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ABSTRACT. Numerous studies have evaluated the association be tween 
Arg399Gln polymorphism of DNA repair gene XRCC1 and cervical 
carcinoma risk. However, the spe cific association is still controversial. 
To assess the relationship between XRCC1 Arg399Gln polymorphism 
and cervical carcinoma, we conducted a comprehensive meta-analysis 
of 10 case-control studies with 2051 cervical carcinoma cases and 
2919 controls. Meta-analysis results based on all the studies showed 
a significant association between XRCC1 Arg399Gln polymorphism 
and cervical carcinoma risk (GlnGln vs ArgArg: OR = 1.29, 95%CI 
= 0.90-1.85; GlnGln vs ArgGln: OR = 1.15, 95%CI = 0.93-1.43; the 
dominant model: OR = 0.80, 95%CI = 0.66-0.99; the recessive model: 
OR = 1.18, 95%CI = 0.93-1.49). In the subgroup analysis by ethnicity, 
the results also showed significant association between XRCC1 
Arg399Gln polymorphism and susceptibility to cervical carcinoma in 
both Caucasian and Asian populations. The Arg399Gln polymorphism 
in the XRCC1 gene may be related to the increased risk of cervical 
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carcinoma. Conclusive evidence on the effects of the variants in cervical 
carcinoma should be addressed in further studies.
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INTRODUCTION

Cervical carcinoma is one of the most common gynecological malignancies, and its 
prevalence has increased during the last 10 years (Boyle et al., 2003). More than 85% of the 
global burden occurs in developing countries, where it accounts for 13% of all female can-
cers (Suh et al., 2010). Despite much investigation, the causes are not yet fully understood. 
It is well established that human papilloma virus (HPV) infection is a necessary event for 
the development of cervical cancer (Crosbie et al., 2013). However, only a small percentage 
of infected women will eventually develop cervical cancer. Infection with HPV alone is not 
sufficient for the development of cervical carcinoma. Evidence is accumulating that genetic 
variants in genes controlling carcinogen metabolism, DNA repair and cell proliferation or 
apoptosis may be important in determining individual susceptibility to the occurrence and 
progression of cervical carcinoma (Zucchetto et al., 2009; Yang et al., 2010).

X-ray cross-complementing gene 1 (XRCC1), located on chromosome 19 (19q13.2), 
is involved in the repair of DNA base damage and single-strand DNA breaks by binding DNA 
ligase III at its carboxyl end and DNA polymerase b and poly (ADP-ribose) polymerase at 
the site of damaged DNA (Caldecott et al., 1996). In addition, XRCC1 is known to partici-
pate in base excision repair of small lesions such as oxidized or reduced bases, fragmented 
or nonbulky adducts, and lesions caused by methylating agents (Caldecott, 2003). Although 
more than 300 validated SNPs have been identified and described in the XRCC1 gene, only 
three common SNPs have been extensively studied: Arg194Trp (rs1799782, C/T substitution 
at position 26304 in exon 6), Arg280His (rs25489, G/A substitution at position 27466 in exon 
9) and Arg399Gln (rs25487, G/A substitution at position 28152 in exon 10). These polymor-
phisms could alter XRCC1 function and result in altered efficiency of the protein, eventually 
inducing the development of cancer.

Over the past decade, a number of epidemiological studies demonstrated that XRCC1 
Arg399Gln polymorphism was associated with susceptibility to gastric, lung, breast cancer, 
and other types of cancers (Park et al., 2002; Kim et al., 2002; Lee et al., 2012). However, 
little is known regarding the association between Arg399Gln polymorphism of XRCC1 gene 
and susceptibility to cervical carcinoma. To help clarify the inconsistent findings, with the 
publication of several recent case-control studies, we conducted this meta-analysis of XRCC1 
Arg399Gln polymorphism and the risk of cervical carcinoma.

MATERIAL AND METHODS

Selection of studies

We searched the PubMed, Embase and China National Knowledge Infrastructure da-
tabases for all articles on the association between XRCC1 Arg399Gln polymorphism and cer-
vical carcinoma risk (last search update November 2014). The following key words were used: 
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“cervical carcinoma” or “cervical cancer”, “XRCC1” or “Arg399Gln” and “polymorphism” 
or “variant”. Publication date and publication language were not restricted in our search. If 
more than one article was published by the same author using the same case series, we selected 
the study where the most individuals were investigated.

Inclusion and exclusion criteria

Any patient-associated study, regardless of sample size, was included if it met the fol-
lowing criteria: i) case-control studies were conducted to evaluate the association between the 
XRCC1 Arg399Gln polymorphism and the risk of cervical carcinoma; ii) sufficient genotype 
data were presented to calculate the odds ratios (ORs) and 95% confidence intervals (CIs); and 
iii) the paper clearly described the sources of cases and controls. Major reasons for the exclusion 
of studies were i) no control, ii) duplicated studies, and iii) sufficient data were not reported.

Data extraction

All data were extracted independently by 2 reviewers according to the inclusion cri-
teria listed above. Disagreements were resolved by discussion between the 2 reviewers. The 
following characteristics were collected from each study: first author, year of publication, 
country of sample, ethnicity, number of cases and controls, number of genotypes and evidence 
of Hardy-Weinberg equilibrium (HWE), which are given in Table 1. If original genotype fre-
quency data were unavailable in relevant articles, an email was sent to the corresponding 
author for additional data.

Statistical analysis

Statistical analysis was conducted using STATA 12.0 (Stata Corp. LP, College Sta-
tion, TX, USA); P < 0.05 was considered to be statistically significant. HWE in the controls 
was tested by the chi-square test for goodness of fit, and P < 0.05 indicated significant dis-
equilibrium. The strength of the associations between XRCC1 Arg399Gln polymorphism and 
susceptibility to cervical carcinoma was estimated by OR and 95%CI under a homozygote 
comparison (GlnGln vs ArgArg), a heterozygote comparison (GlnGln vs ArgGln), a dominant 
model (ArgArg + ArgGln vs GlnGln), and a recessive mode (GlnGln + ArgGln vs ArgArg) 
between groups. Heterogeneity among studies was assessed by the I2 statistic, which described 
the proportion of total variation attributable to between-study differences or heterogeneity as 
op posed to random error or chance. If I2 > 50%, the DerSimonian and Laird random-effect 
model was adopted as the pooling method; otherwise, the fixed-effect model was used. Sen-
sitivity analysis was performed through random-effect model values compared to the fixed 
effect. Publication bias was examined using Begg’s funnel plot (P < 0.05 was considered 
representative of statistically significant publication bias).

RESULTS

Study characteristics

Through screening the title and reading the abstract and the entire article, 10 eligible 
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articles were selected for this meta-analysis (Wu et al., 2004; Niwa et al., 2005; Huang et al., 
2007; Jiang et al., 2009; Xiao et al., 2010; Wannapa et al., 2011; Ma et al., 2011; Barbisan et 
al., 2011; Roszak et al., 2011; Zhang et al., 2012). Study characteristics are summarized in 
Figure 1. All studies included were case-control studies that evaluated the association between 
XRCC1 Arg399Gln polymorphism and susceptibility to cervical carcinoma. The published 
year of the studies included ranged from 2000 to 2014. The source of controls was based on 
healthy populations. There were two studies of Europeans (Barbisan et al., 2011; Roszak et al., 
2011) and eight of Asians (Wu et al., 2004; Niwa et al., 2005; Huang et al., 2007; Jiang et al., 
2009; Xiao et al., 2010; Wannapa et al., 2011; Ma et al., 2011; Zhang et al., 2012). The geno-
type distributions in the controls of all studies were in agreement with HWE. The information 
from these 10 studies and the numbers of cases and controls with ArgArg, ArgGln and GlnGln 
genotypes reported in each study are all presented in Table 1.

Figure 1. Flow diagram of study searching and selection process.

Study included Year Area Race Case/Control  Genotypes for cases                Genotypes for controls HWE test

     ArgArg ArgGln GlnGln ArgArg ArgGln GlnGln

Wu et al. 2004 China Asian 100/196   54   38   8 114   73   9 0.53
Niwa et al. 2005 Japan Asian 131/320   69   49 13 185 109 26 0.09
Huang et al. 2007 China Asian 539/800 289 203 47 528 235 37 0.10
Jiang et al. 2009 China Asian 436/503 228 184 24 268 194 41 0.48
Xiao et al. 2010 China Asian 162/183   91   56 15   94   68 21 0.12
Wannapa et al. 2011 Thailand Asian 111/118   66   41   4   69   44   5 0.54
Ma et al. 2011 China Asian 200/200 108   76 16 133   55 12 0.06
Barbisan et al. 2011 Argentina Caucasian  103/114   54   31 18   37   59 18 0.49
Roszak et al. 2011 Poland Caucasian 189/308   49 101 39 116 152 40 0.37
Zhang et al. 2012 China Asian   80/177   43   31   6 109   58 10 0.54

Table 1. Characteristics of the studies included for meta-analysis.
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Meta analysis results

The results on the associations between Arg399Gln polymorphism of DNA repair 
gene XRCC1 and cervical carcinoma risk, the heterogeneity test and the test of publication 
bias are shown in Figure 2 and Table 2. The combined results based on all studies showed 
that XRCC1 Arg399Gln polymorphism is associated with increased cervical carcinoma risk 
in different genetic models (GlnGln vs ArgArg: OR = 1.29, 95%CI = 0.90-1.85; GlnGln vs 
ArgGln: OR = 1.15, 95%CI = 0.93-1.43; the dominant model: OR = 0.80, 95%CI = 0.66-0.99; 
the recessive model: OR = 1.18, 95%CI = 0.93-1.49). Sensitivity analyses were conducted by 
altering the statistical models. No material alteration was detected, indicating that our results 
were statistically robust.

Figure 2. Forest plot of cervical carcinoma risk associated with XRCC1 Arg399Gln polymorphism in the      
dominant model.

In the subgroup analysis based on ethnicity, results of subgroup analysis confirmed 
that there were significant associations between XRCC1 Arg399Gln polymorphism and cer-
vical carcinoma risk in both Asian populations (GlnGln vs ArgArg: OR = 1.03, 95%CI = 
0.80-1.33; GlnGln vs ArgGln: OR = 1.03, 95%CI = 0.78-1.35; the dominant model: OR = 
0.87, 95%CI = 0.59-1.26; the recessive model: OR = 1.25, 95%CI = 1.02-1.53) and Caucasian 
populations (GlnGln vs ArgArg: OR = 1.30, 95%CI = 0.40-4.26; GlnGln vs ArgGln: OR = 
1.58, 95%CI = 1.03-2.43; the dominant model: OR = 0.66, 95%CI = 0.44-0.99; the recessive 
model: OR = 0.88, 95%CI = 0.22-3.39).
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Publication bias

Begg’s funnel plot and the Egger test were used to assess publication bias. There was 
no evidence of publication bias in our study (Figure 3). The results suggested that there was 
no publication bias in this meta-analysis (all P > 0.05).

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

  Case/Control  I2 P OR 95%CI z P

Overall GlnGln vs ArgArg 2051/2919 Random 59.1% 0.01 1.29 0.90-1.85 0.00 1.00
 GlnGln vs ArgGln  Fixed 10.3% 0.35 1.15 0.93-1.43 0.00 1.00
 Dominant model  Fixed 46.1% 0.05 0.80 0.66-0.99 0.00 1.00
 Recessive model  Random 72.5% 0.00 1.18 0.93-1.49 0.00 1.00
Asians GlnGln vs ArgArg 1759/2497 Random   0.0% 0.44 1.03 0.80-1.33 0.00 1.00
 GlnGln vs ArgGln  Fixed 13.6% 0.33 1.03 0.78-1.35 0.00 1.00
 Dominant model  Random 51.9% 0.04 0.87 0.59-1.26 0.00 1.00
 Recessive model  Random 55.9% 0.02 1.25 1.02-1.53 0.00 1.00
Caucasians GlnGln vs ArgArg 292/422 Random 84.0% 0.01 1.30 0.40-4.26 0.00 1.00
 GlnGln vs ArgGln  Fixed   0.0% 0.59 1.58 1.03-2.43 0.00 1.00
 Dominant model  Fixed   0.0% 0.33 0.66 0.44-0.99 0.00 1.00
 Recessive model  Random 93.6% 0.00 0.88 0.22-3.39 0.00 1.00

Table 2. Summary ORs and 95%CI of the XRCC1 Arg399Gln polymorphism and cervical carcinoma risk.

Figure 3. Begg funnel plot test of publication bias for the association of the XRCC1 Arg399Gln polymorphism and 
cervical carcinoma in the dominant model.

DISCUSSION

Cervical carcinoma is the second most common malignancy among women world-
wide, and continues to be a leading cause of cancer death in women. To reduce new cases of 
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cervical carcinoma, risks for this cancer should be identified and controlled. It is well known 
that HPV infection is the main risk factor for the pathogenesis of cervical carcinoma. In addi-
tion, many reports have focused on investigating genes underlying the development and pro-
gression of cervical carcinoma, and the pathogenesis of cervical carcinoma may be influenced 
by multiple genetic factors. The XRCC1 protein is a key molecule in the base excision repair 
pathway in the DNA repair process, which plays a key role in the integrity and stability of the 
genome and the pathogenesis and progression of human cancers (Poehlmann et al., 2010). 
Recently, a variety of studies have focused on the association between XRCC1 Arg399Gln 
polymorphism and cervical carcinoma, but these studies reported conflicting results. The most 
likely reason for the inconsistencies between these studies is that they are single case-control 
studies with small sample sizes. To address these issues, we carried out a systematic review 
and meta-analysis of all eligible case-control studies to estimate the risk of cervical carcinoma 
associated with the XRCC1 Arg399Gln polymorphism.

In the present meta-analysis, we searched as many publications as we could. The 
present meta-analysis, including 2051 cases and 2919 controls from 10 case-control studies, 
explored the association between the Arg399Gln polymorphism of the XRCC1 gene and cer-
vical carcinoma risk. To the best of our knowledge, this is the first meta-analysis of the com-
prehensive assessment of the relationship between XRCC1 Arg399Gln polymorphism and the 
risk of cervical carcinoma. Overall, we found that there was significant association between 
this polymorphism and cervical carcinoma risk in the overall population. Because of the dif-
ference in genetic backgrounds and the environment in which the patients lived, we performed 
an ethnicity-specific subgroup analysis, and we also found a significant association between 
XRCC1 gene Arg399Gln polymorphism and cervical carcinoma risk in both Caucasians and 
Asians. Further sensitivity analysis confirmed the significant association between maternal 
Arg399Gln polymorphism and cervical carcinoma risk. No evidence showed publication bias 
in this meta-analysis for Arg399Gln polymorphism. As the eligible study number was limited 
in the meta-analysis, these results still need further investigation.

The potential effect of XRCC1 gene Arg399Gln polymorphism might be affected via 
gene-gene and gene-environment interactions. Evidence suggests that the linkage disequilib-
rium of Arg194Trp and Arg399Gln may synergistically increase the risk of cervical carcinoma 
(Huang et al., 2007). In addition, significantly elevated risk of cervical cancer has been associ-
ated with the XRCC1 399GlnGln genotype among nonsmokers but not smokers (Niwa et al., 
2005). Further studies of gene-gene and gene-environment interac tions should be taken into 
consideration in future analysis, which should lead to a better comprehensive understanding 
of the association.

Some limitations of our meta-analysis should be men tioned. First, our meta-analysis 
was based on unadjusted OR estimates because not all published studies presented adjusted 
ORs, or when they did, the ORs were not adjusted by the same potential confounders, such 
as age, gender and exposures. The lack of information for the data analysis could cause seri-
ous confounding bias. Second, lack of original data limited our further evaluation of potential 
gene-gene and gene-environment interactions. Third, the number of studies and the number of 
subjects in the studies included in the meta-analysis by specific subgroups were small.

In conclusion, this meta-analysis suggests that the XRCC1 Arg399Gln polymorphism 
may be associated with cervical carcinoma risk. Further studies estimating the effect of gene-gene 
and gene-environment interactions may eventually provide a better comprehensive understanding 
of the association between XRCC1 Arg399Gln polymorphism and cervical carcinoma risk.
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