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Abstract: Background: The polymorphism of XRCC3 T241M has been indicated to be correlated with glioma sus-
ceptibility, but study results are still controversial. The aim of this study was to obtain a more exact estimation
of the association between XRCC3 Thr241Met polymorphism and glioma through a meta-analysis. Methods: The
meta-analysis included 11 published case-control studies involving 4637 cases and 5854 controls. Odds ratio
(OR) with 95% confidence interval (95% Cl) were used to evaluate the association of XRCC3 T241M polymorphism
with glioma. Results: The association between XRCC3 Thr241Met polymorphism and glioma was significant in the
allele model, recessive model, and co-dominant model overall. In a stratified analysis by the ethnicity, significantly
increased risk was detected in Asians in the allele model, recessive model, and co-dominant model. Conclusions: In
conclusion, XRCC3 Thr241Met polymorphism was implied to be associated with increased glioma risk. More studies
are needed to validate this result.
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Introduction

Glioma, the most common type of brain tumors
in adults, arises from glial cells and starts in
the brain or spine, which accounts for approxi-
mately 80% of all primary malignant brain and
central nervous system tumors [1, 2]. The etiol-
ogy, epidemiology, and molecular mechanism
of glioma are still poorly understood. Previous
studies have showed that many factors, such
as workplace, diet, and other personal or resi-
dential exposures might correlate with the glio-
ma risk [3, 4]. Besides, the genetic factors
including single nucleotide polymorphisms
(SNPs) may also exert effects on the develop-
ment of glioma.

X-ray repair cross-complementing group 3
(XRCC3), a member of DNA repair genes, is
involved in maintaining the stability of genome
by homologous recombination repair for DNA
double-strand breaks [5]. It has been report-

ed that a single nucleotide polymorphism
(C18067T, rs861539) at the 18,067th nu-
cleotide in exon 7 of the XRCC3 gene, with a
C-to-T change, and this change leads a Thr-to-
Met amino acid change at codon 241 [6]. The
XRCC3 Thr241Met polymorphism may affect
the enzyme’s function and/or its interaction
with other protein involved in DNA damage
and repair, may be associated with the risk
of many kinds of tumors, including gastric can-
cer [7], liver cancer [8], melanoma [9], prostate
cancer [10] and breast cancer [11].

Over the last decade, a number of studies have
been conducted to investigate the association
between XRCC3 Thr241Met polymorphism and
glioma risk in humans. However, these studies
reported conflicting results. The reason is the
possible small effect of the polymorphism on
glioma risk and the relatively small sample size
in each of the studies. We feel it is necessary to
quantitatively summarize the evidence using
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the gradually accumulated data. In this study,
compared with the prior meta-analysis [12],
we include several additional studies, which
allowed for a larger number of subjects and
more precise risk estimation.

Materials and methods

Search for publications

We conducted a literature search of the Pub-
Med and EMBASE databases, without a lan-
guage limitation, covering all papers publish-
ed up to November 2015, using the follow-
ing keywords and subject terms: X-ray repair
cross-complementing group 3, XRCC3, poly-
morphism, glioma, brain tumor. We expanded
the scope of the computerized literature search
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on the basis of the reference lists of retrieved
articles.

Inclusion and exclusion criteria

The following inclusion criteria were used: (1)
the study should have evaluated the associa-
tion between the XRCC3 T241M polymorphism
and glioma risk; (2) the study should have a
case-control design; (3) sufficient data should
have been provided in order to calculate odds
ratios (OR) and 95% confidence interval (Cl).
Studies were excluded if any of the following
conditions applied: (1) only abstracts or reviews
were available, without sufficient data; (2) gen-
otype frequencies were not reported; and (3)
studies were repeated or publications over-
lapped.
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Table 1. Characteristics of the case-control studies included in meta-analysis

mnor Yo County Bty SR et soorce - methed
Wang 2004 USA Caucasian 309 342 PB PCR-RFLP
Kiuru 2008 Finland Caucasian 701 1560 PB PCR-RFLP
Liu 2009 USA Caucasian 373 365 PB PCR-RFLP
Zhou 2009 China Asian 771 752 HB TagMan
Rajaraman 2010 USA Caucasian 350 479 HB TagMan
Custédio 2012 Brasil NA 80 100 PB PCR-RFLP
Liu 2012 China Asian 312 312 HB Sequenom MassARRAY
Luo 2013 China Asian 297 415 HB Sequenom MassARRAY
Pan 2013 China Asian 443 443 HB Sequenom MassARRAY
Xu 2014 China Asian 886 886 HB PCR-RFLP
Irene 2013 Spain Caucasian 115 200 HB TagMan

PB, population-based; HB, hospital-based; PCR, polymerase chain reaction; RFLP, pestriction fragment length polymorphism;

NA, not available.

Table 2. Distribution of XRCC3 Thr241Met genotype among

patients and controls

The pooled ORs were performed for
allele model (M vs. T), recessive

model (MM vs. TM+TT), dominant

Glioma Control Hardy- )

Study Met/ Th/ Thi/ Met/ Thr/ Thiy Weinberg ~ Model (MMTM vs. TT), co-domi-
Met Met Thr Met Met Thr equilibrium nantmoqlc_al (MM vs. TT), respective-

Wang, 2004 37 138 134 48 147 147  Yes ly. Stratified analyses were per-
Kiuru, 2008 94 319 288 169 761 630  No formed by ethnicity. In considera-
) tion of the possibility of hetero-
Liu, 2009 60 179 132 44 165 151 ves geneity across the studies, a statis-
Zhou, 2009 3 80 677 4 75 629 Yes tical test for heterogeneity was
Rajaraman, 2010 53 162 135 86 208 185 No performed based on the Q statistic.
Custodio, 2012 9 18 53 5 9 86 No If the P>0.10 of the Q test which
Liu, 2012 66 154 223 42 147 254 No indicates a lack of heterogeneity
Luo, 2013 21 131 145 17 168 229 Yes among studies, the summary OR
Pan, 2013 28 198 217 9 299 234 No estimate of each study was calcu-
Xu, 2014 71 343 472 45 356 485  Yes lated by the fixed effects model
Irene, 2013 16 56 43 21 92 87  Yes (the Mantel-Haenszel method).
Otherwise, the random effects

Data extraction

The following data were extracted from each
article: first author, year of publication, coun-
try, ethnicity of the participants, numbers of
cases and controls, source of controls, geno-
typing methods. The data were extracted by
two of the authors independently. Discrepan-
cies between these two authors were reso-
Ived by discussion.

Statistical analysis
The strength of association between the Thr-
241Met polymorphism and glioma risk was

measured by odds ratio (OR) and 95% confi-
dence interval (CI).
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model (the DerSimonian and Laird
method) was used. We also measured the
effect of heterogeneity by I? statistics. Relative
influence of each study on the pooled estimate
was assessed by omitting one study at a time
for sensitivity analysis. Sensitivity analysis was
also performed by omitting the HWE-violat-
ing study. Funnel plots and Egger’s test were
used to evaluate publication bias [13]. All sta-
tistical tests were performed with the soft-
ware STATA statistical software (version 11.2,
Stata Corporation, CollegeStation, Texas).

Results
Characteristics of studies

A total of eleven relevant articles on XRCC3
T241M polymorphism in glioma met the study
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Study %
ID OR (95% CI) Weight
Wang,2004 —-o-l—i— 0.95 (0.75, 1.19) 9.22
Kiuru,2008 —lt-e- 1.04 (0.91, 1.19) 13.51
Liu,2009 —i-o— 1.25(1.01, 1.54) 9.86
Zhou,2009 —-o-—i— 0.96 (0.71, 1.31) 6.56
Rajaraman,2010 —o-—%- 0.94 (0.77, 1.15) 10.36
Custddio, 2012 i > 2.77(1.52,5.04) 241
|
Liu,2012 ‘i—i— 1.35(1.10, 1.66) 10.12
Luo,2013 —E—t— 1.27 (1.00, 1.62) 8.86
Pan,2013 —-O—E 0.97 (0.80, 1.18) 1054
Xu,2014 —Io— 1.12(0.96, 1.30) 12.64
Irene, 2013 : 1.23(0.88,1.72) 5.90
Overall (l-squared = 56.4%, p=0.011) ® 1.12(1.01, 1.24) 100.00
|
NOTE: Weights are from random effects analysis :
I I

.198 1

5.04

Figure 2. Forest plot of XRCC3 T241M polymorphism associated with glioma risk overall under M vs. T genetic

model.

inclusion criteria (Figure 1) and were includ-
ed in the meta-analysis [14-24]. Characteris-
tics of studies included in the current meta-
analysis are presented in Table 1. There were
5 Caucasian and 5 Asian studies, respective-
ly. Besides, there is 1 not available ethnicity
study. The controls were selected from hos-
pitals in 7 studies, while the other 4 studies
were selected from general population. The
distribution of the genotype in case and con-
trol population is shown in Table 2. Five stu-
dies were not in HWE in eligible studies.

Results of meta-analyses

Eleven studies including 4637 cases and
5854 controls studied the association of
XRCC3 T241M polymorphism with glioma, In
allelic model, our meta-analysis showed that
XRCC3 T241M polymorphism is associated
with increased glioma risk overall (OR=1.12,
95% Cl=1.01-1.24) (Figure 2), with a statisti-
cally significant between-study heterogeneity
(P=0.011). When stratifying for ethnicity, we
found that XRCC3 T241M polymorphism can
increase glioma risk for Asian (OR=1.10, 95%
Cl=1.03-1.17) (Table 3). However, we found
that there is no significant association between
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XRCC3 T241M polymorphism and glioma risk
for Caucasians (OR=1.05, 95% CI=0.96-1.09)
(Table 3).

In the recessive model, we found that XRCC3
T241M polymorphism can increase glioma risk
overall (OR=1.38, 95% CI=1.09-1.75) (Table
3). When stratifying for ethnicity, we found
that XRCC3 T241M polymorphisms associated
with increased glioma risk for Asians (OR=
1.80, 95% Cl=1.42-2.29) (Table 3). However,
we found that there is no significant asso-
ciation between XRCC3 T241M polymorph-
ism and glioma risk for Caucasians (OR=1.11,
95% CI=0.93-1.32) (Table 3).

In the dominant model, we didn’t find sig-
nificant association between XRCC3 T241M
polymorphism and glioma risk overall (OR=
1.100, 95% CI=0.97-1.25) and for Asians (OR=
1.07, 95% Cl=0.89-1.28) and for Caucasians
(OR=1.11, 95% CI=0.93-1.93) (Table 2) in the
dominant model.

Sensitivity analysis

A single study was excluded each time to evalu-
ate the effect of an individual study on the com-
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Table 3. The genetic effect of XRCC3 Thr241Met polymorphism on 29]. Among genetic fac-
glioma tors, DNA repair capacity is
an important factor. DNA
repair pathways, including

0Odds 95% confidence

_ Heterogeneity  Effects
Comparisons Pvalue ———

ratio interval 12 Pvalue model . = §
nucleotide excision repair
MvsT .. .
(NER), base excision repair
Overall 1.12 1.01-1.24 0.026 56.40% 0.011 Random (BER), and double-strand
Caucasian 1.05 0.96-1.09 0.263 23.50% 0.264 Fixed break repair (DSBR), play
Asian 1.10 1.03-1.17 0.007 41.20% 1.146 Fixed an important ro|e in main_
MM vs TM+TT taining genetic stability
Overall 1.38 1.09-1.75 0.007 57.30% 0.009 Random through different pathways
Caucasian 1.11  0.93-1.32 0.244 39.10% 0.161  Fixed [30].
Asi 1. 1.42-2.2 <0.0001 34.70% 0.1 Fi . .
sian 80 9 0.0001 34.70% 0.190 ixed XRCC3 is the major gene
MM+TM vs TT involved in the restoration
Overall 1.10 0.97-1.25 0.142 54.80% 0.014 Random phase of DNA damage. To
Caucasian 1.05 0.93-1.18 0.455 0.00% 0.435 Fixed date, numerous studies
Asian 1.07 0.89-1.28 0.485 59.60% 0.042 Random have examined the associ-
MM vs TT ation between the XRCC3
Overall 1.43 1.13-1.81 0.003 52.60% 0.021 Random T241M polymorphism and
Caucasian 1.13  0.94-1.36 0.195 35.20% 0.187  Fixed glioma susceptibility. HO_W-
Asian 182  1.43233 <0.0001 8.10% 0.36 Fixed ever, the results are in-

bined ORs and 95% Cls. The omission of any
single study did not significantly change the
pooled effects of different models. In addition,
there was no significant association by omit-
ting HWE-violating studies. These findings con-
firmed that the meta-analysis results were sta-
tistically robust and that our results were reli-
able and stable (data not shown) (Figure 3).

Publication bias test results

The shape of Begg’s funnel plots showed no
publication bias for dominant model in the
overall meta-analysis (Figure 4). In other ge-
netic models, publication bias was also not
detected.

Discussion

Glioma, originating from glial cells, is the
most common primary tumors of the central
nervous system, and it accounts for the major-
ity of the malignant brain tumors [25, 26].
Despite significant improvements in the diag-
nosis and treatment for patients with glioma,
this primary brain tumor remains essentially
incurable. Although surgery, chemotherapy,
and radiotherapy substantially improve patient
survival, 95% of patients have a mean survival
of less than 2 years following diagnosis [27].
Many studies demonstrated that genetic fac-
tors influence the susceptibility of glioma [28,
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consistent. Several individ-
ual studies reported that
XRCC3 T241M polymorphism is not associated
with glioma [15, 16]. On the contrary, some
studies concluded that XRCC3 T241M poly-
morphism increased the risk of glioma [17, 19].
In addition, a meta-analysis including eight
literatures failed to suggest an association of
the XRCC3 T241M polymorphism with glioma
risk [31]. Another meta-analysis concluded
that XRCC3 T241M polymorphism is associat-
ed increased glioma risk among Asians, but
have no association with overall population
and Caucasians. On account of the small
sample and contradictory conclusions of pre-
vious studies, we performed a meta-analysis
to assess the association between XRCC3
T241M polymorphism and glioma risk.

Zhao et al conducted a meta-analysis including
3754 cases and 4958 controls showed identi-
fied XRCC3 T241M polymorphism have no sig-
nificant association with glioma risk overall, but
can increased glioma risk among Asians [12].
Feng et al performed a similar meta-analysis
involving 3455 controls and 4435 controls
demonstrated that, XRCC3 T241M polymor-
phism is not appreciable association with glio-
ma risk [31].

To our knowledge, our meta-analysis had the
largest sample size to date, which have altered
the overall results. In this study, a total of 11
studies including 4637 cases and 5854 con-
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of XRCC3 T241M on glioma
risk. Second, different popu-

Meta-analysis estimates, given named study is omitted

| Lower CI Limit ¢ Estimate | Upper CI Limit

Wang,2004 |

Kiuru,2008 |
Liu,2009
Zhou,2009 |
Rajaraman,2010
Custédio,2012
Liu,2012
Luo,2013
Pan,2013 |
Xu,2014
Irene, 2013

’
|

1.01 1.03

lations usually have different
linkage disequilibrium pat-
terns. A polymorphism may
be in close linkage with anoth-
er nearby causal variant in
one ethnic population but
not in another [32]. Third, the
positive association between
XRCC3 T241M polymorphism
and glioma among Cauca-
sians could not be ruled out
because studies with small
sample size may have insuffi-
cient statistical power to
detect a slight effect.

Figure 3. Sensitivity analysis of the association between the XRCC3 T241M

polymorphism and glioma risk.

Begg's funnel plot with pseudo 95% confidence limits

s.e. of: logor

Figure 4. Begg's funnel plots of publication bias for the association between

the XRCC3 T241M polymorphism and glioma risk.

trols were reviewed. Our results demonstrate
that the XRCC3 T241M polymorphism can
increase the risk of glioma in overall popula-
tions. In the stratified analysis by ethnicity,
significant associations were found in the
Asians. However, no significant associations
were detected among Caucasian.

There are some possible reasons for such dif-
ferences. First, the frequencies of the risk allele
or genotype vary sharply between different eth-
nicities. Thus, more studies are needed to fur-
ther investigate ethnic differences in the effect
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When interpreting the re-
sults of the current study,
some limitations should be
addressed. First, our meta-
analysis is based on unad-
justed estimates. A more pre-
cise analysis allowing for an
adjustment by other co-vari-
ables, such as age, gender,
smoking status, alcohol con-
sumption and other variables,
could be performed if indi-
vidual data were available.
Ideally, we would like to pool
individual-level data. However,
lack of individual-level data
prevents us from making fur-
ther analysis. Second, some
heterogeneity was observed
in current study as a result
of uncontrolled confounding
factors and internal select-
ion bias. Heterogeneity can-
not be avoided. We solved this problem by
adopting sensitivity analysis and the random
effects model. Third, only studies published
and written in English were included this meta-
analysis, which may result out some degree of
publication bias. However, no evidence for pub-
lication bias was found, indicating that notice-
able harm would not be caused by the potential
publication bias. Finally, gene-gene and gene-
environment interactions were not performed
in this meta-analysis, owing to the lack of rele-
vant data. Thus, more studies with large sam-
ple size and careful design are needed to fur-
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ther identify this association more compre-
hensively.

Despite the limitations listed above, our meta-
analysis still has several strengths that merit
attention. This analysis includes the largest
number of cases and controls from each includ-
ed study reported to date, which significantly
increases statistical power. Moreover, our
results are in relatively good agreement with
those observed in the previous largest study,
and the results remain valid in almost every
subgroup analysis.

In conclusion, our meta-analysis suggests that
XRCC3 T241M polymorphism is significantly
associated with an increased risk of glioma.
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