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ABSTRACT. Numerous studies have evaluated the association between 
the Arg188His polymorphism of the X-ray repair cross-complementing 
group 2 (XRCC2) gene and ovarian cancer risk. However, the specific 
association is still controversial. This meta-analysis was therefore 
designed to clarify these controversies. Relevant case-control studies 
were enrolled in the meta-analysis. Quality evaluation of the included 
studies was conducted by two physicians. Statistical analyses were 
carried out using the Stata 12.0 software for meta-analysis. Analyses 
of sensitivity and publication bias were also conducted. Overall, a 
significant association was found between the Arg188His polymorphism 
and ovarian cancer risk when all studies were pooled into the meta-
analysis (Arg/Arg vs His/His: OR = 1.85, 95%CI = 1.15-3.00; Arg/Arg 
vs Arg/His: OR = 1.17, 95%CI = 1.03-1.32; dominant model: OR = 0.84, 
95%CI = 0.74-0.95; recessive model: OR = 1.69, 95%CI = 1.05-2.70). 
This meta-analysis suggested that the XRCC2 Arg188His polymorphism 
was associated with the risk of ovarian cancer. Further large and well-
designed studies are needed to confirm these conclusions.
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INTRODUCTION

Ovarian cancer is one of the most common gynecological malignancies among women, 
especially those aged ≥50 years (Ferlay et al., 2010). Overall, 75% of patients are diagnosed 
at an advanced stage and consequently the 5-year survival rate is poor, since ovarian cancer is 
generally asymptomatic in its early stages and there is currently no effective screening method 
(Chang et al., 2011). Currently, the etiology and pathogenesis of ovarian cancer remain unclear. 
Parity, oral contraceptive use, and family history are well-known risk factors for ovarian 
cancer. In addition, the pathogenesis of ovarian cancer is thought to be influenced by multiple 
genetic factors, and many reports have highlighted the investigation of genes underlying the 
development and progression of ovarian cancer (Bae et al., 2014; Jiang et al., 2014).

DNA repair systems play critical roles in protecting against mutations and are essential 
for maintaining the integrity of the genome. To date, more than a hundred proteins implicated 
in DNA repair have been found in human cells. These proteins are implicated in five major 
DNA repair pathways, including nucleotide excision repair, base excision repair, mismatch 
repair, homologous recombination repair, and non-homologous end-joining (Wood et al., 
2001). The X-ray repair cross-complementing 2 (XRCC2) protein encodes a member of the 
RecA/Rad51-related protein family that participates in the homologous recombination repair 
pathway to maintain chromosome stability and repair DNA damage (Braybrooke et al., 2000).

The XRCC2 gene, located at 7q36.1, contains a G to A polymorphism located in exon 
3 resulting in a substitution of histidine (His) for arginine (Arg) (Arg188His) (Yu et al., 2010). 
In the past decade, a number of epidemiological studies have assessed the association between 
the Arg188His polymorphism in the XRCC2 gene and ovarian cancer risk. However, the results 
have been inconsistent. Meta-analysis can be a useful tool in detecting an association that could 
otherwise remain masked in studies with smaller sample size, especially in those evaluating 
rare allele frequency polymorphisms. The aim of this meta-analysis was to investigate the 
association between the XRCC2 Arg188His polymorphism and the susceptibility to ovarian 
cancer in all eligible case-control studies published to date.

MATERIAL AND METHODS

Literature search strategy

Study retrieval was conducted in PubMed and EMBASE databases using the terms 
“X-ray repair cross-complementing 2”, “XRCC2”, “meta analysis”, “Arg188His”, and 
“ovarian cancer” through June, 2014. The reference lists of major textbooks, reviews, and 
included articles were examined through manual searches to find other potentially eligible 
studies. Studies reported by the same authors, although published in different journals, were 
checked for possible overlapping participant groups. When pertinent data were not included, 
or data that were presented were unclear, the authors were contacted directly.

Inclusion and exclusion criteria

The inclusion criteria comprised: 1) case-control studies that addressed patients with 
ovarian cancer and healthy controls; 2) studies on the association of the XRCC2 Arg188His 
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polymorphism and susceptibility to ovarian cancer; 3) essential information about the 
distribution on genotype frequency was described in detail, and the data were extractable; 
4) there were detailed descriptions of study subject and DNA sources; and 5) the authors 
provided sample size, ORs and 95%CIs. The exclusion criteria comprised: 1) not case-control 
studies that evaluated the association between the XRCC2 Arg188His polymorphism and 
ovarian cancer risk; 2) case reports, letters, reviews, meta-analyses, and editorial articles; 3) 
reports in which the number of null- and wild-type genotypes could not be ascertained; 4) 
inclusion of duplicate data in the studies; and 5) lack of essential information. Additionally, 
we selected the most recent study when some reports were repeated.

Data extraction

Two investigators (M. Zhai and Y. Wang) independently extracted and checked 
the information; consensus was reached by discussion. From each of the included articles, 
the following information was extracted: first author, year of publication, area, numbers of 
patients and controls, distributions of genotypes and alleles, and evidence of Hardy-Weinberg 
equilibrium (HWE) (Table 1).

Statistical analysis

For each study, HWE was analyzed with a chi-square-based test. We calculated the 
ORs and corresponding 95%CIs to evaluate the association between the XRCC2 Arg188His 
polymorphism and ovarian cancer risk under a homozygote comparison (Arg/Arg vs His/His), 
a heterozygote comparison (Arg/Arg vs Arg/His), a dominant model (His/His + Arg/His vs 
Arg/Arg), and a recessive model (Arg/Arg + Arg/His vs His/His) between groups. The effect 
of heterogeneity was quantified using I2, which ranges between 0 and 100% and represents 
the proportion of study variability attributable to heterogeneity rather than chance. I2 values of 
25, 50, and 75% were nominally defined as low, moderate, and high estimates, respectively. 
When I2 > 50% indicated heterogeneity across studies, the random-effect model was used for 
meta-analysis; else the fixed-effect model was calculated. Sensitivity analysis was mainly 
performed by sequential omission of individual studies or non-HWE studies. Publication bias 
was investigated by funnel plot and Begg’s funnel plot. All statistical analyses were performed 
by using STATA version 12.0 (Stata Corporation, College Station, TX, USA).

RESULTS

Characteristics of eligible studies

The search strategy retrieved 35 potentially relevant articles. Base on the inclusion 
criteria, 8 case-control studies from 4 publications were included in this meta-analysis 
(Auranen et al., 2005; Webb et al., 2005; Beesley et al., 2007; Mohamed et al., 2013). The 
flow chart for study selection is summarized in Figure 1. The 8 case-control studies selected 
included a total of 3565 patients and 6604 healthy controls, and were published between 2005-
2013. All the articles were written in English and were based on healthy individuals, and all 
were performed in Caucasians. The HWE test was performed on the genotype distributions of 
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the controls; all studies were in HWE except Mohamed et al. (2013). In addition, the controls 
of all the eligible studies were taken from the general populations. The genotype distributions 
and risk allele frequencies are summarized in Table 1.

Study Area Race Patients/Controls         Genotypes for patients             Genotypes for controls HWE test

    Arg/Arg  Arg/His His/His Arg/Arg  Arg/His His/His

Auranen et al. (2005) UK Caucasian 729/842 629   98 2   704 129   9 0.26
Auranen et al. (2005) Denmark Caucasian 269/561 238    31 0   484   75   2 0.61
Auranen et al. (2005) US Caucasian 315/404 260   54 1   331   68   5 0.48
Auranen et al. (2005) UK Caucasian   275/1811 251   23 1 1538 267   6 0.11
Webb et al. (2005) Australia Caucasian   524/1118 451   68 5   952 156 10 0.20
Webb et al. (2005) Australia Caucasian 430/950 364   63 3   802 140   8 0.49
Beesley et al. (2007) Australia Caucasian 923/818 799 117 7   696 115   7 0.35
Mohamed et al. (2013) Egypt Caucasian 100/100   36   58 6     24    60 16 0.03

HWE = Hardy-Weinberg equilibrium.

Table 1. Characteristics of studies included in the meta-analysis.

Figure 1. Flow diagram of the study search and selection process.

Quantitative synthesis

The evaluation of the association between the Arg188His polymorphism and the 
risk of ovarian cancer is displayed in Figure 2 and in Table 2. Meta-analysis results showed 
significant associations between the Arg188His polymorphism and ovarian cancer risk (Arg/
Arg vs His/His: OR = 1.85, 95%CI = 1.15-3.00; Arg/Arg vs Arg/His: OR = 1.17, 95%CI = 
1.03-1.32; dominant model: OR = 0.84, 95%CI = 0.74-0.95; recessive model: OR = 1.69, 
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95%CI = 1.05-2.70). Sensitivity analysis was performed by removing the study by Mohamed 
et al. (2013) due to the genotype distribution in the control group therein deviating from 
HWE; from this, the pooled OR and P value for the overall effect of the null-genotype did 
not significantly change, suggesting that the results of meta-analysis were statistically robust 
(Arg/Arg vs His/His: OR = 1.77 95%CI = 1.08-2.88; Arg/Arg vs Arg/His: OR = 1.16, 95%CI 
= 1.02-1.32; dominant model: OR = 0.84, 95%CI = 0.74-0.96; recessive model: OR = 1.59, 
95%CI = 0.99-2.58).

Figure 2. Forest plot of ovarian cancer risk associated with the XRCC2 Arg188His polymorphism in the Arg/Arg 
vs His/His model.

Subgroup Genetic model                    Sample size Type of               Test of                       Test of                  Test of
    model           heterogeneity                association               publication bias

  Patients  Controls  I2 P OR 95%CI z P

Overall Arg/Arg vs His/His 3565 6604 Fixed 0.0% 0.49 1.85 1.15-3.00 0.00 1.00
 Arg/Arg vs Arg/His   Fixed 1.0% 0.42 1.17 1.03-1.32 0.00 1.00
 Dominant model   Fixed 8.7% 0.36 0.84 0.74-0.95 0.00 1.00
 Recessive model   Fixed 0.0% 0.51 1.69 1.05-2.70 0.00 1.00
Consistent with Arg/Arg vs His/His 3465 6504 Fixed 0.0% 0.72 1.77 1.08-2.88 0.00 1.00
HWE Arg/Arg vs Arg/His   Fixed 3.6% 0.40 1.16 1.02-1.32 0.00 1.00
 Dominant model   Fixed 0.0% 0.43 0.84 0.74-0.96 0.00 1.00
 Recessive model   Fixed 0.0% 0.51 1.59 0.99-2.58 0.00 1.00

HWE = Hardy-Weinberg equilibrium.

Table 2. Summary ORs and 95%CIs of the XRCC2 Arg188His polymorphism and ovarian cancer risk.
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Publication bias

The funnel plot and the Begg test were used to assess the publication bias. There was 
no evidence of publication bias in our study (Figure 3 and Table 2). The results implied that 
the publication bias was low in the present meta-analysis.

Figure 3. Begg funnel plot test of publication bias for the association of the XRCC2 Arg188His polymorphism and 
ovarian cancer in the Arg/Arg vs His/His model.

DISCUSSION

Ovarian cancer is the third most common tumor of the female genital tract after 
carcinomas of the cervix and endometrium and remains the leading cause of gynecological 
malignancy-related mortality (Siegel et al., 2011). It is difficult to detect ovarian cancer at its 
early stages using conventional methods. Therefore, there is a need for biomarkers of higher 
diagnostic accuracy to distinguish malignant from benign pelvic masses at an early stage and 
to set up an effective screening program. Genetic polymorphisms altering the level of protein 
expressed would be anticipated to have a substantial influence on disease activity (Tahara et 
al., 2009). Recently various studies have focused on the association between the XRCC2 gene 
Arg188His polymorphism and ovarian cancer risk. However, the results have been controversial, 
in part because of the possibly small effect of the polymorphism on cancer risk and of the 
relatively small sample size in each of published studies (Danoy et al., 2007; Du et al., 2013; 
Zhu et al., 2013). To clarify the controversial findings, we conducted this meta-analysis.

Our meta-analysis quantitatively assessed the association between the Arg188His 
polymorphism in the XRCC2 gene and ovarian cancer risk. To the best of our knowledge, this 
is the first meta-analysis assessing the relationship between the Arg188His polymorphism 
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and the risk of ovarian cancer. Overall, 8 case-control studies from 4 articles were included 
and assessed, involving a total of 3465 patients and 6504 healthy controls, and the results 
revealed that the Arg188His polymorphism in the XRCC2 gene was significantly associated 
with the susceptibility to ovarian cancer. Further sensitivity analysis confirmed the significant 
association between the Arg188His polymorphism in the XRCC2 gene and ovarian cancer 
risk. No evidence was found supporting publication bias in this meta-analysis. The mechanism 
underlying the XRCC2 gene Arg188His polymorphism relationship to ovarian cancer risk 
is still unclear. A previous study showed that XRCC2 (Arg188His), ERCC2 (K751Q), and 
CDKN1B (V109G) variants could synergistically contribute to increased ovarian cancer risk. 
Further studies of gene-environment interactions should be taken into consideration to get a 
better, more comprehensive understanding of the association (Lin et al., 2013).

There are some limitations to this meta-analysis. First, because of incomplete raw data, 
some relevant studies could not be included in our analysis. Second, our systematic review 
was based on unadjusted data, as genotype information stratified for the main confounding 
variables was not available in the original papers and the confounding factors addressed across 
the different studies were variable. Finally, some valuable studies were probably omitted by the 
impact of publication bias, because articles with positive results or in English were more likely 
to have been published. Therefore, future studies should include a larger sample size, rigorous 
design approach, perfect retrieval strategy, and reasonable inclusion and exclusion criteria.

In conclusion, this meta-analysis determined that the XRCC2 gene Arg188His 
polymorphism might be associated with ovarian cancer risk. Further studies estimating the 
effect of gene-gene and gene-environment interactions might eventually provide a better, 
more comprehensive understanding of this association.
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