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1 | INTRODUCTION

Abstract

Background: Several genome-wide association studies already explored the asso-
ciations between 6q25.1 rs2046210 polymorphism and breast cancer (BC), but the
results of these studies were not consistent. Thus, we conducted a meta-analysis of
relevant studies to better analyze the effects of rs2046210 polymorphism on indi-
vidual susceptibility to BC.

Methods: PubMed, Web of Science, and Embase were searched for eligible studies.
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated.

Results: Totally 21 studies with 261,703 subjects were analyzed. A significant as-
sociation with BC was observed for the rs2046210 polymorphism in GG versus GA
+AA (dominant comparison, p < 0.0001, OR = 0.78, 95% CI 0.73-0.83), AA versus
GG + GA (recessive comparison, p < 0.0001, OR = 1.21, 95% CI 1.18-1.24), GA
versus GG + AA (overdominant comparison, p < 0.0001, OR = 1.12, 95% CI 1.08-
1.16), and G versus A (allele comparison, p < 0.0001, OR = 0.86, 95% CI 0.82—
0.89). Further subgroup analyses yielded similar positive results in both Asians and
Caucasians.

Conclusion: In summary, our findings suggested that the rs2046210 polymorphism

may serve as a potential genetic biomarker of BC in both Asians and Caucasians.
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Despite its high prevalence, the pathogenesis of BC is still
not fully understood. Although obesity, hormone replace-

Breast cancer (BC) refers to malignancy that develops from
epithelial tissue of breast. It is the second most common can-
cer globally, and the most frequent cancer among females
(Siegel, Ma, Zou, & Jemal, 2014). In spite of rapid progress
in chemotherapy and minimally invasive surgery achieved in
the last few decades, BC still ranks as the fifth most common
cause of cancer-related deaths in both sexes, and the primary
cause of cancer-related deaths in women (Ferlay et al., 2015).

ment therapy, and radiation were identified as potential risk
factors of developing BC (Sun et al., 2017; Winters, Martin,
Murphy, & Shokar, 2017), the fact that not everyone exposed
to above-mentioned carcinogenic factors ultimately develop
BC suggests that inherited factors are also involved in the
development of BC.

Recently, a genome-wide association study (GWAS)
conducted by zheng et al found that the rs2046210 G/A
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polymorphism at 6q25.1 was significantly associated with an
elevated susceptibility to BC in both Chinese and Europeans
(Zheng et al., 2009). Since then, numerous genetic associ-
ation studies were performed in diverse populations, with
inconsistent results (Barzan et al., 2013; Dai et al., 2012;
Garehdaghchi, Derakhshan, & Khaniani, 2016; Han et al.,
2011). Therefore, we conducted a meta-analysis of all rele-
vant studies to better analyze the effects of rs2046210 poly-
morphism on individual susceptibility to BC.

2 | MATERIAL AND METHODS

2.1 | Literature search and inclusion criteria

The current meta-analysis followed the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
checklist (Moher, Liberati, Tetzlaff, Altman, & PRISMA
group, 2009). PubMed, Web of Science, and Embase were
searched for potentially eligible articles using the combi-
nation of following terms: “6q25.1,” “rs2046210,” “poly-
morphism,” “variant,” “variation,” “mutation,” “genotype,”
“allele,” and “breast cancer.” We also reviewed the refer-
ence lists of all retrieved articles for other potentially eligible
studies.

To test the research hypothesis of this meta-analysis,
included studies should meet all the following criteria:
(a) case—control study about rs2046210 polymorphism
and BC; (b) providing sufficient data for calculating
odds ratios (ORs) and 95% confidence intervals (Cls);
(c) full text in English available. Studies were excluded
if one of the following conditions was fulfilled: (a) not
related to rs2046210 polymorphism and BC; (b) pedi-
gree studies; (c) case reports or case series. In the case of
duplicate reports by the same authors, we only included
the most recent study.
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2.2 | Data extraction and quality assessment

We extracted the following information from eligible stud-
ies: (a) name of the first author; (b) year of publication; (c)
country and ethnicity of participants; (d) sample size; and
(e) the genotypic distribution of 152046210 polymorphism in
cases and controls. The probability value (p value) of Hardy—
Weinberg equilibrium (HWE) was also calculated.

We used the Newcastle—Ottawa scale (NOS) to evaluate
the quality of eligible studies (Stang, 2010). The NOS has a
score range of zero to nine, and studies with a score of more
than seven were thought to be of high quality.

Two reviewers conducted data extraction and quality as-
sessment independently. When necessary, we wrote to the
corresponding authors for extra information. Any disagree-
ment between two reviewers was solved by discussion until a
consensus was reached.

2.3 | Statistical analyses

In the current study, we performed statistical analyses by
using Review Manager Version 5.3.3. We calculated ORs
and 95% ClIs to estimate potential associations between
1s2046210 polymorphism and BC in dominant (GG vs. GA
+ AA), recessive (AA vs. GG + GA), additive (GA vs. GG
+ AA) and allele (G vs. A) models, and a p value of 0.05 or
less was defined as statistically significant. Between-study
heterogeneities were evaluated by P statistic. Random-ef-
fect models (REMs) would be used for analyses if I was
>50%. Otherwise, analyses would be conducted with fixed-
effect models (FEMs). Subgroup analyses were subsequently
carried out by ethnicity. Stabilities of synthetic results
were tested in sensitivity analyses. Publication biases were
assessed by funnel plots.

3 | RESULTS

3.1 | Characteristics of included studies

We found 171 articles by using our searching strategy. After
excluding irrelevant and duplicate articles, 29 articles were
retrieved for further evaluation. Another eight articles were
subsequently excluded after reading the full text. Ultimately,
a total of 21 eligible studies involving 131,785 cases and
129,918 controls were enrolled for analyses (see Figure 1).
Characteristics of included studies were shown in Table 1.

3.2 | Overall and subgroup analyses

Totally 261,703 subjects were analyzed. A significant as-
sociation with BC was observed for the rs2046210 poly-
morphism in GG versus GA + AA (dominant comparison,
p <0.0001, OR =0.78, 95% CI 0.73-0.83), AA versus GG
+GA (recessive comparison, p < 0.0001, OR = 1.21, 95%
CI 1.18-1.24), GA versus GG + AA (overdominant com-
parison, p < 0.0001, OR = 1.12, 95% CI 1.08-1.16), and G
versus A (allele comparison, p < 0.0001, OR = 0.86, 95% CI
0.82-0.89). Further subgroup analyses yielded similar posi-
tive results in both Asians and Caucasians (see Table 2).

3.3 | Sensitivity analyses

We conducted sensitivity analyses by eliminating one indi-
vidual study each time. The significant associations detected
in pooled analyses remained unchanged in all comparisons,
which suggested that our findings were statistically stable.

3.4 | Publication biases

We used funnel plots to evaluate potential publication bi-
ases. The shape of funnel plots was symmetry for every
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Records identified through Additional records identified
electronic database searching through other sources
(n=171) (n=0)
A v
Records after duplicates removed
(n=164)
y
Records screened Records excluded after reading
(n=164) " titles and abstracts
(n=135)
A 4
Articles assessed
for eligibility
(n=29) Articles excluded with reasons
(n=8)
Reviews/comments/letters (n=4)
v Incomplete data (n=4)
Studies included in
qualitative synthesis
(systematic review)
(n=21)
y
Studies included in
quantitative synthesis
(meta-analysis)
FIGURE 1 Flowchart of study (n=21)

selection for the present study

comparison, which indicated that severe publication biases
were unlikely.

4 | DISCUSSION

To the best of our knowledge, this is so far the most com-
prehensive meta-analysis about rs2046210 polymorphism
and BC. The pooled analyses revealed that the rs2046210
polymorphism was significantly associated with BC in both
Asians and Caucasians. The stabilities of synthetic results
were evaluated by sensitivity analyses, and no alterations of
results were observed in any comparisons, which suggested
that our findings were statistically stable. As for evaluation
of heterogeneities, significant heterogeneities were detected
in every comparison of overall analyses, and thus all analyses
were performed with REMs. But in further subgroup analyses,

a reduction tendency of heterogeneity was found for Asians,
which suggested that differences in ethnicity could partially
explain observed heterogeneities between studies.

There are several points that worth noting about this
meta-analysis. Firstly, the 6q25.1 rs2046210 polymor-
phism is located within 1-Mb upstream of ESRI, the en-
coder of ERa. Since it was evident the binding of estrogen
and ERa could result in increased proliferation of normal
and cancerous breast epithelial cells (Ali & Coombes,
2000; Russo & Russo, 2006), it is possible that rs2046210
polymorphism may alter the expression level of ESR/ and
consequentially influence individual susceptibility to BC.
Secondly, the etiology of BC is extremely complex, and as
a consequence, to better elucidate potential roles of genetic
variations in BC, we strongly recommend future studies to
conduct haplotype analyses and investigate potential gene—
gene interactions.
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TABLE 2 Results of overall and subgroup analyses for rs2046210 polymorphism and breast cancer

Allele comparison

Recessive comparison Overdominant comparison

Dominant comparison

IZ

12

p Value
OR

12

P statistic

OR (95% CI)

statistic p Value
62% 0.86

OR (95% CI)

1.12

p Value

statistic
72%

(95% CI)
1.21

p Value OR (95% CI) statistic
<0.0001 0.78 (0.73-0.83)

Sample size

Population

89%

<0.0001 <0.0001

<0.0001

88%

131,785/129,918

Overall

(0.82-0.89)

0.79

(1.08-1.16)

1.16

(1.18-1.24)

1.

87%

<0.0001

0%

<0.0001

13%

39

0% <0.0001

<0.0001  0.72 (0.70-0.75)

38,294/34,469

Asian

(0.73-0.84)

0.91

(1.12-1.20)

1.08

(1.32-1.46)

1.14

64%

<0.0001

64%

0.001

0%

<0.0001

<0.0001 0.86 (0.82-0.91) 71%

86,123/88,022

Caucasian

(0.88-0.94)

(1.03-1.14)

(1.11-1.18)

Notes. CI: Confidence interval; NA: Not available; OR: Odds ratio.

The values in bold represent there are statistically significant differences between cases and controls.

Open Access,

Some limitations of this meta-analysis should also be
noted when interpreting our findings. First, our pooled anal-
yses were based on unadjusted estimations due to lack of raw
data, but we have to admit that failure to perform further ad-
justed analyses may impact the reliability of our findings (Xie,
Shi, & Liu, 2017). Second, heterogeneities between studies
remained significant in certain subgroup comparisons, espe-
cially for Caucasians, which suggested that the inconsistent
results of included studies could not be fully attributed to eth-
nicity, and differences in other unmeasured characteristics of
participants may also contribute to heterogeneities (Shi, Xie,
Jia, & Li, 2016). Third, associations between 152046210 poly-
morphism and BC may also be modified by gene—gene and
gene—environmental interactions. However, most studies did
not consider these potential interactions, which impeded us
to conduct relevant analyses (Shi et al., 2015). Considering
the above-mentioned limitations, our findings should be inter-
preted with caution.

S | CONCLUSIONS

In summary, our meta-analysis suggested that the
152046210 polymorphism may serve as a potential genetic
biomarker of BC in both Asians and Caucasians. However,
further well-designed studies are still needed to confirm
our findings.
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