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Abstract

Background: Many published data on the association between single nucleotide polymorphisms (SNPs) in the ESR1 gene
and prostate cancer susceptibility are inconclusive. The aim of this Human Genome Epidemiology (HuGE) review and meta-
analysis is to derive a more precise estimation of this relationship.

Methods: A literature search of PubMed, Embase, Web of Science and Chinese Biomedical (CBM) databases was conducted
from their inception through July 1st, 2012. Crude odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to
assess the strength of association.

Results: Twelve case-control studies were included with a total 2,165 prostate cancer cases and 3,361 healthy controls.
When all the eligible studies were pooled into the meta-analysis, ESR1 PvuII (C.T) and XbaI (A.G) polymorphisms showed
no association with the risk of prostate cancer. However, in the stratified analyses based on ethnicity and country, the
results indicated that ESR1 PvuII (C.T) polymorphism was significantly associated with increased risk of prostate cancer
among Asian populations, especially among Indian population; while ESR1 XbaI (A.G) polymorphism may significantly
increase the risk of prostate cancer among American population. Furthermore, we also performed a pooled analysis for all
eligible case-control studies to explore the role of codon 10 (T.C), codon 325 (C.G), codon 594 (G.A) and +261G.C
polymorphisms in prostate cancer risk. Nevertheless, no significant associations between these polymorphisms and the risk
of prostate cancer were observed.

Conclusion: Results from the current meta-analysis indicate that ESR1 PvuII (C.T) polymorphism may be a risk factor for
prostate cancer among Asian populations, especially among Indian population; while ESR1 XbaI (A.G) polymorphism may
increase the risk of prostate cancer among American population.
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Introduction

Prostate cancer is the second most frequently diagnosed cancer

and the sixth leading cause of cancer deaths in males. It accounted

for 14% (903,500) of the total new cancer cases and 6% (258,400)

of the total cancer deaths in males in 2008 [1]. Generally, prostate

cancer is known to be a multifactorial disease induced by complex

interactions between environmental and genetic factors [2].

Hormonal factors also play a fundamental role in the progression

of prostate cancer through estrogen synthesis, metabolism and

signal transduction pathways [3]. In the last decade, evidences

point to genetic factors, such as variations in hormonal gene, as the

key players in prostate cancer development. Currently, a wide

range of genes have been identified have some risk associations

with prostate cancer, such as AR, CYP17/19, NOS, PSA, ESR1/

2, etc [4–12].

Estrogen receptor 1 (ESR1) is located on chromosome 6, locus

6p25.1 and spans approximately 300 kb in length, including 8

exons and 7 introns [13]. ESR1 functions as a ligand-activated

transcription factor composed of several domains important for

hormone binding, DNA binding, as well as activation of

transcriptions; it can also interact with estrogens receptors to

stimulate proliferation of mammary epithelial tissue and alter the

expression of downstream genes [14]. Generally, ESR1 is

implicated in prostate cancer susceptibility by stimulating aberrant

prostate growth, controlling prostate cell growth and program-

ming prostate cell death [15]. Recently, several ESR1 gene

polymorphisms have been identified as candidates for prostate

cancer susceptibility and among these, ESR1 PvuII (rs2234693

C.T) and XbaI (rs9340799 A.G) polymorphisms were suggested

to possess significant associations with the development of prostate

cancer. Both PvuII and XbaI can affect ESR1 transcription

activity and possibly contribute to the elevated risk of prostate

cancer [3,6,16], but the exact effects of ESR1 gene mutations on

prostate epithelial cells are still debated despite the fact that

estrogen is already used in treatming prostate cancer due to its

growth-inhibitory effects [17]. A recent case-control study

observed no associations between the selected genetic polymor-

phisms of ESR1 and prostate cancer risk [14]. Sun et al also

suggested that common genetic variations in ESR1 did not
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strongly correlate with prostate cancer aggressiveness and they also

indicated that the polymorphisms of ESR1 may have no biological

functions [5]. The inconsistent conclusions to link ESR1 gene

mutations with the risk of prostate cancer may be due to the

limitations in sample size in the corresponding investigations, of in

the inadequate statistical power in genetic studies of complex

traits, like age, ethnicity, gender, the histological type, differenti-

ation on tumor stage and research methodology [16]. Therefore,

we performed a meta-analysis of all eligible case-control studies

with prostate cancer risk and aimed to reveal a more precise

relationship between ESR1 gene polymorphisms and prostate

cancer susceptibility. Such relationship will shed light on a

comprehensive functional profiling of ESR1 gene for better

understanding of the biological processes associated with prostate

cancer formation and progression [17]. Furthermore, identifica-

tion of common polymorphisms in the ESR1 gene may be useful

in early diagnosis of prostate cancer, allowing patients to receive

timely and effective anti-cancer therapies.

Materials and Methods

Literature search
Relevant papers published before July 1th, 2012 were identified

through a literature search in PubMed, Embase, Web of Science

and Chinese Biomedical (CBM) databases using the following

terms: (0genetic polymorphism0 or 0polymorphism0 or 0SNP0 or

0single nucleotide polymorphism0 or 0gene mutation0 or 0genetic

variants0) and (0prostatic neoplasms0 or 0prostate neoplasm0 or

0prostate cancer0 or 0prostatic cancer0) and (0estrogen receptor

alpha0 or 0estradiol receptor alpha0 or 0ER alpha0 or 0Estrogen

Receptor 10 or 0ESR10). The references from the eligible articles

or textbooks were also manually searched to find other potential

studies. Disagreements were resolved through discussions between

the authors.

Inclusion and Exclusion Criteria
Studies included in our meta-analysis have to meet the following

criteria: (a) case-control studies or cohort studies focused on

associations between ESR1 gene polymorphisms and prostate

cancer susceptibility; (b) all patients diagnosed with prostate cancer

should be confirmed by pathological or histological examinations;

(c) published data about the frequencies of alleles or genotypes

must be sufficient; (d) studies were published in English or Chinese.

Studies were excluded when they were: (a) not a case-control study

or a cohort study; (b) duplicates of previous publications; (c) based

on incomplete data; (d) meta-analyses, letters, reviews or editorial

articles. If more than one study by the same author using the same

case series were published, either the studies with the largest

sample size or the most recently published study was included. The

supporting PRISMA checklist is available as supporting informa-

tion; see Supplement S1.

Data Extraction
Using a standardized form, data from published studies were

extracted independently by two authors. The following informa-

tion were extracted from each article: the first author, year of

publication, country, language, ethnicity, study design, numbers of

subjects, source of cases and controls, detecting sample, genotype

method, allele and genotype frequencies, and evidence of Hardy-

Weinberg equilibrium (HWE) in controls. An attempt was made to

contact authors if data presentation was incomplete or if it was

necessary to resolve an apparent conflict or inconsistency in the

article. In case of conflicting evaluations, disagreements were

resolved through discussion between the authors.

Quality assessment of included studies
Two authors independently assessed the quality of papers

according to the modified STROBE quality score systems [18].

Forty assessment items related to the quality appraisal were used in

this meta-analysis with scores ranging from 0 to 40. Scores of 0–

20, 20–30 and 30–40 were defined as low, moderate and high

quality, respectively. Disagreements were also resolved through

discussion between the authors. The supporting modified

STROBE quality score systems is available in Supplement S2.

The methodological quality of all eligible studies was also

evaluated using the Newcastle-Ottawa Scale (NOS) [19]. The

NOS criteria uses a ‘‘star’’ rating system to judge methodological

quality, which was based on three perspectives of the study:

selection, comparability, and exposure. Scores, ranged from 0 stars

(worst) to 9 stars (best), equal to or higher than 7 indicated that the

methodological quality was generally good. The supporting NOS

quality assessment scale is available in Supplement S3.

Statistical Analysis
The association strength between ESR1 gene polymorphisms

and prostate cancer susceptibility was measured by odds ratios

(ORs) and 95% confidence intervals (CIs) under five genetic

models: allele model (mutant [M] allele versus wild [W] allele),

dominant model (WM+MM versus WW), recessive model (MM

versus WW+WM), homozygous model (MM versus WW), and

heterozygous model (MM versus WM). The statistical significance

of the pooled OR was examined using the Z test. Between-study

heterogeneities were estimated using Cochran’s Q-statistic with a

P,0.05 as statistically significant heterogeneity [20]. We also

quantified the effect of heterogeneity using the I2 test (ranged from

0 to 100%), which represents the proportion of inter-study

variability that can be contributed to heterogeneity rather than

to chance [21]. When a significant Q-test has P,0.05 or I2 .

50%, it indicates that heterogeneity among studies existed and the

random effects model (DerSimonian Laird method) was conducted

for meta-analysis; otherwise, the fixed effects model (Mantel-

Haenszel method) was used. To establish the effects of heteroge-

neity based on the results from the meta-analyses, we also

performed subgroup analysis by ethnicity, country, source of

controls, and genotype methods. We tested whether genotype

frequencies of controls were in HWE using the x2 test. Sensitivity

analysis was performed through omitting each study in order to

assess the quality and consistency of the results. Begger’s funnel

plots and Egger’s linear regression test were used to evaluate

publication bias [22]. All tests were two-sided and a P value

of,0.05 was considered statistically significant. All analyses were

calculated using the STATA software, version 12.0 (Stata Corp,

College Station, TX, USA).

Results

The characteristics of included studies
According to the inclusion criteria, 12 case-control studies

[4,12,23–32] were included were excluded in this meta-analysis.

The flow chart that displays the study selection process is shown in

Figure 1. A total of 2,165 prostate cancer cases and 3,361 controls

were included in this meta-analysis. The publication year of

involved studies ranged from 2001 to 2011. All patients diagnosed

with prostate cancer were also confirmed by histopathological

examinations. Four studies used hospital-based controls, while the

other eight studies used population-based controls (community

populations). Among these studies, four studies were performed in

Caucasian populations, seven studies in Asian populations and one

study in mixed populations. Tissue samples were used for
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genotyping in three studies, while the rest used blood samples for

genotyping. Various genotype methods were used among these

studies, including polymerase chain reaction-single strand confor-

mation polymorphism (PCR-SSCP), denaturing high performance

liquid chromatography (DHPLC), direct DNA sequencing, Taq-

man, and PCR-restriction fragment length polymorphism (PCR-

RFLP). Six single nucleotide polymorphisms (SNPs) in the ESR

gene were considered, including PvuII (rs2234693 C.T), XbaI

(rs9340799 A.G), codon 10 (rs2077647 T.C), codon 325

(rs1801132 C.G), codon 594 (rs2228480 G.A) and +261G.C

(rs746432 G.C); and among these, PvuII (C.T) and XbaI

(A.G) polymorphism were the most common SNPs. Genotype

frequencies among the controls were consistent with the Hardy-

Weinberg equilibrium (HWE) test, except for four studies

[25,29,31,32]. The characteristics and methodological quality of

the included studies are summarized in Table 1.

Association between ESR1 PvuII (C.T) polymorphism
and prostate cancer risk

A summary of the meta-analysis findings on the association

between ESR1 PvuII (C.T) and prostate cancer risk is provided

in Table 2. Ten studies involved the correlations between ESR1

PvuII (C.T) polymorphism and prostate cancer risk. The

heterogeneity obviously existed under four genetic models (all

P,0.05), which might be a result of the difference in ethnicity,

country, source of controls and genotype methods, so random

effects model was conducted to pool the results. The meta-analysis

results showed that ESR1 PvuII (C.T) polymorphism is not

linked to the risk of prostate cancer under all genetic models (T

allele vs. C allele: OR = 1.10, 95%CI: 0.91–1.33, P = 0.332; TT

+ TC vs. CC: OR = 1.05, 95%CI: 0.91–1.21, P = 0.478; TT vs.

CC + CT: OR = 1.21, 95%CI: 0.87–1.69, P = 0.255; TT vs. CC:

OR = 1.26, 95%CI: 0.85–1.86, P = 0.256; TT vs. CT: OR = 1.19,

95%CI: 0.87–1.61, P = 0.277; respectively). In the stratified

Figure 1. Flow chart of literature search and study selection.
doi:10.1371/journal.pone.0066999.g001
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analysis by ethnicity, ESR1 PvuII (C.T) is significantly correlated

with increased risk of prostate cancer among Asian populations (T

allele vs. C allele: OR = 1.28, 95%CI: 1.05–1.57, P = 0.015; TT +
TC vs. CC: OR = 1.23, 95%CI: 1.01–1.49, P = 0.039; TT vs. CC

+ CT: OR = 1.59, 95%CI: 1.10–2.30; P = 0.016; TT vs. CC:

OR = 1.77, 95%CI: 1.16–2.72, P = 0.009; TT vs. CT: OR = 1.49,

95%CI: 1.06–2.09, P = 0.023; respectively) (Figure 2). However,

similar associations were not observed among Caucasian and

African populations (all P . 0.05). Further subgroup analysis

based on country suggested that ESR1 PvuII (C.T) may be

associated with increased risk of prostate cancer among Indian

population (T allele vs. C allele: OR = 1.37, 95%CI: 1.13–1.67,

P = 0.001; TT + TC vs. CC: OR = 1.34, 95%CI: 1.01–1.78,

P = 0.040; TT vs. CC + CT: OR = 2.06, 95%CI: 1.37–3.09,

P,0.001; TT vs. CC: OR = 2.27, 95%CI: 1.46–3.53, P,0.001;

TT vs. CT: OR = 1.93, 95%CI: 1.26–2.94, P = 0.002; respective-

ly) (Figure 3), but similar results were not found among American

or Japanese populations (all P.0.05). Subgroup analyses based on

source of controls and genotype methods, we also found no

correlations between ESR1 PvuII (C.T) and the risk of prostate

cancer (all P.0.05) (shown in Table 2).

Association between ESR1 XbaI (A.G) polymorphism
and prostate cancer risk

As shown in Table 3, the findings of this meta-analysis on the

correlation between ESR1 XbaI (A.G) and prostate cancer risk

are summarized. The associations between ESR1 XbaI (A.G)

polymorphism and prostate cancer risk were investigated in six

studies. The heterogeneity was not obvious under all genetic

models (all P.0.05), so fixed effects model was used. No

associations were found between ESR1 XbaI (A.G) polymor-

phism and prostate cancer risk under any genetic models (G allele

vs. A allele: OR = 1.09, 95%CI: 0.98–1.22, P = 0.118; GG + AG

vs. AA: OR = 1.14, 95%CI: 0.98–1.34, P = 0.089; GG vs. AA +
AG: OR = 1.08, 95%CI: 0.86–1.34, P = 0.523; GG vs. AA:

OR = 1.19, 95%CI: 0.92–1.55, P = 0.174; GG vs. AG:

OR = 1.03, 95%CI: 0.82–1.30, P = 0.797; respectively). In the

subgroup analysis based on ethnicity, the results indicated that

ESR1 XbaI (A.G) polymorphism might significantly increase the

risk of prostate cancer among African populations (G allele vs. A

allele: OR = 1.60, 95%CI: 1.00–2.57, P = 0.049; GG + AG vs. AA:

OR = 2.15, 95%CI: 1.12–4.13, P = 0.022; respectively), but not

enough reliability was established due to the estimation of effect

size from a single study [26]. Nevertheless, ESR1 XbaI (A.G)

polymorphism did not show any statistical association with the risk

of prostate cancer among Caucasian and Asian populations (all

P.0.05) (Figure 4). Results from the subgroup analysis by country

showed that ESR1 XbaI (A.G) polymorphism was slightly

correlated with increased risk of prostate cancer among American

population under the allele model (G allele vs. A allele: OR = 1.14,

95%CI: 1.00–1.30, P = 0.045), but not among Japanese and

Indian populations. We also performed stratified analyses based on

source of controls and genotype methods. The pooled analyses

showed that ESR1 XbaI (A.G) polymorphism might be

Figure 2. Subgroup analysis by ethnicity of ORs with a random-effects model for associations between ESR1 PvuII (C.T)
polymorphism and prostate cancer risk under dominant model (TT + TC vs. CC).
doi:10.1371/journal.pone.0066999.g002
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associated with increased risk of prostate cancer in population-

based and PCR-RFLP subgroups. However, similar associations

were not found in hospital-based and Taqman or PCR-SSCP

subgroups (as shown in Table 3).

Association between other SNPs in ESR1 gene and
prostate cancer risk

Moreover, we also performed a pooled analysis for all eligible

case-control studies to explore the role of ESR1 codon 10 (T.C),

codon 325 (C.G), codon 594 (G.A) and +261G.C polymor-

phisms in prostate cancer susceptibility. However, no significant

association between these SNPs and the risk of prostate cancer was

observed (all P,0.05) (as shown in Supplement S4).

Sensitivity analysis
Sensitivity analysis was performed to assess the influence of each

individual study on the pooled ORs by omission of individual

studies. The analysis results suggested that no individual studies

significantly affected the pooled ORs in both ESR1 PvuII (C.T)

and XbaI (A.G) polymorphisms under the dominant model (as

shown in Supplement S5). In addition, we also performed a

sensitivity analysis by excluding four studies that deviated

significantly from HWE. Further analysis showed that these four

non-HWE studies also have no effects on the pooled ORs in both

ESR1 PvuII (C.T) and XbaI (A.G) polymorphisms under the

dominant model (as shown in Supplement S6).

Publication bias
Begger’s funnel plot and Egger’s linear regression test were

performed to assess the publication bias of included studies. The

shapes of the funnel plots did not reveal any evidence of obvious

asymmetry under the dominant model (Figure 5). Egger’s test also

did not show any significantly statistical evidence of publication

bias under the dominant model (PvuII: t = 0.88, P = 0.399; XbaI:

t = 1.03, P = 0.350).

Discussion

Estrogen plays an important role in the expression of genes that

regulate hormone levels, normal prostate developments and

prostate diseases [24,26]. Aberrant expressions or mutations of

hormone receptors in cancer cells were also found to be associated

with prostate cancer aggressiveness [34]. Additionally, inherited

variants in sex hormonal receptor genes may perhaps interact with

other variants in the steroidogenic and metabolic pathways

cooperatively [5]. Therefore, hormonal status is clearly an

important factor in prostate cancer biology. Estrogen exerts its

effects on prostatic tissues by binding to and activating estrogen

receptors (ESR1 and ESR2). Estrogen receptor (ESR1) is involved

in sex steroid metabolism and functions in carrying out the proper

cellular responses [27]. Accumulating evidences also indicate that

estrogen and estrogen receptors play crucial roles in prostate

cancer development and progression [33]. ESR1 is expressed in

prostate stromal cells and is thought to stimulate growth factor

release and cause epithelial cell proliferation. Ricke et al suggested

that it is likely an imbalance of their expression may be critical in

determining the effects that estrogen ultimately has on prostate

cancer cells [35]. However, a recent genetic study showed that

mutations in ESR1 were independent risk factors [28].

Human ESR1 encoding gene is located on chromosome 6q24–

27, consists of eight exons and seven introns, and is about 140 kb

in length with two promoter regions and five functional domains,

designated as A/B–F, in two differing transcripts at the 59 region

[30]. The protein itself has 595 amino acids and weights a

molecular weight of 66,182 Da [4]. In the normal prostate, ESR1

is expressed in stromal cells but not in epithelial cells. In contrast, it

has been discovered that ESR1 is expressed in the epithelium in

Figure 3. Subgroup analysis by country of ORs with a random-effects model for associations between ESR1 PvuII (C.T)
polymorphism and prostate cancer risk under dominant model (TT + TC vs. CC).
doi:10.1371/journal.pone.0066999.g003
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malignant prostate tissues [38,39]. ESR1 gene mutations may alter

the concentration of reactive estrogens in the prostate [28]. Several

polymorphisms in ESR1 gene, such as PvuII (rs9340799 A.G)

and XbaI (rs2234693 C.T), have been studied to a assess their

causal relationships with prostate cancer [23,25,37,40]. It appears

that inherited alterations of the ESR1 gene can possibly explain

interpopulation differences in the incidences associated with

estrogen-related diseases [29]. Many investigations have demon-

strated that prostate cancer risk was associated with the ESR1

gene polymorphism [36,37].

To explore the association between ESR1 gene polymorphisms

and prostate cancer risk, we performed a meta-analysis on 2,165

prostate cancer cases and 3,361 controls. This is the first meta-

analysis exploring the relationship between prostate cancer and

the ESR1 gene polymorphisms. When all the eligible studies were

pooled into the meta-analysis, the results showed that ESR1 PvuII

(C.T) and XbaI (A.G) polymorphisms were not associated with

the risk of prostate cancer, yet many studies have inferred that

ESR1 gene polymorphisms were related to the onset and develop

of prostate cancer [11,12,26,37,41–43]. A possible reason for the

controversy is that a considerable degree of heterogeneity existed

among the other studies due to differences in sample sizes,

exposure estimates, ethnicity, source of controls and other

potential confounding variables. Therefore, we performed a

stratified analysis based on ethnicity and country. The results

showed that ESR1 PvuII (C.T) polymorphism might increase the

risk of prostate cancer among Asian populations, especially among

Indian population. ESR1 XbaI (A.G) polymorphism was

confirmed to be associated with increased risk of prostate cancer

among American population under the allele model, but not

among Japanese and Indian populations. However, pooled

estimates for Indian population was slightly higher than that for

American population, and only pooled OR under the allele model

was significant and might lead to unacceptably low levels of

statistical power. Therefore, this result should be verified by large,

well-designed epidemiologic population-based studies. Ethnic

differences in prostate cancer susceptibility are probably the

results of both genetic and epidemiological factors, which may

mainly be the results of genetic factors including mutations in rare

genes that confer high risks and/or mutations in specific genes that

confer modestly increased risks [44]. Furthermore, we also

performed a pooled analysis for all eligible case-control studies

to explore the role of codon 10 (T.C), codon 325 (C.G), codon

594 (G.A) and +261G.C polymorphisms in prostate cancer risk.

However, no significant associations between these SNPs and

prostate cancer risk were observed.

In interpreting the results of the current meta-analysis, some

limitations need to be addressed. First, the sample size is still

relatively small and may not provide sufficient power to estimate

the association between ESR1 gene polymorphisms and prostate

cancer risk. Second, heterogeneity across studies was obvious,

which might be a result of the difference in ethnicity, country,

source of controls and genotype methods. Third, the selection bias

may exist because only articles published in English or Chinese

were included. Besides, our meta-analysis was also based on

unadjusted ORs estimates because not all published studies

presented adjusted ORs, or when they were, the ORs were not

adjusted by the same potential confounders, such as ethnicity, age,

gender, geographic distribution, etc. Although no obvious

publication bias was identified, potential bias cannot be completely

ruled out. Nonetheless, it is well acknowledged that many other

factors, such as gene-gene or gene-environment interactions may

affect the risk of gastrointestinal cancer. Finally, although all cases

and controls of each study were well defined with similar inclusion

criteria, there may be potential factors that were not taken into

account that could have influenced our results.

In spite of these limitations, our meta-analysis still had some

merits and values. To the best of our knowledge, this is the first

meta-analysis on the relationship of ESR1 gene polymorphisms

and prostate cancer risk. It is worthwhile to mention that we also

established an efficient searching strategy based on computer-

assisted programs and manual searches, which allowed us to

Figure 4. Subgroup analysis by ethnicity of ORs with a random-effects model for associations between ESR1 XbaI (A.G)
polymorphism and prostate cancer risk under dominant model (GG + AG vs. AA).
doi:10.1371/journal.pone.0066999.g004
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include as many studies as possible. According to our selection

criteria, the quality of studies included in this meta-analysis is

sufficient. Explicit methods for study selection, data extraction,

and data analysis were well designed before initiating. Finally,

there was no evidence of publication bias in this meta-analysis and

the sensitivity analysis indicated that the results are statistically

robust.

In summary, this meta-analysis suggested that ESR1 PvuII

(C.T) polymorphism may be a potential risk factor for prostate

cancer among Asian populations, especially among Indian

population; while ESR1 XbaI (A.G) polymorphism may increase

the risk of prostate cancer among American population. Such

relationship can provide a more comprehensive mechanism of

how ESR1 mutations function in the development of prostate

cancer, as well as promise a more effective treatment for prostate

cancer. However, further studies are still needed to warrant and

validate the association between ESR1 gene polymorphism with

other genetic polymorphisms and prostate cancer risk.
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magnitude of the effect. Note: Funnel plot with pseudo 95% confidence limits was used.
doi:10.1371/journal.pone.0066999.g005

ESR1 Gene and Prostate Cancer Risk

PLOS ONE | www.plosone.org 10 June 2013 | Volume 8 | Issue 6 | e66999



Supplement S3 The Newcastle-Ottawa Scale for assess-
ing methodological quality of case-control studies.

(DOC)

Supplement S4 Meta-analysis of the association be-
tween other four SNPs of ESR1 gene and prostate cancer
risk.

(DOC)

Supplement S5 Sensitivity analysis of the summary
odds ratio coefficients on the association of ESR1 PvuII
(C.T) and XbaI (A.G) polymorphisms with prostate
cancer risk under dominant model.

(EPS)

Supplement S6 Sensitivity analysis after exclusion of
four studies deviating from HWE on the association of

ESR1 PvuII (C.T) and XbaI (A.G) polymorphisms with
prostate cancer risk under dominant model.
(EPS)

Acknowledgments

We would like to acknowledge the helpful comments on this paper received

from reviewers and Dr Jiali Liu (MedChina Medical Information Service

Co., Ltd.). We would also like to thank all of our colleagues working in the

department of hospice, the Shengjing affiliated hospital of China Medical

University.

Author Contributions

Conceived and designed the experiments: YW. Performed the experi-

ments: ZL. Analyzed the data: ZL JG. Contributed reagents/materials/

analysis tools: XW X. Zhao X. Zheng. Wrote the paper: YW. Financial

support: YW. Final approval of manuscript: YW ZL JG.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. (2011) Global cancer
statistics. CA Cancer J Clin 61: 69–90.

2. Becker N (2011) Epidemiology of prostate cancer. Radiologe 51: 922–929.

3. Zhao ZY, San M, Duprey JL, Arrand JR, Vyle JS, et al. (2012) Detection of

single nucleotide polymorphisms within a sequence of a gene associated with
prostate cancer using a fluorophore-tagged DNA probe. Bioorg Med Chem Lett

22: 129–132.

4. Onsory K, Sobti RC, Al-Badran AI, Watanabe M, Shiraishi T, et al. (2008)
Hormone receptor-related gene polymorphisms and prostate cancer risk in

North Indian population. Mol Cell Biochem 314: 25–35.

5. Sun T, Lee GS, Werner L, Pomerantz M, Oh WK, et al. (2010) Inherited
variations in AR, ESR1, and ESR2 genes are not associated with prostate cancer

aggressiveness or with efficacy of androgen deprivation therapy. Cancer

Epidemiol Biomarkers Prev 19: 1871–1878.

6. Low YL, Taylor JI, Grace PB, Mulligan AA, Welch AA, et al. (2006)

Phytoestrogen exposure, polymorphisms in COMT, CYP19, ESR1, and SHBG

genes, and their associations with prostate cancer risk. Nutr Cancer 56: 31–39.

7. Sivonova MK, Dobrota D, Dusenka R, Waczulikova I, Slezak P, et al. (2012)
Effect of CYP17 and PSA gene polymorphisms on prostate cancer risk and

circulating PSA levels in the Slovak population. Mol Biol Rep 39: 7871–7880.

8. Wang F, Zou YF, Feng XL, Su H, Huang F (2011) CYP17 gene polymorphisms
and prostate cancer risk: a meta-analysis based on 38 independent studies.

Prostate 71: 1167–1177.

9. Lee KM, Kang D, Park SK, Berndt SI, Reding D, et al. (2009) Nitric oxide
synthase gene polymorphisms and prostate cancer risk. Carcinogenesis 30: 621–

625.

10. Wang LZ, Sato K, Tsuchiya N, Yu JG, Ohyama C, et al. (2003) Polymorphisms
in prostate-specific antigen (PSA) gene, risk of prostate cancer, and serum PSA

levels in Japanese population. Cancer Lett 202: 53–59.

11. Li LC, Shiina H, Deguchi M, Zhao H, Okino ST, et al. (2004) Age-dependent

methylation of ESR1 gene in prostate cancer. Biochem Biophys Res Commun
321: 455–461.

12. McIntyre MH, Kantoff PW, Stampfer MJ, Mucci LA, Parslow D, et al. (2007)

Prostate cancer risk and ESR1 TA, ESR2 CA repeat polymorphisms. Cancer
Epidemiol Biomarkers Prev 16: 2233–2236.

13. Cowley SM, Hoare S, Mosselman S, Parker MG (1997) Estrogen receptors

alpha and beta form heterodimers on DNA. J Biol Chem 272: 19858–19862.

14. Chae YK, Huang HY, Strickland P, Hoffman SC, Helzlsouer K (2009) Genetic
polymorphisms of estrogen receptors alpha and beta and the risk of developing

prostate cancer. PLoS One 4: e6523.

15. Langley RE, Godsland IF, Kynaston H, Clarke NW, Rosen SD, et al. (2008)
Early hormonal data from a multicentre phase II trial using transdermal

oestrogen patches as first-line hormonal therapy in patients with locally

advanced or metastatic prostate cancer. BJU Int 102: 442–445.

16. Safarinejad MR, Safarinejad S, Shafiei N (2012) Estrogen receptors alpha
(rs2234693 and rs9340799), and beta (rs4986938 and rs1256049) genes

polymorphism in prostate cancer: Evidence for association with risk and
histopathological tumor characteristics in Iranian men. Mol Carcinog.

17. Nelles JL, Hu WY, Prins GS (2011) Estrogen action and prostate cancer. Expert

Rev Endocrinol Metab 6: 437–451.

18. da Costa BR, Cevallos M, Altman DG, Rutjes AW, Egger M (2011) Uses and
misuses of the STROBE statement: bibliographic study. BMJ Open 1: e000048.

19. Stang A (2010) Critical evaluation of the Newcastle-Ottawa scale for the

assessment of the quality of nonrandomized studies in meta-analyses.
Eur J Epidemiol 25: 603–605.

20. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis.

Stat Med 21: 1539–1558.

21. Zintzaras E, Ioannidis JP (2005) Heterogeneity testing in meta-analysis of
genome searches. Genet Epidemiol 28: 123–137.

22. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L (2006) Comparison of
two methods to detect publication bias in meta-analysis. JAMA 295: 676–680.

23. Cancel-Tassin G, Latil A, Rousseau F, Mangin P, Bottius E, et al. (2003)

Association study of polymorphisms in the human estrogen receptor alpha gene
and prostate cancer risk. Eur Urol 44: 487–490.

24. Fukatsu T, Hirokawa Y, Araki T, Hioki T, Murata T, et al. (2004) Genetic
polymorphisms of hormone-related genes and prostate cancer risk in the

Japanese population. Anticancer Res 24: 2431–2437.

25. Gupta L, Thakur H, Sobti RC, Seth A, Singh SK (2010) Role of genetic

polymorphism of estrogen receptor-alpha gene and risk of prostate cancer in
north Indian population. Mol Cell Biochem 335: 255–261.

26. Hernandez J, Balic I, Johnson-Pais TL, Higgins BA, Torkko KC, et al. (2006)

Association between an estrogen receptor alpha gene polymorphism and the risk
of prostate cancer in black men. J Urol 175: 523–527.

27. Modugno F, Weissfeld JL, Trump DL, Zmuda JM, Shea P, et al. (2001) Allelic
variants of aromatase and the androgen and estrogen receptors: toward a

multigenic model of prostate cancer risk. Clin Cancer Res 7: 3092–3096.

28. Sissung TM, Danesi R, Kirkland CT, Baum CE, Ockers SB, et al. (2011)

Estrogen receptor alpha and aromatase polymorphisms affect risk, prognosis,

and therapeutic outcome in men with castration-resistant prostate cancer treated
with docetaxel-based therapy. J Clin Endocrinol Metab 96: E368–372.

29. Sobti RC, Gupta L, Singh SK, Seth A, Kaur P, et al. (2008) Role of hormonal
genes and risk of prostate cancer: gene-gene interactions in a North Indian

population. Cancer Genet Cytogenet 185: 78–85.

30. Sonoda T, Suzuki H, Mori M, Tsukamoto T, Yokomizo A, et al. (2010)

Polymorphisms in estrogen related genes may modify the protective effect of
isoflavones against prostate cancer risk in Japanese men. Eur J Cancer Prev 19:

131–137.

31. Suzuki K, Matsui H, Nakazato H, Koike H, Okugi H, et al. (2003) Association
of the genetic polymorphism in cytochrome P450 (CYP) 1A1 with risk of familial

prostate cancer in a Japanese population: a case-control study. Cancer Lett 195:
177–183.

32. Tanaka Y, Sasaki M, Kaneuchi M, Shiina H, Igawa M, et al. (2003)
Polymorphisms of estrogen receptor alpha in prostate cancer. Mol Carcinog

37: 202–208.

33. Bonkhoff H, Berges R (2009) The evolving role of oestrogens and their receptors
in the development and progression of prostate cancer. Eur Urol 55: 533–542.

34. Dutt SS, Gao AC (2009) Molecular mechanisms of castration-resistant prostate
cancer progression. Future Oncol 5: 1403–1413.

35. Ricke WA, McPherson SJ, Bianco JJ, Cunha GR, Wang Y, et al. (2008) Prostatic
hormonal carcinogenesis is mediated by in situ estrogen production and estrogen

receptor alpha signaling. FASEB J 22: 1512–1520.

36. Cunningham JM, Hebbring SJ, McDonnell SK, Cicek MS, Christensen GB, et

al. (2007) Evaluation of genetic variations in the androgen and estrogen

metabolic pathways as risk factors for sporadic and familial prostate cancer.
Cancer Epidemiol Biomarkers Prev 16: 969–978.

37. Nicolaiew N, Cancel-Tassin G, Azzouzi AR, Grand BL, Mangin P, et al. (2009)
Association between estrogen and androgen receptor genes and prostate cancer

risk. Eur J Endocrinol 160: 101–106.

38. Leav I, Lau KM, Adams JY, McNeal JE, Taplin ME, et al. (2001) Comparative

studies of the estrogen receptors beta and alpha and the androgen receptor in

normal human prostate glands, dysplasia, and in primary and metastatic
carcinoma. Am J Pathol 159: 79–92.

39. Royuela M, de Miguel MP, Bethencourt FR, Sanchez-Chapado M, Fraile B, et
al. (2001) Estrogen receptors alpha and beta in the normal, hyperplastic and

carcinomatous human prostate. J Endocrinol 168: 447–454.

40. Risbridger GP, Wang H, Frydenberg M, Cunha G (2001) The metaplastic

effects of estrogen on mouse prostate epithelium: proliferation of cells with basal

cell phenotype. Endocrinology 142: 2443–2450.

ESR1 Gene and Prostate Cancer Risk

PLOS ONE | www.plosone.org 11 June 2013 | Volume 8 | Issue 6 | e66999



41. Damaraju S, Murray D, Dufour J, Carandang D, Myrehaug S, et al. (2006)

Association of DNA repair and steroid metabolism gene polymorphisms with
clinical late toxicity in patients treated with conformal radiotherapy for prostate

cancer. Clin Cancer Res 12: 2545–2554.

42. Imamov O, Shim GJ, Warner M, Gustafsson JA (2005) Estrogen receptor beta
in health and disease. Biol Reprod 73: 866–871.

43. Kjaergaard AD, Ellervik C, Tybjaerg-Hansen A, Axelsson CK, Gronholdt ML,

et al. (2007) Estrogen receptor alpha polymorphism and risk of cardiovascular
disease, cancer, and hip fracture: cross-sectional, cohort, and case-control studies

and a meta-analysis. Circulation 115: 861–871.

44. Shibata A, Whittemore AS (1997) Genetic predisposition to prostate cancer:
possible explanations for ethnic differences in risk. Prostate 32: 65–72.

ESR1 Gene and Prostate Cancer Risk

PLOS ONE | www.plosone.org 12 June 2013 | Volume 8 | Issue 6 | e66999


