
Introduction

Cancer is one of the most serious medical problems

threatening human life and ranks as the leading cause of

death. As is well known, many factors that contribute to

cancer occurrence have been reported, such as lifestyle, to-

bacco, alcohol addiction, environment, and so on [1].

Moreover, recent studies indicated that estrogen was asso-

ciated with an increased risk of multiple types of cancer,

especially breast and prostate cancer and may represent a

leading preventable cause of death [2, 3]. Estrogen is me-

diated by the estrogen receptor (ESR), which interacts with

other cell-signaling pathways to influence cell behavior.

There are two major ESR subtypes: ESR1 and ESR2,

which are encoded by two separate genes located on chro-

mosome 6q25.1 and chromosome 14q23.1, respectively [4,

5]. Since ESR2 was identified in 1996 [6], there has been

mounting evidence that the genetic variants in ESR2 gene

have an influence on body weight [7], Alzheimer’s disease,

[8], anorexia nervosa [9], and so on, whereas the specific

functions of ESR2 in carcinogenesis are not yet known.

Currently, related studies have drawn close attention to

ESR2 polymorphisms (rs3020450, rs4986938, and

rs1256049) which were thought to be associated with the

risk of various cancers, such as breast and prostate cancer,

uterine fibroids, and other cancers; however, the results

were generally inconclusive and inconsistent. The incon-

sistencies in previous studies might be due to small sample

sizes, different research populations, and random errors.

Therefore, the present authors performed a comprehensive

meta-analysis to derive a more precise estimation of the

correlation between these three polymorphisms and the

cancer risks.

Materials and Methods

Identification and selection of eligible studies
The following bibliographic databases were searched by using

the combined words ‘‘ESR2/ERβ/ER-beta/estrogen receptor

beta’’, ‘‘cancer’’ or ‘‘carcinoma’’, ‘‘genetic variation’’ or ‘‘poly-

morphism’’. A comprehensive systematic bibliographic search

was applied through the medical databases PubMed, CNKI, and

WanFang for all publications up to June 2014. The criteria for

acceptance of the studies were as follows: (1) studies evaluated

ESR2 (rs3020450, rs4986938, and rs1256049) gene polymor-

phisms and available cancer risk; (2) case-control studies; (3) the

numbers of the genotype or allele were reported in the article or

could be obtained from authors or other source; (4) available

genotype frequency. Moreover, the studies were eliminated as

follows: (1) case-only studies, case reports, editorials, and review

articles (including meta-analyses); (2) studies without raw data

available; (3) duplicated studies.

Data extraction
Two authors (Wenkai Xia and Weidong Mao) independently

extracted all the data based on the inclusion criteria listed above.

All disagreements regarding eligibility were resolved by discus-

sion with a third author (Qiwen Deng). Any study with incorrect

or inconsistent data was excluded. The following variables were

extracted from each study if available: first author’s last name and

the year of publication, country of subjects, cancer type, geno-

typing method and ethnicity of the population, matching numbers
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Summary

Estrogen signal medicated by estrogen receptor (ER), which is involved in various diseases related to steroid hormone, such as can-

cer. A number of association studies have focused on ESR2 polymorphisms to investigate the relationship with cancer risk. However,

the results are inconsistent and inconclusive. To examine this controversy, 33 studies were enrolled for the pooled analysis for three poly-

morphisms (rs3020450, rs4986938, and rs1256049) in cancer risk using odds ratios (ORs) with 95% confidence intervals (CIs). Re-

garding rs4986938, A allele was associated with decreased breast cancer. Ethnicity subgroup analysis observed a decreased risk in both

Asian and Caucasian descendent. Regarding rs1256049, cancer type subgroup analysis revealed a significant association with increased

prostate and endometrial cancer risk. rs3020450 was not associated with cancer risk in any model. Further studies for clarifying the roles

of ESR2 polymorphisms in cancer risk seem of vital importance.
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of genotyped cases and controls, and polymorphism site (Table

1). If difference and discrepancies were existed after data collec-

tion, discussion was carried out to reach a consensus.

Statistical analysis
Odds ratio (OR) with its 95% confidence intervals (CI) was

calculated to assess the overall association of ESR2 rs3020450,

rs4986938, and rs1256049 polymorphisms with cancer risk. The

pooled ORs were calculated for the risks of carriage of the mu-

tant allele on cancers compared with the wide-type homozygote,

followed by evaluating the risk in the recessive model and dom-

inant model. Stratified analysis was also performed according

to cancer type (endometrial, prostate, breast, and other cancer

groups which combined the cancer types containing less than

two individual studies), source of control and genotyping

method. Chi-square test based Q-statistic test was used to eval-

uate heterogeneity across the studies [10], and was considered

significant if p
heterogeneity

< 0.05. Both fixed-effects (the Man-

tel-Haenszel method) and random effects (the DerSimonian and

Laird method) models were used to pool the results [10]. A

fixed-effect model was employed when no heterogeneity ex-

isted. Otherwise, the random-effect model was employed to pool

the results. Publication bias was applied by funnel plots and the

Egger’s linear regression test. For the controls of each study, the

genotype frequencies of the three polymorphisms of ESR2 were

assessed for Hardy-Weinberg equilibrium using a web-based

program. All statistical tests were performed with STATA ver-

sion 11.0.

Table 1. — Characteristics of studies included in the meta-analysis.
Year Cancer Country Ethnicity Source Genotyping Polymorphism sites Cases Controls

of method

control

2009 Uterine fibroids Germany Caucasian HB PCR-ARMS rs3020450 101 102

2010 Uterine fibroids China Asian HB TaqMan rs4986938, rs1256049 92 193

2010 TGCT Italy Caucasian HB TaqMan rs1256049 234 218

2009 PC France Caucasian HB Taqman rs4986938, rs1256049 382 381

2010 PC Japanese Asian HB Taqman rs1256049 180 177

2007 PC

1

Mix

2

Mix HB Taqman rs3020450, rs4986938, rs1256049 8323 9412

2009 PC USA Caucasian PB TaqMan rs4986938 219 370

2012 PC Iran Asian PB PCR-RFLP rs4986938,rs1256049 162 324

2005 PC China Asian HB TaqMan rs1256049 40 86

2004 PC Japan Asian HB TaqMan rs1256049 136 236

2014 OC Germany Caucasian HB PCR-ARMS rs3020450 184 182

2009 OC USA Mix PB TaqMan rs3020450 147 251

2009 OC USA Caucasian PB TaqMan rs3020450 72 146

2009 OC USA Asian PB TaqMan rs3020450 94 172

2010 LC USA Caucasian PB Taqman rs3020450, rs4986938, rs1256049 1021 826

2011 Melanoma Italy Caucasian HB TaqMan rs4986938 112 195

2012 LC Singapore Asian PB TaqMan rs4986938, rs1256049 702 1578

2009 HCC China Asian HB TaqMan rs4986938, rs1256049 100 100

2012 GBC India Asian HB PCR-LDR rs1256049 410 220

2009 EC Australia Caucasian HB TaqMan rs4986938, rs1256049 191 291

2004 EC USA Caucasian PB Taqman rs1256049 220 661

2013 EC Germany Caucasian HB PCR-ARMS rs3020450 135 135

2013 EC China Asian HB TaqMan rs4986938, rs1256049 60 60

2011 CRC Germany Caucasian HB PCR-ARMS rs4986938 676 669

2010 BTC China Asian PB TaqMan rs4986938, rs1256049 411 786

2009 BC Germany Caucasian HB PCR-ARMS rs3020450 318 318

2006 BC USA Caucasian PB TaqMan rs4986939 88 1272

2007 BC

1

Mix Caucasian PB Taqman rs3020450, rs4986938, rs1256049 5789 7761

2005 BC Sweden Caucasian HB PCR-RFLP rs4986938, rs1256049 723 480

2003 BC China Asian PB PCR-RFLP rs1256049 1113 1209

2009 BC Sweden Caucasian PB Sequencing rs3020450 538 1073

2009 BC Japan Asian PB PCR-LDR rs4986938, rs1256049 388 388

2009 BC Japan Mix PB PCR-LDR rs4986938, rs1256049 458 458

2003 BC Sweden Caucasian HB PCR-RFLP rs4986938, rs1256049 219 238

2009 BC India Asian HB PCR-RFLP rs4986938 248 249

2009 BC Gernany Caucasian PB TaqMan rs4986938, rs1256049 3919 7421

1
Mixed United States and Europe, 

2
Mixed population including Caucasian, Asian, and African.

TGCT: testicular germ cell tumor; OC: ovarian cancer; BTC: biliary tract cancer; BC: breast cancer; CRC: colorectal cancer; EC: endometrial cancer;

HCC: hepatocellular cancer; PC: prostate cancer; LC: lung cancer; GBC: gallbladder carcinoma; PB: population based; HB: hospital based;

PCR-RFLP: polymerase chain reaction-restriction fragment length polymorphism; PCR-LDR: polymerase chain reaction-ligation detection reaction;

PCR-ARMS: polymerase chain reaction-amplification refractory mutation system.
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Results

Characteristics of studies
This study enrolled 33 eligible papers [2, 12-41] (Figure

1) according to the inclusion criteria. For ESR2 rs3020450

polymorphism, nine studies including 14,369 cases and

17,661 controls were classified into ovarian cancer (two

studies), breast cancer (three studies), and the others, which

were categorized into “other cancers”. Meanwhile, there

were nine studies of Caucasian descendent, two mixed de-

scendent, and one Asian descendent. For ESR2 rs4986938

polymorphism, 20 studies provided available data, 22,833

cases and 30,319 controls included which were classified

into prostate cancer (four studies), lung cancer (two stud-

ies), endometrial cancer (two studies), breast cancer (seven

studies), and others (five studies) which were categorized

into “other cancers”. Meanwhile, these studies with data of

studies of 12 Caucasian descendent, eight of Asian descen-

dent, and two mixed descendent were collected for the

pooled analysis. For ESR2 rs1256049 polymorphism, 22

studies including 22,722 cases and 28,952 controls con-

sisted of Caucasian descendent (12 studies), Asian descen-

dent (13 studies), and mixed descendent provided available

data, which related to prostate cancer (six studies), lung

cancer (two studies), breast cancer (six studies), and other

cancers. Furthermore, the controls of most studies were

population-based and the main genotyping method was

PCR-RFLP (Table 1). 

Main results
For ESR2 rs4986938 polymorphism, subgroup analysis

revealed a low decreased risk for breast cancer in het-

erozygote comparison (AG vs. GG: OR = 0.94, 95% CI:

0.90-1.0, p
heterogeneity

= 0.62) and dominant model com-

parison (AA + AG vs. GG: OR = 0.94, 95% CI: 0.90−0.99,

p
heterogeneity

= 0.285) (Table 2 and Figure 2). In a

stratified analysis by ethnicity, a decreased risk was ob-

served for Asian descendent (AA vs. GG: OR = 0.56, 95%

CI: 0.39−0.82, p
heterogeneity

= 0.096; AA vs. AG + GG:

OR = 0.76, 95% CI: 0.63−0.92, p
heterogeneity

= 0.065).

Moreover, a decreased risk was observed for Caucasian de-

scendent (AA + AG vs. GG: OR = 0.96, 95% CI:

0.92−1.00, p
heterogeneity

= 0.562). In addition, cancer

type subgroup analysis revealed A allele was associated

with decreased breast cancer (OR = 0.96, 95% CI:

0.93−1.00, p
heterogeneity

= 0.088). 

For ESR2 rs1256049 polymorphism, cancer type’s sub-

group analysis revealed a significant association in the

comparison of homozygote model (AA vs. GG: OR = 3.5,

95% CI: 1.27-9.64, p
heterogeneity

= 0.842), heterozygote

model (AG vs. GG: OR = 1.53, 95% CI: 1.03−2.25,

p
heterogeneity

= 0.305), and dominant model (AA + AG

vs GG: OR = 1.60, 95% CI: 1.09−2.35, p
heterogeneity

=

0.205) in endometrial cancer. Similarly, an increased risk

was observed for the comparison of homozygote model

(AA vs. GG: OR = 1.40, 95% CI: 1.16−4.49, p
heterogene-

ity

= 0.411) with recessive model (AA vs. AG + GG: OR =

1.50, 95% CI: 1.10−2.04, p
heterogeneity

= 0.654) in

prostate cancer (Table 3 and Figure 3). In a stratified analy-

sis by ethnicity, there was no association between ESR2

rs1256049 and cancer risk. 

For overall analysis, results of pooled analysis revealed

no significant associations between the genotypes of ESR2

rs3020450 polymorphism and cancer risk in all genetic

models (shown in Table 4).

Figure 1. — Flow chart of studies identified with

criteria according to inclusion and exclusion.
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Table 2. — Stratified analyses of ESR2 rs4986938 polymorphism and cancer risk.
Variables Cases/controls A/A vs. G/G A/G vs. G/G A/A vs. (G/G+G/A) (A/A+G/A) vs. G/G

OR (95% CI) p a OR (95% CI) p a OR (95% CI) p a OR (95% CI) p a

Total 22833 / 30319 0.96 (0.9-1.01) 0.109 0.98 (0.94-1.02) 0.178 0.97 (0.92-1.02) 0.245 0.98 (0.94-1.01) 0.07

Cancer type

LC 1565 / 1790 0.96 (0.73-1.26) 0.476 1.04 (0.88-1.23) 0.357 0.97 (0.76-1.24) 0.446 1.03 (0.88-1.20) 0.427

PC 8801 / 10233 0.96 (0.74-1.23)

c

0.026 1.03 (0.97-1.1) 0.305 0.96 (0.75-1.24)

c

0.019 1.03 (0.97-1.09) 0.323

BC 10837 / 16021 0.94 (0.87-1.02) 0.161 0.94 (0.90-1.00)

b

0.62 0.96 (0.89-1.03) 0.271 0.94 (0.90-0.99)

b

0.285

EC 248 / 346 0.79 (0.46-1.36) 0.444 0.83 (0.57-1.22) 0.639 0.91 (0.58-1.43) 0.444 0.82 (0.57-1.17) 0.506

other 1382 / 1929 0.96 (0.74-1.25) 0.248 0.92 (0.76-1.11) 0.054 0.98 (0.82-1.18) 0.545 0.9 (0.61-1.33) 0.025

c

Ethnicity

Asian 1996 / 3050 0.56 (0.39-0.82)

b

0.096 1.01 (0.86-1.19) 0.079 0.76 (0.63-0.92)

b

0.065 0.93 (0.70-1.22)

c

0.031

Caucasian 18331 / 24521 0.96 (0.90-1.02) 0.752 0.96 (0.92-1.01) 0.616 0.98 (0.92-1.03) 0.931 0.96 (0.92-1.00)

b

0.562

Mixed 2506 / 2748 1.16 (0.93-1.45) 0.471 1.10 (0.98-1.24) 0.917 1.12 (0.90-1.39) 0.459 1.11(0.99-1.24) 0.755

LC: lung cancer, PC: prostate cancer, BC: breast cancer, EC: endometrial cancer. 

a p value of Q test for heterogeneity test; 

b

Statistically significant results;

c 

Random-effect model was applied when p value for heterogeneity < 0.05, otherwise, fixed-effect model was applied.

Figure 2. — Forest plots of effect estimates for cases and controls of 22 individual studies for rs4986938 stratified by cancer type (AA + GA

vs. GG). For each study, the estimate of OR and its CI is plotted with a box and a horizontal line. Filled diamond pooled OR and its 95% CI.
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Table 3. — Stratified analyses of the ESR2 rs1256049 polymorphism and cancer risk.
Variables Cases/controls A/A vs. G/G A/G vs. G/G A/A vs. (G/G+G/A) (A/A+G/A) vs. G/G

OR (95% CI) p a OR (95% CI) p a OR (95% CI) p a OR (95% CI) p a

Total 22673 / 28909 1.07 (0.75-1.54)

c

0 0.93 (0.82-1.06)

c

0 1.12 (0.84-1.48)

c

0 0.94 (0.82-1.08)

c

0

Cancer type

lung cancer 1563 / 1779 1.13 (0.82-1.56) – 1.01 (0.80-1.27) – 1.13 (0.84-1.51) – 1.01 (0.84-1.23) 0.606 

prostate cancer 7796 / 8927 1.40 (1.02-1.91)

b

0.411 0.91 (0.73-1.14)

c

0.011 1.50 (1.10-2.04)

b

0.654 0.98 (0.82-1.18)

c

0.048

breast cancer 11652 / 15726 0.47 (0.19-1.13)

c 

0 0.91 (0.73-1.14)

c 

0 0.57 (0.26-1.23)

c

0 0.83 (0.62-1.12)

c

0

endometrial

cancer

471 / 1010 3.50 (1.27-9.64)

b

0.842 1.53 (1.03-2.25)

b

0.305 1.72 (0.85-3.68) 0.549 1.60 (1.09-2.35)

b

0.205

other 1240 / 1510 0.84 (0.27-2.60)

c

0.001 0.72 (0.48-1.09)

c

0.045 0.95 (0.42-2.16)

c

0.01 0.72 (0.45-1.15)

c

0.01

Ethnicity

Asian 4085 / 5191 1.15 (0.88-1.51)

c

0.008 0.89 (0.76-1.04)

c

0.042 1.09 (0.96-1.24) 0.089 0.94 (0.81-1.09)

c

0.022

Caucasian 17401 / 22337 0.23 (0.02-2.39)

c

0 0.93 (0.72-1.19)

c

0 0.34 (0.04-2.93)

c

0 0.86 (0.65-1.15)

c

0

Mixed 458 / 458 1.10 (0.72-1.69) – 1.07 (0.81-1.40) – 1.87 (0.53-6.65) – 1.03 (0.79-1.33) –

Africa 778 / 966 1.87 (0.53-6.65) – 1.00 (0.77-1.31) – 1.07 (0.71-1.61) – 1.07 (0.83-1.08) – 

LC: lung cancer, PC: prostate cancer, BC: breast cancer, EC: endometrial cancer; 

a p value of Q test for heterogeneity test; 

b 

Statistically significant results;

c 

Random-effect model was applied when p value for heterogeneity < 0.05; otherwise, fixed-effect model was applied.

Figure 3. Forest plots of effect estimates for cases and controls of 25 individual studies for rs4986938 stratified by cancer type (AA vs.
GG). For each study, the estimate of OR and its CI is plotted with a box and a horizontal line. Filled diamond pooled OR and its 95% CI.



Wenkai Xia, Tianyi Wang, Dong Sun, Weidong Mao, Xiangcheng Xie 535

Test of heterogeneity
For overall studies of ESR2 rs1256049 polymorphism, a

significant heterogeneity was apparent among homozygous

comparison (AA vs GG: p
heterogeneity

=0.000), heterozy-

gote comparison (AG vs. GG: p
heterogeneity

=0.000), re-

cessive comparison (AA vs. AG + GG: P
heterogeneity

=0.000), dominant model (AA + AG vs. GG: P
heterogeneity

=0.000)

There was no apparent heterogeneity for overall studies

of ESR2 rs4986938 and ESR2 rs3020450.

Sensitivity analysis and publication bias
Sensitivity analysis was performed to assess the stability

of these results and to find the source of the heterogeneity

by sequential removal of individual eligible study. The re-

sults of sensitivity analysis were obtained after sequentially

excluding each case-control study, indicating the stability of

the results.

Begg’s funnel plot and Egger’s test were performed to as-

sess the publication bias. The shape of the funnel plot indi-

cated obvious asymmetry in ESR2 rs1256049 heterozygous

model comparison and dominant model comparison (Figure

4A). Thus, Egger’s test was used to provided statistical evi-

dence of funnel plot asymmetry (t = -2.62, p = 0.016) (shown

in Table 5), which suggested the existence of publication bias

in the meta-analysis. To adjust this bias, a trim-and-fill

method mentioned by Duval and Tweedie [42] was utilized

(Figure 4B). As a result, the conclusion with or without the

trim-and-fill method did not change, indicating that the pres-

ent results were statistically robust. While the shapes of the

funnel plots did not reveal any evidence of obvious asym-

Table 4. — Stratified analyses of the ESR2 rs3020450 polymorphism and cancer risk.
Variables Cases/controls A/A vs. G/G A/G vs. G/G A/A vs. (G/G+G/A) (A/A+G/A) vs. G/G

OR (95% CI) p a OR (95% CI) p a OR (95% CI) p a OR (95% CI) p a

Total 16417 / 19956 0.98 (0.92-1.06) 0.557 1.01 (0.97-1.05) 0.57 0.98 (0.91-1.05) 0.465 1.00 (0.96-1.05) 0.696

Cancer type

OC 497 / 751 1.12 (0.72-1.73) 0.148 0.89 (0.59-1.36)

c

0.046 1.07 (0.70-1.63) 0.102 0.94 (0.74-1.19) 0.085

BC 6481 / 8918 0.94 (0.84-1.05) 0.491 1.00 (0.94-1.07) 0.962 0.94 (0.84-1.04) 0.507 0.99 (0.93-1.05) 0.824

PC 8182 / 9224 1.00 (0.90-1.11) 0.818 1.03 (0.97-1.10) 0.612 0.99 (0.90-1.09) 0.929 1.02 (0.96-1.09) 0.614

other cancer 1257 / 1063 1.11 (0.84-1.47) 0.654 0.96 (0.81-1.15) 0.975 1.13 (0.87-1.47) 0.58 0.99 (0.84-1.17) 0.995

Ethnicity

Asian 94 / 172 2.78 (0.87-8.86) – 0.66 (0.38-1.22) – 3.11 (0.99-9.79) – 0.85 (0.50-1.47) –

Caucasian 14128 / 17238 0.98 (0.91-1.06) 0.835 1.01 (0.96-1.06) 0.8 0.97 (0.91-1.05) 0.749 1.00 (0.96-1.05) 0.892

Mixed 2195 / 2546 0.99 (0.81-1.21) 0.126 1.03 (0.91-1.12) 0.077 0.97 (0.80-1.18) 0.186 0.87 (0.55-1.37)

c

0.04

OC: ovarian cancer, PC: prostate cancer, BC: breast cancer; 

a p value of Q test for heterogeneity test; 

b

Statistically significant results;

c 

Random-effect model was applied when p value for heterogeneity < 0.05, otherwise, fixed-effect model was applied.

Figure 4. — Begg’s funnel plot of Egger’s test for publication bias

tests for heterozygote comparison in ESR2 rs1256049. Each circle
represents as an independent study for the indicated association.

Log [OR], natural logarithm of OR. Horizontal lines mean effect

size. A: Begg’s funnel plot of publication bias test. B: Begg’s fun-

nel plot of publication bias test after trim-and-fill method.

Table 5. — Egger’s test for three polymorphisms of ESR2.
Polymorphism Egger's Homozygous Heterozygous Recessive Dominant

test

rs3020450 t 0.96 -0.74 1.01 -0.37

p 0.358 0.476 0.337 0.719

rs4986938 t -0.66 -0.37 -0.27 -0.044

p 0.52 0.715 0.788 0.665

rs1256049 t -0.55 -2.62 -0.23 -2.09

p 0.59 0.016 0.824 0.058
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metry in all genetic models of ESR2 rs3020450 and ESR2

rs4986938 polymorphisms (Figures 5, 6). In addition, all

models of ESR2 rs3020450 and ESR2 rs4986938 did not

show any evidence of publication bias (p > 0.05) (Table 5). 

Discussion

Thirty-three studies were identified according to the ac-

ceptance and exclusion criteria to investigate the relation-

ship between the genetic variants in the ESR2 gene and

cancer risk. There was a correlation between estrogens and

cancer risks. Estrogen metabolism was related to vitamin

D, insulin sensitivity, and fat metabolism as well as in-

flammation development which closely linked with cancer

occurrence [43]. Estrogens have significant direct and/or

indirect effects on development and progression of cancer,

in which ESR2 was a key factor [44, 45]. To date, it is

known that the genetic polymorphisms in ESR2 gene lo-

cate on chromosome14 and can change the stability of the

transcript [5, 26, 46]. It was not difficult to observe that this

evidence supported the present results regarding the asso-

ciation between ESR2 rs4986938, rs1256049 and

rs3020450, and cancer occurrence.

As for the ESR2 rs4986938 polymorphism, subgroup

study revealed that there was only a single comparison

model (GA + AA vs. GG) in Caucasian descendent showed

the significant association with cancer risk. Meanwhile, sig-

nificant associations were found in Asian descendent for

the comparison of AA vs. GG and AA vs. GA + GG, which

suggested ethnic differences did not influence the cancer

risk. Significant results of different genetic models, how-

ever, were observed in two descendent, which suggested

that relatively limited study number and small sample size

contributed to the results. Cancer type subgroup analysis

revealed that ESR2 rs4986938 polymorphism was a pro-

tective factor in breast cancer. Recently, several studies

have revealed that ESR2 rs4986938 polymorphism was as-

sociated with cancer risk [16, 26, 28, 31]. However, some

studies did not demonstrate a significant association be-

tween rs4986938 and cancer risk [2, 13, 27, 29]. Inconsis-

tent results might be caused by phytoestrogen intake and

BMI in different descendent which might be critical for ge-

netic effect. In addition, the approach to select participants

and study design should also be taken into account.

As for the ESR2 rs1256049 polymorphism, cancer type

subgroup analysis revealed that there existed a correlation

between ESR2 rs1256049 polymorphism and the risk of

prostate cancer under homozygous (AA vs. GG) model, it

showed the same pattern of results as that under recessive

model (AA vs. AG + GG). Meanwhile, a significant associ-

ation was also observed between ESR2 rs1256049 and en-

dometrial cancer. In the subgroup analysis by ethnicity, no

significant association was associated with cancer risk in any

genetic model. However, the results might be caused by rel-

atively limited study number, only two studies of rs1256049

in subgroup analysis specific to Caucasians [2, 27]. For the

ESR2 rs1256049 polymorphism, due to many conflicted re-

sults [20, 27, 35, 38], further well-designed, unbiased, large

case-control studies need to be performed to confirm these

results.

As for the ESR2 rs3020450 polymorphism, no significant

associations were found in all comparisons. In similarly, three

studies did not show a significant association by comparison

ESR2 rs3020450 with ovarian cancer. In addition, no signif-

icant association was found among uterine fibroids, prostate,

lung, and breast cancer [2, 15, 18, 37]. Therefore, more re-

lated studies need to further clarify the relationship between

ESR2 rs3020450 polymorphism and cancer risk.

Some potential limitations of this meta-analysis should be

acknowledged. First, all the eligible studies the authors

searched were from the database in English and Chinese,

articles with potentially high-quality data that were pub-

Figure 5. — Begg’s funnel plot of the Egger’s test of allele com-

parison for publication bias for AG versus GG in ESR2 rs4986938

polymorphism.

Figure 6. — Begg’s funnel plot of the Egger’s test of allele com-

parison for publication bias for AG versus GG in ESR2 rs3020450

polymorphism.
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lished in other languages were not included in this paper be-

cause of potential medical translation inaccuracies. Second,

though most controls were selected from healthy popula-

tions, there was no uniform definition of controls. Finally,

some potentially suspected factors such as age, sex, living

habits, menstrual history, and environmental factors were

not considered so that the authors’ unadjusted estimates still

need further validation. However, the present meta-analy-

sis had some advantages. First, in order to increase the sta-

tistical power of the meta-analysis significantly, the authors

extracted data from as many different studies as possible.

Second, all case-control studies included in this research met

the authors’ selection criteria well.

In conclusion, the present study demonstrated the rela-

tionship between three polymorphisms of ESR2 and cancer

risk. The result indicated that rs4986938 was associated

with a decreased risk of breast cancer in Caucasians and

Asians, and rs1256049 polymorphism was significantly as-

sociated with prostate cancer and endometrial cancer, while

rs3020450 showed no obvious associations with cancer.

However, further studies based on more comprehensive and

large, stratified population to facilitate evaluation the asso-

ciation between ESR2 and cancer risk are warranted.
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