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Abstract: Background: Genetic variation of SNPs in the PTGS2 gene is reported to be capable of creating tissue
milieu favoring tumorigenesis. Some studies have implicated the common SNP rs20417 has association with PCa
risk, while others showed reverse results. The study was performed with an aim to reconcile the existing contro-
versy by performing a meta-analysis. Methods: We searched databases of Embase and PubMed and identified 8
publications fulfilling the specified inclusion criteria. X>-based Q-test and I? statistic were quantified to measure the
heterogeneity across studies. The pooled ORs and 95% Cls were calculated to estimate the association between
SNP rs20417 and PCa risk. Results: Based on an enlarged sample size by combining the data from published
meta-analyses and those missed in them, the results of the present meta-analysis revealed the association of SNP
rs20417 and overall PCa risk was not significant. Subgroup analyses according to ethnicity and source of controls
did not show any significant results, either. Conclusions: The meta-analysis suggests that the presence of SNP
rs20417 is unlikely to be associated with PCa risk. Our understanding of the genetic risk for PCa should be further
expanded and refined through future research in a much larger number of participants.
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Introduction

Prostate cancer (PCa) is one of the most fre-
quently diagnosed malignancies and a major
cause of morbidity and mortality in men world-
wide, ranking the first in European countries
and the last in Southern/Eastern Asia [1, 2].
The aggressive malignancy favors the men who
are over the age of fifty in particular [3]. Adv-
ances achieved in chemotherapy, radiotherapy
and surgical techniques fail to effectively pre-
clude the onset of PCa, for the cancer cells may
metastasize from the prostate to other parts of
the body, particularly the bones and lymph
nodes and consequently become resistant to
hormone treatment [4-6]. As compared with
men with no family history, evidence from relat-
ed reports reveals those with one first-degree
relative and two first-degree relatives affected
by PCa respectively have two times and five
times higher risk of suffering such cancer [7].
These data suggest a central role of genetic
susceptibility in PCa predisposition.

Prostaglandin endoperoxide synthase 2 (PTG-
S2, also known as cyclooxygenase-2, COX-2) at
human chromosome 1925.2-eq25.3 having 10
exons and spanning 8 kb is a candidate gene
for PCa susceptibility [8, 9]. PTGS2 catalyzes
the rate-limiting steps in prostanoid biosynthe-
sis and its expression is under the control of
several extracellular stimuli including growth
factors, cytokines and tumor promoters at both
transcriptional and post-transcriptional levels
[10]. A panel of investigations has documented
the involvement of PTGS2 in cell proliferation,
apoptosis, immune suppression, tumor pro-
gression, and metastasis [11-14]. PTGS2 over
expresses in rheumatoid arthritis and various
human cancers, such as colorectal cancer, br-
east cancer [10], head and neck carcinoma
[12], and PCa [15-18] compared to benign tis-
sue from the same patients.

To date, many common single nucleotide poly-
morphisms (SNPs) of PTGS2 (rs2745557, rs-
689470, rsb5277, rsb275, rs20432, rs20417)
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Figure 1. Flow chart shows literature search for relevant studies about the association between SNP rs20417 and

risk of prostate cancer (PCa).

Table 1. Main characteristics of all studies for PTGS2 rs20417 polymorphism included in meta-analy-

SIS

) . Total sample )
First author  Year Study population Genotyping method Source HWE

Cases Controls

Panguluri 2004 USA/African 270 271 Direct sequencing Population <0.10
Panguluri 2004 USA/Caucasian 90 90 Direct sequencing Hospital NE
Cheng 2007 USA/African 89 88 TagMan Not detailed 0.61
Cheng 2007 USA/Caucasian 416 417 TagMan Population 0.98
Dossus 2009 USA/Caucasian 7975 8566 GoldenGate IBA Population 0.01
Murad 2009 UK/Caucasian 1592 3028 PCR TagMan Population 0.53
Balistreri 2010 Italy/Caucasian 50 125 PCR-RFLP Population 0.19
Mandal 2011 India/Asian 195 250 PCR-RFLP Hospital 0.01
Wu 2011 China/Asian 218 436 PCR Population 0.06
Catsburg 2012 USA/Caucasian 1431 756 TagMan Population 0.21

PCR: polymerase chain reaction; PCR-RFLP: PCR-restriction fragment length polymorphism; IBA: Illumina BeadArrayTM; HWE:

Hardy-Weinberg equilibrium; NE: not estimated.

have been studied in extensive research on
PCa [19-21]. Of these, SNP rs20417 has rec-
eived more favorable observations concerning
the association between this SNP and PCa risk.
A study of Caucasian and African descendants
found an increased PCa risk in the latter popu-
lation [22]. This discovery, however, was not
replicated in a later case-control study, where a
larger number of subjects were enrolled [23].
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Similar inconsistent results were also present-
ed in several other studies looking at the asso-
ciation [24-26].

Given the increasing attention directed to the
association of rs20417 polymorphism and PCa
risk, we undertook the present study with two
aims: (1) to reconcile the existing controversy
by performing a meta-analysis of comprehen-
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sive data gathered from published meta-analy-
ses and electronic databases; (2) to identify
whether there was significant heterogeneity
undermining the association.

Materials and methods
Publication search

A literature search of Embase and PubMed was
performed to identify all papers regarding PCa
risk connected with SNP rs20417 using the
keywords including prostaglandin endoperox-
ide synthase 2, PTGS2, cyclooxygenase-2, COX-
2,-765G > C, -899G > C, rs20417, polymorphi-
sm, polymorphisms and prostate cancer. The
publications available for this meta-analysis
were not restricted to any language. To ensure
all data on this topic were included, we addi-
tionally checked the citations of all potentially
relevant papers.

Inclusion criteria

The studies were selected for the meta-analy-
sis as long as they fulfilled the criteria that a
case-control study assessing the association
between SNP rs20417 and PCa risk and that
the study was published before March 15,
2014 with available genotype frequency which
could help infer the results of the papers.

Data extraction

Two independent investigators carried out the
data extraction in duplicate using a standard
protocol to ensure the accuracy of the data.
The following characteristics collected from
each study were first author, year of publica-
tion, ethnicity/race (Caucasian, Asian, African),
country origin, source of controls (hospital-/
population-based), genotyping methods, and
genotype frequency. For the studies used the
same case series, the most recent or the larg-
est study with complete data was finally incl-
uded.

Statistical methods

The strength of association between SNP
rs20417 and PCa risk was estimated by odds
ratios (ORs). Meanwhile, a sense of the preci-
sion of the estimate was presented by 95%
confidence intervals (Cls). The pooled ORs and
95% Cls were calculated under an assumption
of CC contrast GG, CC + GC contrast GG, CC
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contrast GC + GG, C contrast G and GC contrast
GG. Analyses in total samples and subgroups of
ethnicity and control source were independent-
ly performed for each comparison. The good-
ness-of-fit X>-test was used to examine devia-
tion of genotype frequencies in controls from
Hardy-Weinberg equilibrium (HWE), with a P-
value < 0.05 being considered significant. All
statistics of this meta-analysis were analyzed
with Stata software (version 12.0, StataCorp
LP, College Station, TX, USA).

X?-based Q-test was used to measure between-
study heterogeneity. Also, I? statistic was quan-
tified to check the heterogeneity assumption
[27]. A P-value greater than 0.05 and I less
than 50% suggests absence of obvious hetero-
geneity across studies and the summary OR
estimate of each study was calculated by the
fixed-effects model (the Mantel-Haenszel me-
thod). On the contrary, the random-effects mo-
del (the DerSimonian and Laird method) was
performed [28, 29].

With an aim to check if there was any signifi-
cant influence from each single study on total
results, we conducted sensitivity analyses.
Publication bias was estimated with funnel
plots and Egger’s tests. An symmetric plot and
P value > 0.05 for Egger’s tests indicate no sig-
nificant publication bias [30].

Results
Characteristics of included studies

After electronic and manual search combined
with rigorous selection according to pre-speci-
fied inclusion criteria, a total of 8 publications
[22-26, 31-34] were eligible for inclusion of this
meta-analysis (Figure 1). Among these, Pan-
guluri et al. and Cheng et al. [22, 23] presented
usable data for subjects of African and Cau-
casian ancestry, thus this meta-analysis includ-
ed 10 studies in total, providing 12,326 PCa
cases and 14,027 PCa-free controls.

Table 1 lists the main characteristics extracted
from the identified publications. Three different
ethnic populations from ten studies consisting
of two studies for Africans, two for Asians and
six for Caucasians were collected to summarize
the pooled results. Most studies were popula-
tion-based, accounting for seventy percent.
The genotype distribution for control subjects

Int J Clin Exp Med 2015;8(11):20454-20462



rs20417 polymorphism and prostate cancer risk

Table 2. Results of meta-analysis for PTGS2 rs20417 polymorphism and PCa risk

Main effects of rs20417

Study groups Comparisons polymorphism on PCa risk Analysis Total (case/
model control)
OR (95% Cl) P, 12 (%)
All 10 12326/14027
CCvs. GG 9 1.00 (0.87, 1.15) 0.962 0 Fixed
CC + GC vs. GG 10 1.01 (0.96, 1.06) 0.585 0 Fixed
CCvs. GC + GG 9 0.99 (0.86, 1.14) 0.952 0 Fixed
Cvs.G 10 1.01 (0.96, 1.06) 0.542 0 Fixed
GC vs. GG 10 1.01 (0.96, 1.07) 0.528 0 Fixed
Ethnicity 359/359
African 2
CCvs. GG 2 0.93 (0.44, 1.95) 0.616 0 Fixed
CC + GC vs. GG 2 0.95 (0.66, 1.35) 0.721 0 Fixed
CCvs. GC + GG 2 0.89 (0.43, 1.82) 0.528 0 Fixed
Cvs.G 2 0.94 (0.69, 1.29) 0.919 0 Fixed
GC vs. GG 0.94 (0.64, 1.39) 0.564 0 Fixed
Caucasian 6 11554/12982
CCvs. GG 5 1.01 (0.87, 1.17) 0.821 0 Fixed
CC + GCvs. GG 6 1.02 (0.96, 1.07) 0.854 0 Fixed
CCvs. GC + GG 5 1.00 (0.87, 1.16) 0.848 0 Fixed
Cvs.G 6 1.01 (0.97, 1.06) 0.789 0 Fixed
GC vs. GG 6 1.02 (0.96, 1.07) 0.858 0 Fixed
Asian 2 413/686
CCvs. GG 1 0.85 (0.34, 2.10) . . Fixed
CC + GCvs. GG 2 0.88 (0.65, 1.19) 0.031 78.6 Fixed
CCvs. GC + GG 1 0.79 (0.32, 1.94) . . Fixed
Cvs.G 2 0.87 (0.66, 1.06) 0.033 77.9 Fixed
GC vs. GG 2 0.89 (0.64, 1.22) 0.023 80.7 Fixed
Source of controls
Population 7 11952/13599
CCvs. GG 6 1.01(0.87, 1.17) 0.902 0 Fixed
CC + GCvs. GG 7 1.01 (0.96, 1.06) 0.424 0 Fixed
CCvs. GC + GG 6 1.01 (0.87, 1.16) 0.917 0 Fixed
Cvs.G 7 1.01 (0.96, 1.06) 0.363 8.6 Fixed
GC vs. GG 7 1.01 (0.95, 1.06) 0.403 3.0 Fixed
Hospital 2 285/340
CCvs. GG 1 0.85 (0.34, 2.10) . . Fixed
CC + GCvs. GG 2 1.19(0.81, 1.75) 0.349 0 Fixed
CCvs. GC + GG 1 0.79 (0.32, 1.94) . . Fixed
Cvs.G 2 1.13(0.80, 1.58) 0.331 0 Fixed
GC vs. GG 2 1.27 (0.84, 1.91) 0.369 0 Fixed

of three studies was in disagreement with HWE
[22, 24, 32].

Main meta-analysis results
As shown in Table 2, when pooling all studies
into the meta-analysis, we did not find statisti-

cally significant results between SNP rs20417
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and risk of PCa either at genotypical level or at
allele level (CC vs. GG, OR, 1.00, 95% CI 0.87 to
1.15; CC + GCvs. GG, OR, 1.01, 95% CI 0.96 to
1.06; CCvs. GC + GG, OR, 0.99, 95% CI 0.86 to
1.14; C vs. G, OR, 1.01, 95% Cl 0.96 to 1.06;
GC vs. GG, OR, 1.01, 95% CI 0.96 to 1.07).
Moreover, we found no statistical evidence that
PCa risk was modified by SNP rs20417 when
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Study %
) OR (95% Cl) Weight
African
Panguluri (2004) + 1.18 (0.36, 3.92) 1.29
Cheng (2007) 0.80 (0.31, 2.07) 249
Subtotal (l-squared = 0.0%, p = 0.616) <> 0.93 (0.44, 1.95) 3.78
Caucasian
Cheng (2007) - 0.64 (0.25, 1.68) 277
Dossus (2009) —— 1.04 (0.87, 1.24) 64.46
Murad (2009) 0.99 (0.67, 1.49) 12.38
Balistreri (2010) - I 0.64 (0.20, 2.10) 1.94
|
Catsburg (2012) 0.99 (0.66, 1.50) 11.99
Subtotal (I-squared = 0.0%, p = 0.821) <> 1.01 (0.87,1.17) 93.54
Asian
Mandal (2011) 0.85 (0.34, 2.10) 268
Subtotal (I-squared = %, p =) <> 0.85 (0.34, 2.10) 268
Overall (l-squared = 0.0%, p = 0.962) <> 1.00 (0.87, 1.15) 100.00
T T
198 1 5.05

Figure 2. Forest plot shows association between SNP rs20417 and risk of PCa by CC vs. GG genetic model. Cl: con-

fidence interval; OR: odds risk.

the general population was subgrouped accord-
ing to ethnic origin and source of controls.

Heterogeneity test

Since the results from X?-based Q-test together
with I? statistic showed no significant heteroge-
neity among the studies, we performed the
fixed-effects model for OR estimate of all stud-
ies (Table 2; Figures 2, 3).

Sensitivity analyses

We performed sensitivity analyses by repeated
meta-analyses based on the data composed of
nine studies (one study was excluded in each
analysis). Although significant departure was
revealed in the control subjects of several stud-
ies, we did not observe any quantitative modifi-
cation occurring in pooled results, suggesting
our findings were statistically credible.

Publication diagnosis

We diagnosed the publication bias with Begg’s
funnel plot and Egger’s test. The shapes of the
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funnel plots demonstrated no evidence of obvi-
ous asymmetry (Figure 4). In addition, Egger’s
test provided statistical evidence of funnel plot
symmetry (CC + GC vs. GG, Begg, P = 0.592;
Egger, P = 0.915).

Discussion

Genetic sequence variation resulting from
SNPs is known to be a common event in human
genome, with the total number of SNPs report-
ed in public SNP databases currently exceeding
9 million [35]. The normal coding and splicing
activities of sequences affected by the varia-
tion could lead to cancer susceptibility in popu-
lations of various ancestries [36, 37]. The
inducible enzyme PTGS2 converting arachidon-
ic acid to prostaglandins is expressed during
prostatic inflammation. Chronic inflammation
has been suggested to be corrected with the
pathophysiology of PCa. The development of
the malignancy is promoted by an inflammatory
microenvironment through up-regulating PTG-
S2, whose induction may be linked to pro-
infammatory cytokines released by adjacent
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Study %
ID OR (95% Cl) Weight
African
Panguluri (2004) —— 0.89 (0.53, 1.49) 1.04
Cheng (2007) 1.01 (0.62, 1.64) 1.10
Subtotal (I-squared = 0.0%, p = 0.721) <> 0.95 (0.66, 1.35) 2.14
Caucasian
Panguluri (2004) + 5.00 (0.24, 105.61)  0.02
Cheng (2007) - 0.99 (0.74, 1.31) 3.29
Dossus (2009) . 1.01 (0.95, 1.08) 65.41
Murad (2009) + 1.04 (0.92, 1.18) 16.26
Balistreri (2010) —o-f— 0.79 (0.43, 1.46) 0.81
Catsburg (2012) - 1.04 (0.87, 1.23) 9.02
Subtotal (l-squared = 0.0%, p = 0.854) ) 1.02 (0.96, 1.07) 94.80
Asian
Mandal (2011) —— 1.15(0.78, 1.70) 1.62
Wu (2011) —_— 0.56 (0.33, 0.95) 1.43
Subtotal (I-squared = 78.6%, p = 0.031) <> 0.88 (0.65, 1.19) 3.05
Overall (I-squared = 0.0%, p = 0.585) ) 1.01 (0.96, 1.06) 100.00
T T
.00947 1 106

Figure 3. Forest plot shows association between SNP rs20417
confidence interval; OR: odds risk.

Begg's funnel plot with pseudo 95% confidence limits
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Figure 4. Funnel plots for association studies between SN
rs20417 and risk of PCa under CC + GC vs. GG genetic model.

inflammatory cells [38]. Genetic variation of
SNPs in the PTGS2 gene determines pro-
inflammatory genotypes, responsible for medi-
ating the risk state of chronic inflammation and
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and risk of PCa by CC + GC vs. GG genetic model. Cl:

tissue damage and capable of producing
tissue milieu favoring tumorigenesis [31].

The involvement of SNPs in the PTGS2
gene in inflammatory process directly
associated with carcinogenesis has led a
number of investigators to concentrate
on their associations with PCa progres-
sion. A recent investigation conducted on
218 patients with prostate cancer and
436 healthy controls in central Taiwan
demonstrated SNP rs20417 may be used
as biomarker for early detection of PCa,
with GG genotype conferring higher risk
than GC genotype [26]. However, this
finding was not supported by a subse-
quent larger replication study consisting
of 1,431 cases and 756 controls [34]. In
such a case, we decided to perform a meta-
analysis to derive a summary estimate of the
overall effect between SNP rs20417 and PCa
risk.

P
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In the present meta-analysis of eight SNP
rs20417 publications totaling 12,326 PCa
cases and 14,027 PCa-free controls, we found
no significant association of SNP rs20417 and
overall risk of PCa. The subsequent subgroup
analyses also did not show this SNP was a risk
factor for developing PCa. Nevertheless, a most
recent study examining cancer risk in correla-
tion with SNP rs20417 found the C allele was
related to increased cancer susceptibility,
especially gastric cancer in the Asian popula-
tion [39]. Since the molecular mechanism dif-
fers substantially from cancer to cancer, and
the inflammation status may be distinct in vari-
ous cancers, leading to varying degrees of
genetic predisposition of the same SNP to
cancer.

Over the past decades, in an attempt to devel-
op accurate, rapid, and cost-effective technolo-
gies for SNP analysis, a great deal of effort has
been devoted. The detection and identification
of SNPs are performed by using a variety of
genotyping methods, which should be employed
according to the number of subjects recruited
and SNPs to be analyzed [35]. In our meta-anal-
ysis, the independent studies adopted various
genotyping methods, some of which may inap-
propriately used when genotyping SNPs, conse-
quently introducing heterogeneity and devia-
tion from HWE. Although the two factors did not
significantly alter the overall results in our
meta-analysis, we cannot exclude the possibil-
ity that they have potential contributions to the
null findings. In addition, this study analyzed
the subjects of African descent, Asian descent
and Caucasian descent, but the total samples
of former two ethnicities are relatively small,
which may limit the statistical power of the
findings.

In spite of the limitations, based on an enlarged
sample size by combining the data from pub-
lished meta-analyses and those missed in
them, our meta-analysis indicated that SNP
rs20417 of the PTGS2 gene was not associat-
ed with PCa risk. Future research in a much
larger number of participants is needed to fur-
ther confirm the association between SNP
rs20417 and PCa risk and to expand and refine
our understanding of the genetic risk for PCa.
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