.June.15.13

ABSTRACT. Evidence is accumulating that chronic inflammation
has an important role in prostate cancer. Two common polymorphisms
in the prostaglandin-endoperoxide synthase 2 (PTGS2) gene, rs20417
and 1s689470, have been found to alter the risk for prostate cancer,
but the various studies are not in agreement. To derive a more precise
estimation of this association, all available studies were considered
in a meta-analysis, with 10,700 patients and 13,021 controls for
rs20417 and 4087 patients and 3761 controls for rs689470. We
used odds ratios (ORs) to assess the strength of the association,
and 95% confidence intervals (Cls) to determine the precision
of the estimate. When all groups were pooled, we did not detect a
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significant association of rs20417 polymorphism with prostate cancer
risk. Similarly, no associations were found in the subgroup analysis.
However, we found that rs689470 was significantly associated with a
trend towards increased prostate cancer risk when using both additive
(OR = 2.15, 95%CI = 1.04-4.44, P = 0.04) and recessive models
(OR = 2.07, 95%CI = 1.07-4.03, P = 0.03) to analyze the data. In
subgroup analyses stratified by ethnicity, there was no evidence
that rs689470 has a significant association with prostate cancer in
Caucasians. Based on our meta-analysis, rs689470 polymorphism
is significantly associated with prostate cancer risk in the overall
population. Nevertheless, we suggest that further studies should be
made to confirm these findings.

Key words: PTGS2; Genetic polymorphisms; Prostate cancer;
Meta-analysis

INTRODUCTION

Prostate cancer (PCa) is one of the most common types of cancer affecting men
in the USA and is the second leading cause of cancer death among men, after lung cancer.
Identifying potential risk factors for PCa is critically important to develop interventions
and to expand our understanding of the biology of PCa. Despite the fact that the complex
etiology of PCa remains obscure, various risk factors play an important role in PCa develop-
ment, such as advanced age, tobacco use, alcohol consumption (Hiatt et al., 1994), and a diet
poor in fresh fruits and vegetables (Hori et al., 2011). However, not all of those who have
been exposed to these risk factors will develop PCa, suggesting that genetic factors may
contribute to the carcinogenic mechanisms and the inter-individual differences in suscepti-
bility. Results have shown that a strong association exists between states of chronic inflam-
mation and cancer, and it is believed that mediators of inflammation may be responsible for
this phenomenon (Shacter and Weitzman, 2002). A previous study suggested that chronic
inflammation may lead to tumorigenesis through DNA damage by reactive oxygen and ni-
trogen species, enhancing cell proliferation, and stimulating angiogenesis (McArdle et al.,
2006). Genetic polymorphisms of genes involved in the inflammatory pathway, including
prostaglandin-endoperoxide synthase 2 (PTGS2), may impact susceptibility to PCa.

PTGS, also known as cyclooxygenase (COX), catalyzes the rate-limiting step in
the formation of inflammatory prostaglandins. COX is an integral membrane bifunctional
enzyme, which metabolizes arachidonic acid to many biologically active eicosanoids. The
PTGS2 gene, located on chromosome 1q25.2-q25.3, is a candidate gene for PCa suscep-
tibility (Kosaka et al., 1994). PTGS2 is an inducible enzyme that converts arachidonic
acid to prostaglandins, which play a role in cell proliferation and are potent mediators of
inflammation. A meta-analysis suggested that aspirin use was associated with a decreas-
ing trend of PCa risk (Mahmud et al., 2004). Data suggest that COX-2 is overexpressed in
PCa tissue compared to benign tissue from the same patient in several studies (Gupta et
al., 2000; Madaan et al., 2000; Yoshimura et al., 2000; Kirschenbaum et al., 2000; Lee et
al., 2001; Uotila et al., 2001). Some previous studies suggested that COX-2 may influence
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carcinogenesis by inhibiting apoptosis (Tsujii and DuBois, 1995), inducing angiogenesis
(Masferrer et al., 2000) and by chronic activation of immune responses (O’Byrne and Dal-
gleish, 2001).

Several studies were conducted to investigate the associations of PTGS2 rs20417 and
1689470 polymorphisms with PCa risk (Panguluri et al., 2004; Shahedi et al., 2006; Cheng
et al., 2007; Danforth et al., 2008; Murad et al., 2009; Balistreri et al., 2010; Dossus et al.,
2010; Wu et al., 2011). However, molecular epidemiological studies have yielded contradic-
tory results concerning the potential roles of rs20417 and rs689470 polymorphisms in PCa.
Individual studies might have been underpowered to detect the overall effects. Some studies
are limited by their sample size and subsequently suffer from power that is too low to detect
effects that may exist. Given the amount of accumulated data, we deemed it important to per-
form a quantitative evaluation of the evidence. Therefore, we performed this meta-analysis
study to determine whether rs20417 and rs689470 polymorphisms in the PTGS2 gene are
associated with PCa susceptibility in men.

SUBJECTS AND METHODS
Literature search

Relevant publications were identified through a literature search using the key words
“COX-2" or “PTGS2”, “prostate”, “carcinoma” or “cancer” or “tumor”, and “polymorphism”
or “variation” in the following electronic databases: PubMed, Embase, and the Cochrane Li-
brary (last search was updated on June 28, 2011). We evaluated all associated publications
to retrieve the most eligible papers. The reference lists of reviews and retrieved articles were
hand searched at the same time. If more than one article was published by the same author
using the same case series, we selected the study with the largest series. Articles were limited
to English language papers.

Inclusion and exclusion criteria

The following inclusion criteria were used to select articles for the meta-analysis: 1)
information on the evaluation of PTGS2 (rs20417 and rs689470) polymorphisms and PCa
risk; 2) case-control study, and 3) sufficient genotype data were presented to calculate the
odds ratio (OR) with 95% confidence interval (95%CI). Major reasons for exclusion of studies
were: 1) no controls; 2) overlapping study populations, and 3) no usable data reported.

Data extraction

All data were independently extracted by two investigators according to the prespeci-
fied selection criteria. Disagreement was resolved by discussion. The following data were
extracted: the name of the first author, publication year, ethnicity of the population, available
genotype, number of prostate cancer cases and controls studied, and results of studies. Dif-
ferent ethnic descents were categorized as Caucasian, Asian, and African. For case-control
studies nested within different cohorts, data were extracted separately for each group when-
ever possible.
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Statistical analysis

The effect measure of choice was OR with its corresponding 95%CI. The significance
of the summary OR was determined with a Z-test and P < 0.05 was considered to be statisti-
cally significant. Heterogeneity assumption was checked by the Q-test. P> 0.10 for the Q-test
indicated lack of heterogeneity among the studies. Either a random-effects model or fixed-
effects model was used to calculate pooled effect estimates in the presence or absence of
heterogeneity (Mantel and Haenszel, 1959; DerSimonian et al., 1986).

First, we examined rs20417 genotypes using additive (CC vs GG), recessive (CC vs
GC + GG) and dominant (CC + GC vs GQG) genetic models. The relationship between the
allele and susceptibility to PCa was then examined. For rs689470 polymorphism, we evalu-
ated the same effects. Stratified analyses were also performed by ethnicity. Publication bias
was assessed by visual inspection of funnel plots in which the standard error of log (OR)
of each study was plotted against its log (OR). An asymmetric plot indicates a possible
publication bias. The symmetry of the funnel plot was further evaluated by the Egger linear
regression test. The significance of the intercept was determined by the #-test suggested by
Egger et al., 1997 (P < 0.05 was considered to be representative of statistically significant
publication bias). All statistical tests were performed with Review Manage, version 5.0, ex-
cept the publication bias test. The publication bias test was performed with Stata 10.0 (Stata
Corporation, College Station, TX, USA).

RESULTS

According to the inclusion criteria defined above, we identified 12 independent
studies in 8 eligible reports (Panguluri et al., 2004; Shahedi et al., 2006; Cheng et al., 2007;
Danforth et al., 2008; Murad et al., 2009; Balistreri et al., 2010; Dossus et al., 2010; Wu et
al., 2011), including 14,282 cases and 16,277 controls. All 12 studies included were written
in English. Twelve independent studies consisted of 8 Caucasian, 1 Asian, and 3 African
populations. The main characteristics for all eligible studies are listed in Table 1.

Meta-analysis databases

PTGS2 rs20417

There are 9 studies (10,700 cases and 13,021 controls) analyzing the relationship
between PTGS2 rs20417 polymorphism and the risk of PCa. In the overall population, there
was significant heterogeneity in rs20417 polymorphism for the dominant model comparison,
and the C allele vs G allele, except for the additive model and recessive model comparisons.
After subgroup analyses by ethnicity, significant heterogeneity was only detected in Africans.
We did not detect an association between rs20417 polymorphism and PCa risk in the overall
population when examining the contrast of CC vs GG, CC vs GC + GG, CC + GC vs GG, and
C allele vs G allele (OR =1.00, 95%CI =0.86-1.17, P=0.96; OR = 1.00, 95%CI = 0.86-1.16,
P=1.00; OR =0.92, 95%CI = 0.75-1.12, P = 0.40, and OR = 0.92, 95%CI = 0.76-1.10, P =
0.34, respectively). In subgroup analyses stratified by ethnicity, no noteworthy associations
were observed in Caucasians and Africans. The detailed data are presented in Table 2.
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Table 2. Meta-analysis of PTGS2 rs20417 and rs689470 polymorphisms and prostate cancer.

Genetic model Sample size Analysis Test of association P value for P value
(No. of studies) model heterogeneity (Egger test)
Case Control OR (95%CI) P
rs20417
Total (9)
CCvs GG (7) 7590 9151 F 1.00 (0.86-1.17) 0.96 0.38 0.411
CCvs GC+ GG (7) 10392 12495 F 1.00 (0.86-1.16) 1.00 0.47 0.422
CC+GCvs GG (9) 10700 13021 R 0.92 (0.75-1.12) 0.40 0.0005 0.579
CvsG(9) 21400 26042 R 0.92 (0.76-1.10) 0.34 0.0002 0.554
Caucasian (5)
CCvs GG (4) 7297 8859 F 1.01 (0.86-1.18) 0.90 0.62
CCvs GC+GG (4) 10033 12136 F 1.01 (0.86-1.18) 0.92 0.69
CC+GCvs GG (5) 10123 12226 F 1.02 (0,96-1.08) 0.52 0.55
CvsG(5) 20246 24452 F 1.02 (0.97-1.07) 0.55 0.52
African (3)
CCvs GG (3) 293 292 F 0.88 (0.42-1.84) 0.73 0.11
CC vs GC + GG (3) 359 359 F 0.86 (0.42-1.75) 0.67 0.15
CC+GCvs GG (3) 359 359 R 0.97 (0.27-3.43) 0.96 0.0001
CvsG(3) 718 718 R 0.98 (0.31-3.11) 0.97 <0.0001
rs689470
Total (5)
TT vs CC (5) 3879 3546 F 2.15(1.04-4.44) 0.04 0.56 0.355
TT vs CC +CT (5) 4087 3761 F 2.07 (1.07-4.03) 0.03 0.60 0.398
TT+ CT vs CC (5) 4087 3761 R 0.97 (0.71-1.33) 0.86 0.07 0.112
Tvs C(5) 8174 7522 R 1.02 (0.72-1.46) 0.90 0.01 0.403
Caucasian (4)
TT vs CC (4) 3829 3501 F 1.16 (0.30-4.54) 0.83 0.55
TTvs CC+CT (4) 3998 3673 F 1.17 (0.30-4.57) 0.82 0.56
TT+CTvs CC (4) 3998 3673 F 0.86 (0.69-1.07) 0.18 0.12
Tvs C(4) 7996 7346 F 0.86 (0.70-1.07) 0.18 0.11
OR = odds ratio; CI = confidence interval; R = random effect model; F = fixed effect model.
PTGS?2 rs689470

Five independent studies with a total of 4087 cases and 3761 controls were included
in the meta-analysis for the PTGS2 rs689470 polymorphism. There was no significant hetero-
geneity except in dominant model comparison and T vs C in the overall population. After sub-
group analyses by ethnicity, significant heterogeneity was effectively removed in Caucasians.
In overall population analyses, a significant effect on susceptibility to PCa was observed under
the additive model (OR = 2.15, 95%CI = 1.04-4.44, P = 0.04; Figure 1) and recessive model
(OR =2.07, 95%CI = 1.07-4.03, P = 0.03; Figure 2). There was no significant association be-
tween rs689470 polymorphism and PCa susceptibility when examining dominant contrast and
allelic contrast (OR =0.97, 95%CI =0.71-1.33, P=0.86; OR = 1.02, 95%CI = 0.72-1.46, P =
0.90). In subgroup analysis, no significant association with PCa risk was found in Caucasians.
The detailed data are presented in Table 2.

Cases Controls Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%Cl M-H, Fixed, 95%Cl|
Cheng-African, 2007 25 50 12 45 B20% 275[118,851]
Cheng Cau, 2007 1 308 1 402 97% 1.01[0.08 16.20)
Danforth-Nutri-Cau, 2008 11055 0 1086 48% 303([0.12 7456
Danforth-Pleo-Cay, 2008 11097 0 1321  44%  362[0.15,B68.84]
Shahedi-Cau, 2006 0 1278 1 712 188% D.18[001, 4.56]
Total (35%CI) 3879 3546 100.0% 2.15 [1.04, 4.44] e
Total events 28 14

Heterogeneity: Chi® = 2,90, df.= 4 (P = 0.56), 12 = 0%

Test for overall effect 2 = 2.07 (P = 0.04) onm 01 i 10 100

Figure 1. Forest plots of odds ratio with 95%CI (confidence interval) for the PTGS2 rs689470 polymorphism and
risk of prostate cancer in overall population (TT vs CC).
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Cases Controls Odds Ratie Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H. Fixed, 95%Cl
Cheng-African, 2007 25 es 12 g8 EB9.3% 247[115,531]
Cheng-Cau, 2007 1 418 1 #47 80% 1.00[0.06, 16.08]
Danforth-Nutri-Cau, 2008 1 1096 0 103 40% 302[012 74.26]
Danforth-Pleo- Cau, 2008 11143 0 1384 36% 364([0.15 8933
Shahed-Cau, 2006 0 1343 1 769 152% 0.18[0.0, 469]

Total (95%CI) 4087 3761 100.0% 2.07 [1.07. 4.03) —i—
Total events 28 14
Heterogeneity: Chi = 2.77, df= 4 (P = 0.60); I*= 0%
Test for overall effect Z=2.15 (P =003)

not 01 i 10 100

Figure 2. Forest plots of odds ratio with 95%CI (confidence interval) for the PTGS2 rs689470 polymorphism and
risk of prostate cancer in overall population (TT vs CC + CT).

Publication bias

Begg’s funnel plot and the Egger test were performed to assess publication bias. The
shape of the funnel plots did not reveal any evidence of obvious asymmetry in all comparison
models, and the Egger test was used to provide statistical evidence of funnel plot symmetry.
The results did not show any evidence of publication bias. The detailed data are shown in
Table 2.

DISCUSSION

Previous results suggested that single nucleotide polymorphisms are the most com-
mon sources of human genetic variation, and that they may contribute to an individual’s sus-
ceptibility to cancer (Wu et al., 2009). In recent years, interest in the genetic susceptibility
to cancers has led to a growing attention to the study of polymorphisms of genes involved
in tumorigenesis. Since the identification of PTGS2 rs20417 and rs689470 polymorphisms,
a growing number of studies suggested that the polymorphisms in the PTGS2 gene play im-
portant roles in the development of PCa. Epidemiological studies of the two polymorphisms
in PTGS?2, if large and unbiased, can provide insight into the in vivo relationship between the
gene and PCa risk. However, these studies have appeared in the literature either supporting or
refuting a significant association. Some reviewed studies are limited by their sample size and
consequently suffer from having a power too low to detect effects that may exist. However,
the pool ORs generated from a much larger population can increase the statistical power. Com-
bining data from many studies have the advantage of reducing random error (Ioannidis et al.,
2008). In order to provide a comprehensive and reliable conclusion, we performed the pres-
ent meta-analysis of 11 independent case-control studies, including 14,282 cases and 16,277
controls.

Several studies have examined the associations between PTGS2 polymorphisms and
other cancers. Meta-analysis results showed that the rs20417 polymorphism is significantly
associated with esophageal squamous cell carcinoma and adenocarcinoma susceptibility, es-
pecially in Asians (Liang et al., 2011). Similarly, the rs20417 polymorphism has been associ-
ated with an increased risk of colorectal cancer among Asian population (Cao et al., 2010).
The meta-analysis by Liu et al. (2010) suggested that the rs20417 polymorphism may be
associated with gastric cancer susceptibility. However, one meta-analysis suggested a lack of
association between the rs20417 polymorphism and breast cancer risk (Yu et al., 2010). In the
present meta-analysis, it was found that the rs20417 polymorphism is not a risk factor for PCa
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on the basis of all eligible studies. When stratifying for race, a consistent result was found. For
1s689470, our results indicated that the rs689470 is associated with PCa in the overall popula-
tion. However, no significant associations were found in Caucasians for all genetic models,
suggesting a possible role of ethnic differences in genetic backgrounds and the environment in
which they lived. There are many factors influencing the result, such as differences in popu-
lations, selection factors and so on. Considering the limited studies and population numbers
of Africans and Asians included in the meta-analysis, our results should be interpreted with
caution.

Heterogeneity is a potential problem when interpreting the results of the present me-
ta-analysis. In overall analysis, significant between-study heterogeneity existed in dominant
model comparison and allelic contrast. After subgroup analyses by ethnicity, the heterogeneity
was effectively removed in Caucasians. The reason may be that differences in genetic back-
grounds and the environment existed among different ethnicities.

Some limitations of this meta-analysis should be acknowledged. First, because only
published and English articles were included in the meta-analysis, publication and potential
English language biases might have occurred, even though it was not determined by the use
of statistical tests. Second, although most of the controls were selected mainly from healthy
populations, the result should be cautiously interpreted because controls were not uniformly
defined. Third, in the subgroup analyses, the number of Asians and Africans was relatively
small, where there was not enough statistical power to explore the true association. It is quite
important to have more studies and samples of Asians and Africans in the future, so that
a more precise conclusion about the associations between rs20417 and rs689470 polymor-
phisms and PCa risk can be achieved. Fourth, our results were based on unadjusted estimates,
while a more precise analysis should be conducted if individual data were available, which
would allow for an adjustment estimate by confounding factors.

In conclusion, significant associations were not detected between rs20417 and the
risk of PCa in the overall population, Caucasians and Africans. For rs689470 polymorphism,
our meta-analysis suggests that there is an association between rs689470 polymorphism and
increased PCa risk in the overall population, but not in Caucasians. Due to the limitations in
this analysis noted above, it is critical that larger and well-designed multicenter studies be
conducted to confirm our results.
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