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Abstract

Objectives: To comprehensively evaluate the association of ERCC1 C8092A and ERCC2 Lys751GIn polymorphisms with the
risk of glioma.

Methods: Potential studies were searched and selected through the Pubmed/MEDLINE, EMBASE, the China National
Knowledge Infrastructure (CNKI) platforms, WanFang and VIP database up to June 2013. Two investigators independently
reviewed full text and included studies met inclusion criteria. Combined odds ratios (ORs) and 95% confidence intervals
(95% Cls) were calculated in a fixed-effects model or a random-effects model according to results of heterogeneity test. All
analyses were performed by Revman 5.2 and Stata 10.0 software.

Results: A total of 10 studies were included in our meta-analysis, including 3,580 glioma patients and 4,728 controls. Overall,
ERCC1 C8092A polymorphism was associated with the risk of glioma (AA vs. CC: OR=1.29, 95%Cl: 1.07-1.55, P=0.01;
recessive model: OR=1.29; 95% ClI: 1.07-1.55, P=0.01). When stratified by ethnicity, significant association was only
observed in the Chinese population (AA vs. CC: OR=1.37, 95%Cl: 1.03-1.81, P=0.03; recessive model: OR=1.34; 95% Cl:
1.02-1.75, P=0.04). For ERCC2 Lys751GIn polymorphism, no significant association was found between ERCC2 Lys751GIn
polymorphism and the risk of glioma in different genetic models. A significant association of ERCC2 Lys751GIn
polymorphism with the risk of glioma was identified in the Caucasian population under recessive model (OR = 0.87; 95% Cl:
0.78-0.98, P=0.02), but not in the Chinese population.

Conclusion: This meta-analysis suggested that the AA genotype of ERCC1 C8092A polymorphism might increase the
susceptibility of glioma in the Chinese population. And the TT genotype of ERCC2 Lys751GIn polymorphism may decrease
the risk of glioma in the Caucasian population. But the small number of studies and moderate methodological quality
require cautious interpretation of the study results.
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Introduction smoking. It is evidenced that the low exposure of ionizing
radiation and ultraviolet (UV) rays would reduce the susceptibility
of glioma [6,7]. lonizing radiation and UV rays can result in
several kinds of DNA damage, such as oxidative DNA damage,
cross-sectional study in China, it is estimated that the age- and single- and double-strand breaks in DNA chains [8].
standardized prevalence of primary brain tumor is 22.52 per Consequently, DNA damages would result in glioma development
100,000 (95%CI: 13.22-31.82) for the entire population, and the and progression. However, major DNA repair pathways exist in
overall prevalence in females (27.94 per 100,000) was higher than the human body for preventing DNA damage and mutagenesis
that in males (17.64 per 100,000). Of 272 newly diagnosed brain including base-excision repair (BER), nucleotide excision repair
tumors, glioma accounted for 29.78% [2]. Although the preva- (NER), and homologous recombination repair (HRR) [9]. Due to
lence of glioma is relatively lower than other cancers, survival rates the strong contributions to genomic integrity and fidelity that
of glioma patients is still poor, especially the 5 year survival rate of DNA repair genes encompass, many studies have focused on
glioblastoma case, less than 3% [3,4,5]. polymorphisms within them in relation to glioma susceptibility.

Like other cancers, the development and progression of glioma Among these genes, excision repair cross-complementing group 1
are also determined by genetic and environmental factors. (ERCC1) and ERCC2 gene are considered to be related with the

Cur rcr.ltly, .thc.rc. arc sever "fl conﬁrmcq environmental rlsk.factors, susceptibility of glioma due to their roles as rate limiting enzymes
including ionizing radiation, ultraviolet (UV) rays, diet and

Glioma is one of the most common brain tumors, accounting
for approximately 80% of all brain tumors [1]. In a multi-center
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Potential relevant studies identified
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(n=27)
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the China National Knowledge
Infrastructure (CNKI), Wangfang and
VIP database up to June 2013
(n=13)
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28 studies excluded by title or abstract
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2 dissertations
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Figure 1. Flow chart of study selection.
doi:10.1371/journal.pone.0095966.9001

in association to NER. The NER pathway shows effective and
prominent repair on bulky DNA lesions and UV damage [10,11].

Several single nucleotide polymorphisms (SNPs) have been
identified in ERCC1 and ERCC2 genes. But ERCC1 C8092A
and ERCC2 Lys751GIn polymorphisms have significant influenc-
es on gene expression and DNA repair functions. ERCCI
C8092A polymorphism, located in the 3’-untranslated region of
the ERCCI gene, has been shown to influence the level of ERCC1
mRNA expression and may affect mRNA stability for ERCC1
[12,13]. And individuals with ERCC2 Lys/ Lys 751 genotype had
poorer repair proficiency based on the number of chromatid
aberrations (OR =7.5, 95%CI=1.01-87.7), suggesting this poly-
morphism is associated with an increased risk of suboptimal DNA
repair [14,15]. These two polymorphisms have been widely
investigated in different ethnic populations. In a study on adult
glioma cases and controls in a Caucasian population, it was
presented that patients with oligoastrocytoma were significantly
more likely to be homozygous in ERCC1 C8092A polymorphism
than the controls (CC versus CA/AA: OR =4.6, 95% CI: 1.6
13.2), however, no significant results were found in other histologic
types of glioma [16]. Another study in the Caucasian population
observed that ERCC1 C8092A polymorphism was associated with
risk of glioma in recessive model (AA versus CC/CA: OR =1.86,
95%CI: 1.01-3.46) [17], however, no significant findings were
reported in other studies in the Caucasian or other ethnic
populations [18,19,20]. In a Chinese population the variants of
ERCC2 Lys751GIn polymorphism was significantly different
between glioma cases and controls (x*>=6.015, P=0.014) [21].
In addition, among Caucasians, glioma cases were significantly
more likely than controls to be homozygous for ERCC2
Lys751GIn polymorphism (OR=3.2, 95% CI: 1.1-9.3) [22].
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However, other association studies did not show any positive
results [17,18,23].

Evidently, numerous studies have been done to identify the
association of ERCC1 C8092A and ERCC2 Lys751GIn poly-
morphisms with the risk of glioma in different ethnic populations.
But the findings were not consistent. In this study, we performed a
meta-analysis of the available studies in different ethnic popula-
tions to evaluate the effects of ERCC1 C8092A and ERCC2
Lys751Gln polymorphisms on the susceptibility to glioma.

Materials and Methods

Publication searching

We searched for relevant studies up to June 2013 in both
English and Chinese through the Pubmed/MEDLINE, EMBASE,
the China National Knowledge Infrastructure (CNKI) platforms,
WanFang and VIP database with the following terms and their
combinations: “ERCC1”, “ERCC2 or XPD” or “ERCC”,
“glioma” and “polymorphism or variant”. We tried to identify
potential relevant studies from the whole reference lists by orderly
reviewing title, abstract and full text.

Selection criteria

The inclusion criteria were as follows: a). Research focused on
the association of ERCCI C8092A (rs3212986) or ERCC2
Lys751GlIn (rs13181) polymorphisms with the risk of glioma; b).
Case-control studies; c). Genotype and allele data available.
Studies were excluded for following reasons: a). unpublished
papers, dissertations, conference articles, reviews and duplication
of publications (select the study in a larger sample size); b). data
unavailable for calculating genotype or allele frequencies; c).
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Glioma cases Controls Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
3.7.1 Caucasian population
Chenetal 2000 B | g 24 37% 0.83[0.28, 2.51] L
Liuetal 2009 )l 234 17 236 7.9% 1.92[1.03, 3.57] —
Mckean-Cowdin et al. 2009 a4 G16 108 1192 34.2% 110[0.78,1.53]
YWrensch et al. 2004 25 2 23 260 10.2% 1.25[0.69, 2.27] ;E*
Subtotal (95% Cl) 1165 1777 56.0% 1.22 [0.95, 1.58]
Total events 121 143

Heterogeneity: Chi*= 280, df =3 (P=041), F=0%
Test for overall effect Z=1585(P=0.12)

3.7.2 Chinese population

Chenetal 2012 a0 252 35 256 147% 1.56[0.87, 2.81] =
Fanetal 2013 45 274 41 282 17.9% 116[0.73,1.83)] Nl
Zhangetal 2012 36 159 28 173 11.4% 1.45[0.84, 2.51] T
Subtotal (95% Cly 685 711 44.0% 1.37 [1.03, 1.81] L g
Total events 1N 105

Heterogeneity; Chi®=0.87, df= 2 (P=0.65); F= 0%
Test for overall effect Z= 219 (P =0.03}

Total (95% CI) 1850 2488 100.0% 1.29 [1.07, 1.55] L 4
Total events 252 258
Heterogeneity, Chi®= 413, df= 6 (P = 0.66), F= 0%

Testfor overall effect: Z= 262 (P =0.009)

Testfor subaroun differences: Chif=0.34. df=1 (P=0.56). F=0%

001 01 1 10 100
Glioma cases Controls

Figure 2. Forest plot of the subgroup analysis on the association of ERCC1 C8092A polymorphism with glioma (AA vs CC).
doi:10.1371/journal.pone.0095966.9002
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Study or Subgroup Events  Total Fvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Figure 3. Forest plot of the subgroup analysis on the association of ERCC1 C8092A polymorphism with glioma (AA vs C-carriers).
doi:10.1371/journal.pone.0095966.g003
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genotype distribution of control subjects violates the Hardy—
Weinberg equilibrium (HWE).

Data extraction

All the following information was separately extracted by two
investigators, including: the first author, year of publication,
country (ethnicity), allele frequencies and genotype distributions in
glioma cases and controls, number of glioma cases and controls.
Extracted data were compared and cross referenced. Inconsisten-
cies were discussed and corrected together.

Quiality assessment

We evaluated the methodological quality of included studies
using the Strengthening the Reporting of Genetic Association
studies (STREGA) recommendations, extended the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) checklist [24]. The resulting STREGA checklist
provides additions to 12 of the 22 items on the STROBE
checklist. Two investigators independently assessed the quality of
all included studies to determine whether they meet each item or
not.

Data analysis

All meta-analysis was performed by Review manager 5.2
software (The Cochrane Information Management System). The
pooled odds ratios (OR) and 95% confidence interval (CI) were
calculated for measuring the genetic association between ERCC1
or ERCC2 polymorphisms and the risk of glioma. The between-
study heterogeneity and the F statistic for estimation of
inconsistency was analyzed using the heterogeneity Q) statistic
test. The following cut-off points indicated different degrees of
heterogeneity: F =0-25%, no heterogeneity; I = 25-50%, mod-
erate heterogeneity; 2 =50-75%, large heterogeneity; =75
100%, extreme heterogeneity [25]. If there was no significant
between-study heterogeneity (P = 0.10), the method of Mantel-
Haenszel was used to calculate the pooled OR (95%CI) in a fixed
effects model. Otherwise, the DerSimonian-Laird method was
performed for evaluating the pooled OR (95%CI) in a random
effects model. Begg’s funnel plot and Egger’s test were performed
to assess publication bias among the literatures by Stata 10
software. Funnel plots were used to evaluate publication bias. P<
0.05 was considered statistically significant.

Results

Characteristics of eligible publications

The initial search identified a total of 40 studies for ERCCI1
C8092A and ERCC2 Lys751Gln, of which 10 studies met the
selection criteria [16,17,18,19,20,21,22,23,26,27]. Among the 30
excluded articles, two were dissertations, two were conference
articles, three were reviews, 16 were not gene polymorphism
studies, three were not association studies on the risk of glioma,
two were not the polymorphism we studied, one was not a study
on glioma and one was a replication (Figure 1).

Among the 10 selected studies, seven studies reported ERCC1
C8092A, including 2,936 glioma cases and 4,017 controls (Table
1) [16,17,18,19,20,22,23]. There were three studies in the Chinese
population [19,20,23] and four studies in the Caucasian popula-
tion [16,17,18,22]. In the seven studies, the frequency of ERCC1
8092A allele was 27.08% for glioma cases and 25.45% for
controls.

Likewise, seven studies reported ERCC2 Lys751Gln, including
2,758 glioma cases and 3,847 controls (Table 1)
[17,18,21,22,28,26,27]. There were two studies in the Chinese
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Mckean-Cowdin et al. 2009 376 9494 823 1970 47.3% 0.84[0.72, 0.88] L
Rajaraman etal. 2010 128 351 200 481 14.7% 0.81 [0.61,1.07] T
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Test for overall effect: £=2.42 (P=0.02)
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Test for overall effect: 2= 2.38 (P =0.02)

Glioma cases Controls

Testfor subaroun differences: Chif= 025 df=1 (P=061 F=0%

Figure 4. Forest plot of the subgroup analysis on the association of ERCC2 Lys751GIn polymorphism with glioma (TT vs G-carriers).

doi:10.1371/journal.pone.0095966.9004

population [21,23], while five studies in the Caucasian population
[17,18,22,26,27]. The overall frequency of ERCC2 751GlIn allele
was 59.66% for glioma cases and 61.27% for controls.

The genetic distributions of ERCC1 C8092A and ERCC2
Lys751GIn polymorphisms in the all studies followed the law of
HWE (P > 0.05). The methodological quality scores of all the
included studies were from 12 to 19, indicating that all the
included studies have moderate or high quality.

Main results of meta-analysis

ERCC1 C8092A. The between-study heterogeneity was not
significant in all the comparisons (P > 0.1). In addition, no
between-study heterogeneity was identified using I statistic (Table
2). Therefore, we used the fixed effects model to calculate the
pooled OR (95%CI). A significant association was identified
comparing AA with CC (OR =1.29, 95%CI: 1.07-1.55, P=0.01).
Significant results were also observed in recessive model
(OR=1.29; 95% CI: 1.07-1.55, P=0.01). There was no
significant association in other genetic models. Subgroup analysis
showed that ERCC1 8092AA was significantly associated with the
risk of glioma compared with ERCC1 8092CC in Chinese
population (Z=2.19, P=0.03), but was not found in Caucasian
population (Z=1.55, P=0.12) (Figure 2). Similar results were
obtained in recessive model (Figure 3).

ERCC2 Lys751GIn. For the recessive model, the between-
study heterogeneity was significant (P=0.03), and large between-
study heterogeneity was identified by I statistic (Table 2).
Therefore, the random effects model was used to calculate the
pooled OR (95%CI) for the recessive model. For other genetic
models, the fixed effects model was performed for calculating
pooled OR (95%CI). No significant association was found between
ERCC2 Lys751GIn polymorphism and the risk of glioma in
different genetic models. However, subgroup analysis showed that

PLOS ONE | www.plosone.org

a significant association was identified comparing TT with G-
carriers in the Caucasian population (Z =2.42, P=0.02), but this
was not found in the Chinese population (Z=0.19, P=0.85)
(Figure 4).

Next, stratified analyses for different types of glioma including
glioblastoma multiforme and nonglioblastoma multiforme were
performed in ERCC2 Lys751GIn polymorphism. There was no
significant association in both glioblastoma multiforme and
nonglioblastoma multiforme groups (Table 3).

Sensitivity analysis

To further confirm the combined results, a sensitivity analysis
was conducted by changing the fixed or random effects model. It
was shown that the combined results between fixed effects model
and random effects model for ERCC1 C8092A polymorphism
were no different. However, a significant change was identified in
recessive model for ERCC2 Lys751GIn polymorphism. The
combined OR (95%CI) was 0.88 (0.79-0.98) estimated by fixed
effects model (Z =2.38, P=0.02). We then estimated the influence
of individual studies on the combined results by omitting one study
at a time. No significant differences were found in different genetic
models for ERCC1 C8092A polymorphism. When deleting a
study in the Chinese population [23], the ERCC2 Lys751Gln
polymorphism showed significant effects on the risk of glioma, but
the significance was much less (Z=2.10, P=0.04, OR=0.89,
95%CI: 0.79-0.99). Therefore, our results were generally and
statistically reliable.

Publication bias

In this study, Begg’s test and Egger’s test did not show any
evidence of publication bias for both ERCC1 C8092A (Begg’s test:
z=0.00, P =1.00; Egger’s test: t=1.55, P=0.18) and ERCC2
Lys751Gln polymorphisms (Begg’s test: z=0.30, P=0.76; Egger’s
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test: t=1.03, P=0.35). In the funnel plot (Figure 5 and 6), studies
of ERCC1 C8092A and ERCC2 Lys751GIn polymorphisms
showed symmetric distribution. All studies were nearly located in
the region of 95% CI, suggesting that publication bias was not
significant in this meta-analysis.

Discussion

ERCC1 and ERCC2 protein, key elements in transcription-
coupled NER pathway, are absolutely critical for efficient DNA
repair capacity. These two proteins are essential for the
maintenance of genetic stability, thus, deficits in ERCC1 and
ERCC2 proteins are associated with cancer susceptibility [28].
Studies have found that ERCC1 and ERCC2 polymorphisms are
associated with high levels of DNA adducts or lower DNA repair
capacity [14,29,30,31]. Therefore, an increasing amount of studies
attempt to identify the association of ERCCI1 and ERCC2
polymorphisms on the susceptibility of glioma.

To comprehensively estimate the associations of ERCCI
C8092A and ERCC2 Lys751Gln polymorphisms with the risk of
glioma in different ethnic populations, meta-analyses in 10 studies
including 3,580 glioma patients and 4,728 controls was carried
out. To our knowledge, this is to date the largest meta-analysis
conducted for ERCC1 C8092A and ERCC2 Lys751GIn poly-
morphisms in glioma. The data from meta-analysis showed a
significant increase in frequency of ERCC1 8092AA genotype in
glioma patients than in controls, indicating that ERCC1 8092AA
genotype contribute to increases the risk of glioma with combined
OR of 1.29 (1.07-1.55). When the analysis was stratified by
ethnicity, a significant association was identified in the Chinese
population with combined OR of 1.37 (1.03-1.81). However, the
significant association disappeared for Caucasians. Similar results
were identified in the recessive model of ERCC1 C8092A
polymorphism. Remarkably, none of the original researches in
Chinese populations reported the significant association between
ERCC1 C8092A polymorphism and the risk of glioma. Therefore,
the positive results of this meta-analysis might have been caused by
small sample size. However, ERCC1 C8092A polymorphism
influence the expression of ERCC1 and the DNA repair function
of NER pathway may be weakened, a possible explanation of our
findings from the point of the pathogenesis [13].

For ERCC2 Lys751GIn polymorphism, no significant associa-
tion between ERCC2 Lys751GIn polymorphism and the risk of
glioma was observed. However, TT genotype in ERCC2
Lys751Gln polymorphism may significantly decrease the risk of
glioma in the Caucasian population with combined OR of 0.87
(0.78-0.97), but not in the Chinese population. Although 2230
glioma patients and 3393 controls were included in the subgroup
analysis in the Caucasian population, only one study with larger
sample size presented significant results (OR =0.84, 95%CI: 0.72—
0.98), which may influence the combined results [18]. When this
study was deleted from the subgroup analysis, significant results in
the Caucasian population disappeared. Therefore, the finding
between ERCC2 Lys751GIn polymorphism and the risk of glioma
in Caucasian population should be addressed with caution.
Furthermore, a stratified analysis for different types of glioma in
ERCC2 Lys751GIn polymorphism was performed, and no
significant association was identified in either groups. However,
only two studies provided the available data for glioma classifica-
tion. In addition, glioma patients were only separated into two
groups, including glioblastoma multiforme and nonglioblastoma
multiforme. Therefore, we cannot explicitly estimate the effects of
ERCC2 Lys751GIn polymorphism on the risk of different kinds of
glioma in our study.
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Figure 5. Funnel plot for ERCC1 C8092A polymorphism (C vs A).

doi:10.1371/journal.pone.0095966.9g005

In this study, the heterogeneity Q statistic test and the I statistic
were used to test the between-study heterogeneity. For all studies,
the significant heterogeneity existed only under recessive model in
ERCC2 Lys751GIn polymorphism. When the studies were
stratified according to ethnicity, significant heterogeneity still
existed in the Chinese population, but no statistically significant
heterogeneity was observed in the Caucasian population. This
suggests that significant heterogeneity might be attributed to
differing ERCC2 Lys751GIn polymorphism by ethnicity.

Sensitivity analysis was performed by changing the fixed or
random effects model and omitting one study each time to observe
the change of effects. For ERCC1 C8092A polymorphism, no
significant change was observed. However, the effect of ERCC2
Lys751GIn  polymorphism on the risk of glioma changed
significantly, though the combined OR was very close to 1. We

then looked for publication bias using Begg’s test, Egger’s test and
funnel plot. No significant publication bias existed in this meta-
analysis. This indicated that the results in this meta-analysis were
generally reliable.

Although publication bias was not identified in this meta-
analysis, there are some potential limitations. First, only ten
eligible studies were included in this meta-analysis. Therefore, in
the subgroup analyses by ethnicity, the number of cases and
controls was relatively small, which may lead to low statistical
power in identifying the association. Furthermore, different
pathological types of glioma were not considered, which may be
the source of between-study heterogeneity. Unfortunately, only
two studies in Caucasian populations provide genetic data of
ERCC2 Lys751GIn polymorphism for glioblastoma multiforme
and nonglioblastoma multiforme, respectively. Lastly, our meta-
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Figure 6. Funnel plot for ERCC2 Lys751GIn polymorphism (G vs T).
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analysis was largely performed by unadjusted estimates, because of
the limitations in selected studies 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 suggested that ERCCI
8092AA genotype was associated with the higher susceptibility of
glioma in the Chinese population. However, TT genotype of
ERCC2 Lys751GIn polymorphism might decrease the risk of
glioma in Caucasian population. Due to the small number of
studies and moderate methodological quality, the results require
cautious interpretation. Studies with larger sample size and more
specified information in pathological types of glioma are needed to
confirm our results for both Chinese and Caucasian populations.

Reference

1. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002. CA
Cancer J Clin 55: 74-108.

2. Jiang T, Tang GF, Lin Y, Peng XX, Zhang X, et al. (2011) Prevalence estimates
for primary brain tumors in China: a multi-center cross-sectional study. Chin
Med J (Engl) 124: 2578-2583.

3. Bondy ML, Scheurer ME, Malmer B, Barnholtz-Sloan JS, Davis FG, et al.
(2008) Brain tumor epidemiology: consensus from the Brain Tumor Epidemi-
ology Consortium. Cancer 113: 1953-1968.

4. Ohgaki H, Dessen P, Jourde B, Horstmann S, Nishikawa T, et al. (2004) Genetic
pathways to glioblastoma: a population-based study. Cancer Res 64: 6892-6899.

5. Burkhard C, Di Patre PL, Schuler D, Schuler G, Yasargil MG, et al. (2003) A
population-based study of the incidence and survival rates in patients with
pilocytic astrocytoma. J Neurosurg 98: 1170-1174.

6. Sadetzki S, Chetrit A, Freedman L, Stovall M, Modan B, et al. (2005) Long-term
follow-up for brain tumor development after childhood exposure to ionizing
radiation for tinea capitis. Radiat Res 163: 424-432.

7. Davis F, II'yasova D, Rankin K, McCarthy B, Bigner DD (2011) Medical
diagnostic radiation exposures and risk of gliomas. Radiat Res 175: 790-796.

8. Vogelstein B, Kinzler KW (2004) Cancer genes and the pathways they control.
Nat Med 10: 789-799.

9. Fleck O, Nielsen O (2004) DNA repair. J Cell Sci 117: 515-517.

10. Aiub CA, Mazzei JL, Pinto LF, Felzenszwalb I (2004) Participation of BER and
NER pathways in the repair of DNA lesions induced at low N-nitrosodiethy-
lamine concentrations. Toxicol Lett 154: 133-142.

11. Gellon L, Barbey R, Auffret van der Kemp P, Thomas D, Boiteux S (2001)
Synergism between base excision repair, mediated by the DNA glycosylases
Ntgl and Ntg2, and nucleotide excision repair in the removal of oxidatively
damaged DNA bases in Saccharomyces cerevisiae. Mol Genet Genomics 265:
1087-1096.

12. Zhou W, Gurubhagavatula S, Liu G, Park S, Neuberg DS, et al. (2004) Excision
repair cross-complementation group 1 polymorphism predicts overall survival in
advanced non-small cell lung cancer patients treated with platinum-based
chemotherapy. Clin Cancer Res 10: 4939-4943.

13. YuJJ, Lee KB, Mu C, Li Q, Abernathy TV, et al. (2000) Comparison of two
human ovarian carcinoma cell lines (A2780/CP70 and MCAS) that are equally
resistant to platinum, but differ at codon 118 of the ERCC1 gene. Int J Oncol
16: 555-560.

14. Lunn RM, Helzlsouer KJ, Parshad R, Umbach DM, Harris EL, et al. (2000)
XPD polymorphisms: effects on DNA repair proficiency. Carcinogenesis 21:
551-555.

15. Duell EJ, Wiencke JK, Cheng T], Varkonyi A, Zuo ZF, et al. (2000)
Polymorphisms in the DNA repair genes XRCC1 and ERCC2 and biomarkers
of DNA damage in human blood mononuclear cells. Carcinogenesis 21: 965—
971.

16. Chen P, Wiencke J, Aldape K, Kesler-Diaz A, Miike R, et al. (2000) Association
of an ERCCI polymorphism with adult-onset glioma. Cancer Epidemiol
Biomarkers Prev 9: 843-847.

PLOS ONE | www.plosone.org

ERCC1 and ERCC2 Variants Associated with Glioma

Supporting Information

Checklist S1 PRISMA checklist.
DOC)

Acknowledgments

We greatly thank Dr. Qingqing Guo and Dr. Bin Wang for their help on

literature search.

Author Contributions

Conceived and designed the experiments: LWZ YX. Performed the
experiments: SYH QYW. Analyzed the data: JPL. Contributed reagents/
materials/analysis tools: JPL YX. Wrote the paper: YX LWZ JPL.

17. Liu Y, Scheurer ME, El-Zein R, Cao Y, Do KA, et al. (2009) Association and
interactions between DNA repair gene polymorphisms and adult glioma. Cancer
Epidemiol Biomarkers Prev 18: 204-214.

18. McKean-Cowdin R, Barnholtz-Sloan J, Inskip PD, Ruder AM, Butler M, et al.
(2009) Associations between polymorphisms in DNA repair genes and
glioblastoma. Cancer Epidemiol Biomarkers Prev 18: 1118-1126.

19. Pan WR, Li G, Guan JH (2013) Polymorphisms in DNA repair genes and
susceptibility to glioma in a chinese population. Int J] Mol Sci 14: 3314-3324.

20. Zhang N, Lin LY, Zhu LL, Wu F, Wen H, et al. (2012) ERCC]1 polymorphisms
and risk of adult glioma in a Chinese population: a hospital-based case-control
study. Cancer Invest 30: 199-202.

21. Yang D, Li QG, Zhang YZ, Wang HY, Luo YN, et al. (2005) Comparison of
screen for single nucleotide polymorphisms of the glioma susceptibility gene -
ERCC2 by using denaturing high performance liquid chromatography and
restriction fragment length polymorphism. Chinese Journal of Minimally
Invasive Neurosurgery 10: 164-166.

22. Wrensch M, Kelsey KT, Liu M, Miike R, Moghadassi M, et al. (2005) ERCC1
and ERCC2 polymorphisms and adult glioma. Neuro Oncol 7: 495-507.

23. Chen DQ, Yao DX, Zhao HY, Yang SJ (2012) DNA repair gene ERCC1 and
XPD polymorphisms predict glioma susceptibility and prognosis. Asian Pac J
Cancer Prev 13: 2791-2794.

24. Little J, Higgins JP, Ioannidis JP, Moher D, Gagnon F, et al. (2009)
STrengthening the REporting of Genetic Association Studies (STREGA)—an
extension of the STROBE statement. Genet Epidemiol 33: 581-598.

25. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring
inconsistency in meta-analyses. BMJ 327: 557-560.

26. Caggana M, Kilgallen J, Conroy JM, Wiencke JK, Kelsey KT, et al. (2001)
Associations between ERCC2 polymorphisms and gliomas. Cancer Epidemiol
Biomarkers Prev 10: 355-360.

27. Rajaraman P, Hutchinson A, Wichner S, Black PM, Fine HA, et al. (2010) DNA
repair gene polymorphisms and risk of adult meningioma, glioma, and acoustic
neuroma. Neuro Oncol 12: 37-48.

28. Goode EL, Ulrich CM, Potter JD (2002) Polymorphisms in DNA repair genes
and associations with cancer risk. Cancer Epidemiol Biomarkers Prev 11: 1513~
1530.

29. Qiao Y, Spitz MR, Shen H, Guo Z, Shete S, et al. (2002) Modulation of repair
of ultraviolet damage in the host-cell reactivation assay by polymorphic XPC
and XPD/ERCC2 genotypes. Carcinogenesis 23: 295-299.

30. Au WW, Salama SA, Sierra-Torres CH (2003) Functional characterization of
polymorphisms in DNA repair genes using cytogenetic challenge assays. Environ
Health Perspect 111: 1843-1850.

31. Matullo G, Peluso M, Polidoro S, Guarrera S, Munnia A, et al. (2003)
Combination of DNA repair gene single nucleotide polymorphisms and
increased levels of DNA adducts in a population-based study. Cancer Epidemiol
Biomarkers Prev 12: 674-677.

April 2014 | Volume 9 | Issue 4 | €95966



