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Abstract Genetic polymorphisms of RAD51 135 G>C and
XRCC2 G>A (rs3218536) have been reported to change the
risk of ovarian cancer, but the results are controversial. To get
a more precise result, a meta-analysis was performed. A
comprehensive literature search in PubMed, Excerpta Medica
Database, and China National Knowledge Infrastructure was
carried out to get case–control studies published up to No-
vember 2013. The pooled odds ratio (OR) and its correspond-
ing 95 % confidence interval (CI) were conducted to estimate
the effect of RAD51135 G>C and XRCC2 G>A (rs3218536)
polymorphisms on ovarian cancer risk. A total of 13 indepen-
dent case–control studies with 5,927 cases and 10,303 con-
trols were included in this meta-analysis. There was no

significant association between RAD51 135 G>C polymor-
phism and risk of ovarian cancer. However, the result of total
studies indicated the XRCC2 G>A (rs3218536) polymor-
phism could reduce the risk of ovarian cancer (heterozygote
model AG vs. GG: OR=0.877, 95 % CI=0.770–0.999, P=
0.048; dominant model AA/AG vs. GG: OR=0.864, 95 %
CI=0.763–0.979, P=0.022). The result was still significant
after Hardy–Weinberg equilibrium-violating studies were
excluded (allele contrast A vs. G: OR=0.836, 95 % CI=
0.74–0.943, P=0.004; homozygote model AA vs. GG:
OR=0.562, 95 % CI=0.317–0.994, P=0.048; heterozygote
model AG vs. GG: OR=0.859, 95 % CI=0.753–0.98, P=
0.023; dominant model AA/AG vs. GG: OR=0.842, 95 %
CI=0.74–0.958, P=0.009). In the stratified analysis by eth-
nicity, significantly reduced risk was observed among Cauca-
sians in dominant model (AA/AG vs. GG: OR=0.867, 95 %
CI=0.764–0.984, P=0.027). No significant association was
found between the RAD51 135G>C polymorphism and the
risk of ovarian cancer. Interestingly, XRCC2 G>A
(rs3218536) polymorphism might reduce the risk of ovarian
cancer. Larger-scale and well-designed studies are needed to
further clarify the association.

Keywords RAD51 . XRCC2 . Polymorphism . Ovarian
cancer . Meta-analysis

Introduction

Ovarian cancer (OC) is one of the most common cancers of
the female genital tract and is the most fatal gynecologic
cancer. The incidence of OC in Europe was 13.1 per
100,000, and the mortality was 7.6 per 100,000 on the basis
of EUCAN investigation, in 2012 (http://eco.iarc.fr/EUCAN/
Country.aspx?ISOCountryCd=968). What is worse is that the
pathogenesis of OC is not completely understood yet. As
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roughly as 85 % of ovarian cancers are sporadic and 15 % are
familial; it has been assumed that both genetic and
environmental factors might be important in the
development of ovarian cancer [1]. Multiple factors for
ovarian cancer include age, family history of ovarian
cancer, gravidity, and potentially the long-term use of hor-
mone supplement therapy [1, 2]. Incessant ovulation may
contribute to the evolution of ovarian cancer. During ovu-
lation, the period in which the ovarian surface epithelium
releases the ovum, the ovarian surface cells are exposed to
inflammatory cytokines and oxidants that could bring about
DNA damage into the ovarian epithelial layer [3]. In addi-
tion, repetitive ovulation increases the quantity of epithelial
cell division, which finally induces DNA damage and le-
sions. If the lesions cannot be recognized and repaired, there
will be an accumulation of potentially carcinogenic muta-
tions [4, 5]. If these mutations are left unrepaired, these may
result in carcinoma [6].

DNA damage interferes mitosis and the isolation of chro-
mosomes. Such problems can be solved by homologous re-
combination repair (HRR) [7]. HRR is a key pathway to repair
the DNA double-strand breaks (DSBs) and maintain the ge-
netic stability [8, 9]. The central HR protein is RAD51, which
propels strand exchange between unimpaired and impaired
homologous DNA fragments insuring high quality of repro-
duction of DNA repair [7, 9]. RAD51 is a homologue of the
RecA protein and is involved in the HRR of DNA double-
strand break repair (DSBR) [10]. RAD51-deficient cells dem-
onstrate genetic instability [8]. DNA repair protein RAD51
contains 339 amino acids and is encoded by the RAD51 gene.
RAD51 gene is located at the human chromosome 15q15.1
and is highly polymorphic [11]. It has been identified that the
single-nucleotide polymorphism (SNP)-135G>C (rs1801320)
in the 5′untranslated region (UTR) of RAD51 may alter dis-
ease risk [12].

The X-ray repair cross-complementing group 2 protein
(XRCC2), encoded by XRCC2, is one of the members of
RAD51-related proteins. It may take part in the HRR of
DNA DSBR and maintain genomic stability [7–9]. The
XRCC2 gene, located on 7q36.1, is a functional candidate in
neoplasia [13]. A number of studies have been preformed to
investigate the relationship of XRCC2 polymorphism on var-
ious neoplasm, such as breast cancer, pancreatic cancer, cer-
vical cancer, and upper aerodigestive tract cancer [14–17].
Common SNP Arg188His (R188H, rs3218536) of XRCC2
has been identified yet.

Hitherto, a number of molecular epidemiologic studies have
been preformed to evaluate the effect of RAD51135 G>C and
XRCC2 G>A (rs3218536) polymorphisms on ovarian cancer
risk in different populations [18–25]. However, the results were
controversial. To further evaluate the role of RAD51135 G>C
and XRCC2 G>A (rs3218536) polymorphisms in ovarian can-
cer, we conducted a meta-analysis.

Materials and methods

Search strategy

To insure all case–control studies on the effect of RAD51135
G>C and XRCC2 G>A (rs3218536) polymorphisms on ovar-
ian cancer risk published up to November 2013, we conducted
a comprehensive literature search in PubMed, Excerpta
Medica Database (Embase), and China National Knowledge
Infrastructure (CNKI), using the following key words: (ovar-
ian cancer, ovarian carcinoma, or ovarian tumor) and
(RAD51, XRCC2, or X-ray repair cross-complementing
group 2) and (polymorphism or polymorphisms). All eligible
studies were retrieved, and their references were searched
manually. There was no language or population restriction.
The literature retrieval was performed in duplication by two
independent reviewers (Shujing Shi and Lingyan Qin). When
the same or overlapping data was used in multiple publica-
tions, we chose the most complete one.

Inclusion and exclusion criteria

Human-associated studies included in the meta-analysis must
meet the following criteria. They (a) have case–control de-
signs, (b) evaluated the effect of RAD51135 G>C and XRCC2
G>A (rs3218536) polymorphisms on ovarian cancer risk, and
(c) supplied sufficient reported genotypic frequencies in both
cases and controls for estimating an odds ratio (OR) with its
95 % confidence interval (CI). Exclusion criteria were as
follows: They are (a) not case–control studies; (b) case reports,
reviews, or letters; (c) control population including patients;
and (d) studies contained overlapping data.

Data extraction

Information was carefully extracted from all eligible publica-
tions by two authors independently according to the inclusion
criteria listed above, and consensus was finally reached on all
items. The following information was collected: first author's
surname, year of publication, country of origin, ethnicity,
source of control, method of genotyping, numbers of cases
and controls, Hardy–Weinberg equilibrium (HWE) of con-
trols, and the frequency of genotypes in both cases and con-
trols. Ethnic backgrounds were categorized as Caucasian and
mixed.

Statistical analysis

The risked associations of ovarian cancer and polymorphisms
of RAD51 135 G>C and XRCC2 G>A (rs3218536) genes
were estimated by OR, together with its 95 % CI. The signif-
icance of the pooled OR was determined by Z test, and a P
value of less than 0.05 was considered significant. The pooled
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ORs were performed in five genetic comparisons. For RAD51
135 G>C polymorphism, there were allele contrast (C vs. G),
homozygote model (CC vs. GG), heterozygote model (CG vs.
GG), dominant model (CC/CG vs. GG), and recessive model
(CC vs. CG/GG). For XRCC2 G>A (rs3218536) polymor-
phism, there were allele contrast (Avs. G), homozygote model
(AA vs. GG), heterozygote model (AG vs. GG), dominant
model (AA/AG vs. GG), and recessive model (AA vs. AG/
GG). Subgroup analyses were done by ethnicity (Caucasian
and mixed) and studies obeying HWE.

Heterogeneity was calculated by the chi-square-based Q
test. In addition, the percentage of total variation due to
heterogeneity was quantified by the I2 value [26]. If PQ≥0.1
and I2<50 %, we used the fixed-effects model (the Mantel–
Haenszel method) to pool the results [27]. Otherwise, the
random-effects model (the DerSimonian and Laird's method)
was used [28]. If heterogeneity was observed, meta-regression
and subgroup analyses were used to identify the sources of
heterogeneity. Furthermore, the Galbraith plot was also used
to identify the outliers as the possible sources of between-
study heterogeneity [29].

The stability of our pooled results in the meta-analysis
was measured by a sensitivity analysis, which was carried
out by sequential omission of a single study [30]. The
distribution of genotypes in the controls was assessed for
HWE by a goodness-of-fit chi-square test. Begg's funnel
plot and Egger's test were applied to examine the publica-
tion bias (P<0.05 of Egger's test was considered statistical-
ly significant publication bias) [31, 32]. All analyses were
performed using Stata software, version 12.0 (StataCorp,
College Station, TX). Two-tailed P<0.05 was considered
statistically significant.

Results

Study characteristics

There were 28 articles relevant to searching strategy
through PubMed, Embase, and CNKI. Eleven eligible arti-
cles were selected by screening the title, abstract, or content.
Regarding one article [33], we e-mailed the author, but we
still did not get its data. After excluding the two duplicated
articles, there were eight eligible literatures that remained
finally. According to the exclusion criteria, study 1 by
Beesley et al. [21] was excluded, because the study had
been previously reported by Webb et al. [20]. Thus, a total
of eight articles (13 independent case–control studies) in-
cluding 5,927 cases and 10,303 controls were included in
this meta-analysis. The characteristics of the selected stud-
ies are shown in Tables 1 and 2.

For RAD51135 G>C polymorphism, a total of five articles
containing ten studies were included in the meta-analysis with

2,648 cases and 4,369 controls. There were nine studies of
Caucasians and one mixed. Most of the controls (70 %) were
population-based participants [18, 19, 24]. Two genotyping
methods were used, including PCR-RFLP and TaqMan. The
genotype distributions of the controls in three studies [19, 20,
25] violated HWE.

For XRCC2 G>A (rs3218536) polymorphism, totally, five
articles including nine studies met the inclusion criteria and
were selected in this meta-analysis with 3,279 cases and 5,934
controls. There were eight studies of Caucasians and one
mixed in this part. Five studies were population-based [18,
21], and four were hospital-based studies. There were two
genotyping methods including PCR-RFLP and TaqMan. The
genotype distributions of the controls in two studies [22, 23]
did not conform to HWE.

Meta-analysis

For RAD51 135 G>C polymorphism, the association be-
tween RAD51135 G>C polymorphism and ovarian cancer
risk is listed in Table 3. No significant heterogeneity was
observed in the pooled analysis (PQ≥0.1 and I2<50 %);
thus, fixed-effects model was applied. The results of total
studies showed that there was no association between the
RAD51135 G>C polymorphism and ovarian cancer risk (C
vs. G: OR=1.056, 95 % CI=0.912–1.222, P=0.467; CC vs.
GG: OR=1.264, 95 % CI=0.621–2.573, P=0.519; CG vs.
GG: OR=1.046, 95 % CI=0.894–1.225, P=0.571; CC/CG
vs. GG: OR=1.001, 95 % CI=0.867–1.155, P=0.988
(Fig. 1); CC vs. CG/GG: OR=1.244, 95 % CI=0.611–
2.531, P=0.547). The association was not observed neither
in ethnic subgroups nor genotyping methods. Detailed data
are shown in Table 3.

For XRCC2 G>A (rs3218536) polymorphism, association
between XRCC2 G>A (rs3218536) polymorphism and ovar-
ian cancer risk is summarized in Table 4. The between-study
heterogeneity was significant in allele contrast (A vs. G) and
homozygote model (AA vs. GG), when all studies were
pooled into meta-analysis (PQ<0.1 or I2≥50 %). Thus, the
random-effects model was used to pool the results. The results
of the total studies showed that XRCC2 G>A (rs3218536)
polymorphism was associated with reduced risk of ovarian
cancer (heterozygote model AG vs. GG: OR=0.877, 95 %
CI=0.770–0.999, P=0.048; dominant model AA/AG vs. GG:
OR=0.864, 95 % CI=0.763–0.979, P=0.022) (Fig. 2). After
omitting the HWE-violating studies, significantly reduced
risks were still found in allele contrast (A vs. G: OR=0.836,
95 % CI=0.74–0.943, P=0.004), homozygote model (AAvs.
GG: OR=0.562, 95 % CI=0.317–0.994, P=0.048), heterozy-
gote model (AG vs. GG: OR=0.859, 95 % CI=0.753–0.98,
P=0.023), and dominant model (AA/AG vs. GG: OR=0.842,
95 % CI=0.74–0.958, P=0.009).When stratified by ethnicity,
significant associations were observed for Caucasian
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subgroup in dominant model (AA/AG vs. GG: OR=0.867,
95 % CI=0.764–0.984, P=0.027).

Heterogeneity analysis

For RAD51 135 G>C polymorphism, we did not find any
between-study heterogeneity in all of the genetic models
among the overall populations and the subgroup analyses.

For XRCC2 G>A (rs3218536) polymorphism, there was
a significant heterogeneity found in allele contrast (Avs. G:
PQ=0.057, I

2=48.9) and homozygote model (AA vs. GG:
PQ=0.099, I

2=41.9) among the overall populations. We
performed a meta-regression and subgroup analysis to ex-
plore the source of heterogeneity. Ethnicity and studies of
HWE might lead to heterogeneity. When we performed
subgroup analyses stratified by ethnicity, heterogeneity still
existed in all the above two models in Caucasians. Beyond
that, there was a significant heterogeneity which appeared
in heterozygote model among Caucasians. To further find

out the heterogeneity, we performed Galbraith plot analysis
to spot the outliers which might lead to the heterogeneity.
The results revealed that the study by Mohamed et al. [22]
was the outlier in allele contrast, homozygote model, het-
erozygote model, and dominant model (Fig. 3). After ex-
cluding this study [22], we found that all I2 values decreased
obviously and PQ values were greater than 0.1 in all genetic
models in the overall populations (allele contrast A vs. G:
PQ=0.921, I

2=0; homozygote model AA vs. GG: PQ=
0.772, I2=0) and Caucasians (allele A vs. G: PQ=0.857,
I2=0; homozygote model AA vs. GG: PQ=0.651, I

2=0).
When the HWE-violating studies were omitted, the results
showed that there was no heterogeneity in any models
among the overall populations.

Sensitivity analyses and publication bias

Sensitivity analysis was carried out by sequential deletion of
individual studies. The summary result was not completely

Table 1 Main characteristics of all studies of RAD51135 G>C polymorphism included in the meta-analysis

First author Year Country Ethnicity Source of control Method of genotyping Sample size (case/control) HWE of controls

Wang [24] (a) 2001 Israel Caucasian PB PCR-RFLP 206/144 Yes

Wang [24] (b) 2001 Israel Caucasian PB PCR-RFLP 98/77 Yes

Levy-Lahad [25] 2001 Israel Caucasian HB PCR-RFLP 42/90 NA

Auranen [18] (a) 2005 UK Caucasian PB TaqMan 729/847 Yes

Auranen [18] (b) 2005 Denmark Caucasian PB TaqMan 326/419 Yes

Auranen [18] (c) 2005 USA Caucasian PB TaqMan 278/699 Yes

Auranen [18] (d) 2005 UK Caucasian PB TaqMan 296/840 Yes

Webb [20] (a) 2005 Australia Caucasian HB PCR-RFLP 451/953 No

Webb [20] (b) 2005 Australia Mixed HB PCR-RFLP 95/173 Yes

Jakubowska [19] 2007 Poland Caucasian PB PCR-RFLP 127/127 NA

HWE Hardy–Weinberg equilibrium, HB hospital-based, PB population-based, NA the exact data of genotypes for calculating P value of HWE was not
available, but was reported as not in HWE in the study

Table 2 Main characteristics of all studies of XRCC2 G>A (rs3218536) polymorphism included in the meta-analysis

First author Year Country Ethnicity Source of control Method of genotyping Sample size (case/control) HWE of controls

Auranen [18] (a) 2005 UK Caucasian PB TaqMan 729/842 Yes

Auranen [18] (b) 2005 Denmark Caucasian PB TaqMan 315/404 Yes

Auranen [18] (c) 2005 USA Caucasian PB TaqMan 269/561 Yes

Auranen [18] (d) 2005 UK Caucasian PB TaqMan 275/1,811 Yes

Webb [20] (a) 2005 Australia Caucasian HB PCR-RFLP 430/950 Yes

Webb [20] (b) 2005 Australia Mixed HB PCR-RFLP 94/168 Yes

Beesley [21] 2007 Australia Caucasian PB PCR-RFLP 923/818 Yes

Jakubowska [23] 2009 Poland Caucasian HB PCR-RFLP 144/280 NA

Mohamed [22] 2012 Egypt Caucasian HB PCR-RFLP 100/100 No

HWE Hardy–Weinberg equilibrium, HB hospital-based, PB population-based, NA the exact data of genotypes for calculating P value of HWE was not
available, but was reported as not in HWE in the study
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influenced after exclusion of individual study in sensitivity
analyses. The result of sensitivity analysis affirmed the stabil-
ity of our overall results.

Both Begg's funnel plot and Egger's test were used to
assess the publication bias of the literatures included in this
meta-analysis. The shapes of the funnel plot were relatively

Table 3 Meta-analysis of RAD51135 G>C polymorphism with the ovarian cancer risk

Comparison Population Number of studies Test of association Model Test of heterogeneity Pegger

OR 95 % CI P PQ I2 (%)

C vs. G Overall 7 1.056 0.912–1.222 0.467 Fixed 0.469 0 0.543

Caucasian 6 1.042 0.896–1.212 0.596 Fixed 0.398 2.8 0.727

Mixed 1 1.285 0.724–2.282 0.392 Fixed – – –

Studies in HWE 5 1.023 0.864–1.211 0.789 Fixed 0.316 15.5 0.782

CC vs. GG Overall 6 1.264 0.621–2.573 0.519 Fixed 0.508 0 0.166

Caucasian 5 1.145 0.545–2.406 0.72 Fixed 0.499 0 0.378

Mixed 1 5.698 0.229–141.598 0.288 Fixed – – –

Studies in HWE 5 1.819 0.745–4.441 0.189 Fixed 0.594 0 0.561

CG vs.GG Overall 7 1.046 0.894–1.225 0.571 Fixed 0.382 5.9 0.635

Caucasian 6 1.037 0.882–1.221 0.657 Fixed 0.285 19.6 0.745

Mixed 1 1.191 0.637–2.226 0.584 Fixed – – –

Studies in HWE 5 0.985 0.822–1.180 0.87 Fixed 0.358 8.5 0.792

CG/CC vs.GG Overall 10 1.001 0.867–1.155 0.988 Fixed 0.214 25 0.769

Caucasian 9 0.989 0.853–1.146 0.88 Fixed 0.175 30.4 0.651

Mixed 1 1.25 0.674–2.320 0.479 Fixed – – –

Studies in HWE 7 0.999 0.845–1.182 0.995 Fixed 0.505 0 0.985

CC vs. GG/GC Overall 6 1.244 0.611–2.531 0.547 Fixed 0.502 0 0.16

Caucasian 5 1.129 0.538–2.369 0.749 Fixed 0.487 0 0.361

Mixed 1 5.508 0.222–136.537 0.298 Fixed – – –

Studies in HWE 5 1.808 0.740–4.415 0.194 Fixed 0.6 0 0.565

PQ value used to test the heterogeneity, CI confidence interval, OR odds ratio, HWE Hardy–Weinberg equilibrium

Fig. 1 Forest plot showed that
RAD51135 G>C polymorphism
was not associated with ovarian
cancer susceptibility under
dominant model (CC/CG vs. GG)
among the overall populations
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straightforward to discover the publication bias, but they did
not reveal obvious evidence of asymmetry. P values of
Egger’s tests provided statistical evidence of funnel plots’

symmetry. As a result, both the shape of the funnel plot
(Fig. 4) and Egger's test value did not suggest any evidence
of obvious asymmetry (Tables 3 and 4).

Table 4 Meta-analysis of XRCC2 G>A (rs3218536) polymorphism with the ovarian cancer risk

Comparison Population Number of studies Test of association Model Test of heterogeneity Pegger

OR 95 % CI P PQ I2 (%)

A vs. G Overall 8 0.887 0.745–1.055 0.175 Random 0.057 48.9 0.88

Caucasian 7 0.892 0.742–1.073 0.226 Random 0.035 55.8 0.983

Mixed 1 0.765 0.343–1.708 0.513 fixed – – –

Studies in HWE 7 0.836 0.740–0.943 0.004 fixed 0.536 0 0.294

AA vs. GG Overall 8 0.822 0.394–1.716 0.602 Random 0.099 41.9 0.321

Caucasian 7 0.808 0.362–1.804 0.603 Random 0.061 50.1 0.309

Mixed 1 0.819 0.051–13.238 0.888 fixed – – –

Studies in HWE 7 0.562 0.317–0.994 0.048 fixed 0.834 0 0.484

AG vs.GG Overall 8 0.877 0.770–0.999 0.048 fixed 0.143 35.8 0.738

Caucasian 7 0.886 0.733–1.071 0.211 Random 0.096 44.2 0.571

Mixed 1 0.744 0.305–1.816 0.516 fixed – – –

Studies in HWE 7 0.859 0.753–0.980 0.023 fixed 0.372 7.4 0.328

AA/AG vs.GG Overall 9 0.864 0.763–0.979 0.022 fixed 0.15 33.5 0.592

Caucasian 8 0.867 0.764–0.984 0.027 fixed 0.104 41.2 0.463

Mixed 1 0.751 0.319–1.765 0.511 fixed – – –

Studies in HWE 7 0.842 0.74–0.958 0.009 fixed 0.44 0 0.318

AA vs. AG/GG Overall 8 0.961 0.64–1.442 0.848 fixed 0.254 22.1 0.053

Caucasian 7 0.964 0.639–1.453 0.86 fixed 0.175 33.1 0.046

Mixed 1 0.838 0.052–13.533 0.901 fixed – – –

Studies in HWE 7 0.57 0.322–1.010 0.054 fixed 0.827 0 0.51

PQ value used to test the heterogeneity, CI confidence interval, OR odds ratio, HWE Hardy–Weinberg equilibrium

Fig. 2 Forest plot showed that
XRCC2 G>A (rs3218536)
polymorphism was associated
with reduced risk of ovarian
cancer in dominant model (TT/
CT vs. CC) among the overall
populations
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Discussion

Maintenance of genome stability by reliable DNA DSB repair
is an indispensable part of the cell. If the proteins included in
discovering DSBs cannot work normally, they might lead to a
malignancy [34]. RAD51 is the central HR protein. XRCC2 is
one of the members of RAD51-related proteins involved in
the HRR pathway responsible for DNA double-strand break
repair and genomic stability [7–9]. Genetic polymorphisms
can reduce DNA repair capability and increase risk to human
solid tumors [35]. Many literatures have reported the role of
RAD51 and XRCC2 polymorphisms on ovarian cancer risk
[18–25]. But the conclusions are controversial. In order to
estimate the effect of RAD51 135 G>C and XRCC2 G>A
(rs3218536) polymorphisms on ovarian cancer risk precisely,
we performed this meta-analysis.

This paper included eight articles (13 independent case–
control studies) with 5,927 cases and 10,303 controls. The
results of the meta-analysis showed that RAD51 135 G>C

polymorphism was not associated with ovarian cancer risk in
the overall populations and all subgroups. However, we found
that the XRCC2 G>A (rs3218536) polymorphism was associ-
ated with the reduced risk of ovarian cancer when all studies
were pooled into meta-analysis (heterozygote model AG vs.
GG: OR=0.877, 95 % CI=0.770–0.999, P=0.048; dominant
model AA/AG vs. GG: OR=0.864, 95 % CI=0.763–0.979,
P=0.022). In the stratified analysis by ethnicity, significantly
reduced risks were observed among Caucasians in dominant
model (AA/AG vs. GG: OR=0.867, 95 % CI=0.764–0.984,
P=0.027). As we all know, if the distributions of genotypes in
the control groups were not in HWE, the results of genetic
association might be not reliable [36]. Then, we performed an
analysis by HWE-obeying studies. Subsequently, significantly
reduced risks were still found in allele contrast, homozygote
model, heterozygote model, and dominant model.

Heterogeneity was a common problem in meta-analysis.
To find out the source of it is very important. We performed
subgroup analyses stratified by ethnicity, but heterogeneity
still existed. To further find out the between-study hetero-
geneity, we carried out Galbraith plots analysis to find out
the outliers which might result in the heterogeneity. After
excluding the outlier study [22], the between-study hetero-
geneity disappeared. Interestingly, significant associations
were observed after omitting this article in allele contrast (A
vs. G: OR=0.873, 95 % CI=0.768–0.991, P=0.036), ho-
mozygote model (AAvs. GG: OR=0.537, 95 % CI=0.298–
0.968, P=0.039), and recessive model (AA vs. AG/GG:
OR=0.543, 95 % CI=0.301–0.980, P=0.043) among the
overall populations. It indicated that the main source of
heterogeneity might be the outlier study [22]. By subgroup
analysis, we also found that ethnicity and studies of HWE
might contribute to heterogeneity. It is widely believed that
the source of heterogeneity is varied extensively. Genetic
backgrounds, environmental exposures, methodology, sam-
ple size, etc. may influence results. Sensitivity analyses and
publication bias were used in our study to guarantee that our
results are more stable.

Although comprehensive meta-analysis was used to dem-
onstrate the association, several limitations should be noted.
Firstly, in this meta-analysis, only published studies were
included, while some unpublished studies were omitted. Sec-
ondly, most studies were performed in Caucasians, so there
were insufficient original studies which investigated the Afri-
cans, Asians, and other populations. Further studies will be
needed in other ethnic groups in order to assess the effect of
RAD51 135 G>C and XRCC2 G>A (rs3218536) polymor-
phisms on ovarian cancer risk. Thirdly, there were 5 of the 13
included studies which violated the law of HWE.

In summary, this meta-analysis suggested that no signifi-
cant association was found between the RAD51 135 G>C
polymorphism and the risk of ovarian cancer. Interestingly,
XRCC2 G>A (rs3218536) polymorphism might reduce the

Fig. 3 Galbraith's plot of XRCC2 G>A (rs3218536) polymorphism and
ovarian cancer risk in homozygote model (AA vs. GG). The study of
Mohamed et al. was spotted as the outlier

Fig. 4 Begg's funnel plot ofRAD51135G>C polymorphism and ovarian
cancer risk did not indicate any evidence of obvious asymmetry under
dominant model (CC/CG vs. GG) of the overall populations
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risk of ovarian cancer. Larger-scale and well-designed studies
are needed to further clarify the association.
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