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ABSTRACT. Several studies have focused on the association between
the ERCC2 rs13181 polymorphism and glioma risk, but the results were
inconclusive. We aimed to conduct a meta-analysis to investigate the
role of ERCC2 rs13181 on the risk of glioma. We searched and collated
the relevant studies in both Chinese and English through the PubMed,
Web of Science, Cochrane Library, and EMBASE databases published
through June 1, 2014. A total of 11 studies for ERCC2 rs13181 were
selected; these included 3456 glioma cases and 4957 controls. Using
fixed-effects model analysis, we found that no significant difference
could be identified between the ERCC2 rs13181 polymorphism and
the risk of glioma. Subgroup analysis showed that the ERCC2 rs13181
GT and TT genotypes were significantly associated with an increased
risk of glioma in the Chinese population [odds ratio (OR) = 1.47,
95% confidence interval (CI) = 1.17-1.85; and OR = 1.50, 95%CI =
1.02-2.22, respectively], but no significant increased risk of glioma
was detected with these genotypes in the Caucasian populations. No
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publication bias was identified in this meta-analysis. Our meta-analysis
strongly suggested that ERCC2 rs13181 was associated with a higher
susceptibility to glioma in the Chinese population.
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INTRODUCTION

Gliomas account for more than 70% of all brain tumors, which are the most common
primary brain tumor in adults. The prognosis of glioma is considered to be poor when com-
pared with other types of brain tumors (Bondy et al., 2008). It is well known that many envi-
ronmental and lifestyle factors play an important role in the development of glioma, such as
occupational factors, ionizing radiation, cellular phone use, smoking habits, and diet, as well
as genetic factors (Ohgaki and Kleihues, 2005; Goodenberger and Jenkins, 2012). However,
the exact etiology of glioma is still not well understood. Previous studies reported that many
genetic factors could affect the risk of glioma, including CCDC26, CCND1, CHEK?2, GSTP1,
P53, and ERCCI (Dong et al., 2014; Qin et al., 2014; Wei et al., 2014; Zhu et al., 2014).

In normal cells, DNA is subjected to many kinds of assaults such as ionizing radia-
tion, ultraviolet rays, and genotoxic agents. Therefore, the DNA repair function can have a
substantial role in preventing the propagation of errors and maintaining genomic stability (Vo-
gelstein and Kinzler, 2004). The process of DNA repair includes about 130 genes and several
molecular pathways, such as the base-excision repair, nucleotide excision repair (NER), and
homologous recombination repair pathways (Popanda et al., 2004). Variations in DNA repair
gene sequence can alter the expression of the gene itself and the related protein, and therefore
can influence the efficiency of DNA repair and increase the susceptibility to carcinogenesis.
Many genes in the DNA repair pathways have important roles in the maintenance of genomic
integrity and fidelity, and previous studies have investigated the relationship between poly-
morphisms in DNA repair genes and the risk of glioma. Among these genes, excision repair
cross-complementing group 2 (ERCC?2) is considered to have a role in the development of
glioma. ERCC?2 is reported to act as the rate-limiting enzyme in the process of NER, and is
located at chromosome 19q13.3 (McKean-Cowdin et al., 2009). Several previous studies have
reported the association between variants of the ERCC2 rs13181 polymorphism and the risk of
glioma, but the results of these studies have been inconsistent (McKean-Cowdin et al., 2009;
Gao et al., 2014; Rodriguez-Hernandez et al., 2014). Therefore, we aimed to conduct a meta-
analysis to investigate the role of ERCC2 rs13181 on the risk of glioma.

MATERIAL AND METHODS
Search strategy

A comprehensive search was conducted through the databases of PubMed, EMBASE,
and the China National Knowledge Infrastructure platforms until June 1, 2014. The search
strategies were conducted including the following terms and their combinations: glioma, brain
tumor, polymorphism, variant, FRCC2, and rs13181.

Inclusion and exclusion criteria

The inclusion criteria for studies were as follows: case-control design, evaluation of
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the association between the ERCC2 rs13181 polymorphism and glioma risk, and results of
available genotype frequencies were included.

The exclusion criteria for studies were as follows: articles only consisted of an ab-
stract, were review articles or comments, overlap with other studies, or contained no compari-
son or control group.

Data extraction

Two authors independently completed the electronic database search. Duplications
and obviously irrelevant reports were excluded. Full texts of identified eligible studies were
obtained using the established inclusion criteria. Disagreements were resolved through dis-
cussion. The following items were extracted for each eligible study: study ID, study design,
participation number, case-control number, and genotype information.

Statistical analysis

All meta-analysis examination procedures were conducted by the STATA 9.0 soft-
ware (version 9.0, USA). A chi-square (y?) test was performed to evaluate the Hardy-Wein-
berg equilibrium (HWE) status of control groups. The pooled odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated to determine the association between the FRCC?2
rs13181 polymorphism and glioma risk. The heterogeneity between studies was estimated by
P and heterogeneity Q statistics tests. When I* values were in the range of 0-25%, there was
no degree of heterogeneity. When /* values were in the range of 25-50%, there was moderate
heterogeneity. When 7 values were in the range of 75-100%, there was great heterogeneity.
A random-effects model or fixed-effects model was used to calculate the pooled OR (95%CI)
according to the degree of heterogeneity between studies. The publication bias in studies was
conducted by Begg’s funnel plot and the Egger test.

RESULTS

The initial search identified 46 studies for ERCC2 rs13181, of which 11 met the selec-
tion criteria (Caggana et al., 2001; Wrensch et al., 2005; Yang et al., 2005; Liu et al., 2009;
McKean-Cowdin et al., 2009; Rajaraman et al., 2010; Chen et al., 2012; Luo et al., 2013;
Salnikova et al., 2013; Zhang, 2013; Rodriguez-Hernandez et al., 2014). Among the excluded
studies, four were dissertations, three were reviews, 21 did not investigate the ERCC2 rs13181
polymorphism, eight did not report the association between the ERCC2 rs13181 polymor-
phism and risk of glioma, and two were replication studies. Eventually, a total of 11 studies
of ERCC2 rs13181 were selected, which included 3456 glioma cases and 4957 controls. The
genetic distributions of ERCC2 rs13181 variants in ten studies were in accordance with HWE.
Only one study deviated from HWE in the control group (Luo et al., 2013). The meta-analysis
for the association between FRCC2 rs13181 and the risk of glioma is shown in Table 1. There
was no significant heterogeneity between studies, and thus we performed a fixed-effects model
to assess the association between ERCC2 rs13181 and the risk of glioma. We found that no
significant difference could be identified between the FRCC2 rs13181 polymorphism and a
risk of glioma (Table 1).
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Subgroup analysis showed that FERCC2 rs13181 GT and TT genotypes were signifi-
cantly associated with an increased risk of glioma in the Chinese population (OR = 1.47,
95%CI=1.17-1.85; OR =1.50, 95%CI = 1.02-2.22, respectively), but no significant increased
risk of glioma was identified in the Caucasian populations (Figures 1 and 2). In this study,
the shapes of the funnel plots for the FRCC2 rs13181 polymorphism showed a symmetric
distribution, which suggested no publication bias was present in this meta-analysis (Figure 3).
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Figure 1. Subgroup analysis for the association between the ERCC/ rs13181 GT genotype and the risk of glioma.
CI, confidence interval.
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Figure 2. Subgroup analysis for the association between the ERCC1 rs13181 TT genotype and the risk of glioma.
CI, confidence interval.
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Figure 3. Funnel plot of the association between the ERCC2 rs13181 polymorphism and the risk of glioma.

DISCUSSION

The ERCC2 protein is a key element in the transcription-coupled NER pathway, and it
plays an important role in altering the DNA repair capacity. ERCC2 has a key role in maintain-
ing genetic stability, and deficits in ERCC2 proteins can influence the susceptibility to cancer
(Goode et al., 2002). Previous studies have shown that the ERCC2 rs13181 polymorphism was
correlated with a high level of DNA adducts or lower DNA repair capacity (Lunn et al., 2000;
Qiao et al., 2002). Therefore, we investigated the association of the ERCC2 polymorphism on
the risk of glioma. The results suggest that the FRCC2 rs13181 polymorphism is not associ-
ated with an overall increased risk of glioma.

The ERCC2 rs13181 polymorphic variant can cause a defect in NER, and consider-
able investigation has been performed on the role of insufficient DNA repair in carcinogenesis.
Previous studies have demonstrated that a defect of the DNA repair function is a risk factor for
several kinds of cancer, including bladder cancer, acute leukemia, and breast cancer (Yan et
al., 2014; Liu et al., 2014). Li et al. (2014) reported a meta-analysis with 11 studies, including
3797 cases and 5094 controls, and showed that polymorphism in ERCC2 rs13181 contributes
to bladder cancer susceptibility. Yan et al. (2014) conducted a meta-analysis with 22 studies,
and reported that polymorphism in ERCC?2 rs13181 significantly increased breast cancer risk.
Liu et al. (2014) performed a meta-analysis with ten published case-control studies including
1494 cases and 2259 controls, and reported that the FERCC2 rs13181 variant genotype might be
a risk factor for acute leukemia. Despite a growing number of epidemiologic studies that have
reported an association between the ERCC2 rs13181 polymorphism and the risk of glioma, no
significant association was reported between them. Caggana et al. (2001) first reported an as-
sociation between the ERCC?2 rs13181 polymorphism and risk of glioma in a gender- and age-
matched case-control study, but did not find any association between them. Another study in
the United States showed that no significant association existed between the ERCC2 rs13181
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polymorphism and the risk of adult glioma (Liu et al., 2009). However, several recent studies
reported that the FRCC2 rs13181 polymorphism was associated with glioma risk (Chen et al.,
2012; Zhang, 2013; Rodriguez-Hernandez, 2014). The inconsistency of these studies might
be explained by differences in population background, sample size, and also by chance. Our
meta-analysis showed that the ERCC2 rs13181 polymorphism increased the risk of glioma.

Although publication bias was not identified in this meta-analysis, this study has some
potential limitations. First, only ten eligible studies were included in this meta-analysis. There-
fore, in the subgroup analyses by ethnicity, the number of cases and controls was relatively small,
which might have resulted in low statistical power to identify the association. Furthermore, dif-
ferent pathological types of glioma were not considered, which may be a source of between-
study heterogeneity. Unfortunately, only two studies in Caucasian populations provided genetic
data of ERCC?2 rs13181 polymorphic variation for glioblastoma multiforme and nonglioblas-
toma multiforme. Finally, our meta-analysis was largely performed with unadjusted estimates,
because of the limitations in the studies selected that presented adjusted estimates. Although
adjusted estimates were shown, the estimates were not adjusted by the same confounders. It was
also difficult to present the combined estimates by adjusted potential confounders.

In conclusion, our meta-analysis strongly suggested that ERCC2 rs13181 was asso-
ciated with a higher susceptibility to glioma in the Chinese population. Studies with larger
sample size and more specified information on pathological types of glioma are needed to
confirm our results for both Chinese and Caucasian populations.
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