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ABSTRACT Objective: To investigate the X-ray repair cross-complementing 1 (XRCC1) genetic polymorphisms and risk of glioma.
Methods: In September, 2012, relevant articles were searched in PubMed, EMBASE, ISI Web of Knowledge, ScienceDirect database,
and CNKI . ORs and 95% Cls were used to assess the strength of the associations with different genetic models. Potential sources of
heterogeneity were sought out by subgroup and meta-regression analyses. Results: 12, 8, and 5 studies were found to be eligible for
meta-analyses of Arg399GIn, Argl94Trp, and Arg280His, respectively. For Arg399Gln, the overall odds ratios (ORs) are significant
under all genetic models. For Arg194Trp, the overall fixed effects ORs were significant under homozygote genetic model and recessive
genetic model. No significant results were found for Arg280His. Stratified and meta-regression analyses revealed that significant risks
were only observed in Asians under all genetic models for Arg399GIn, and Asians have significantly higher risk for glioma than
Caucasians. Pooled risk for studies with HWE deviation in controls seems to overestimate the risk for Argl94Trp. Discussion: The

present study suggests that the Arg399Gin is a candidate gene for glioma only for Asians, and increased risk for Argl94Trp probably due

to studies deviated from HWE in controls.
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Introduction

Glioma is the most common primary central nervous system
(CNS) tumor which accounting for approximately 2.0-6.0% of all
adults tumors in adults . Although it is not common like other
cancers such as breast cancer or lung cancer, glioma has attracted
increased attention because of poor prognosis. More than half of
this tumor is high-grade gliomas, and the survival time for patients
range from 1 to 3 years after initial diagnosis . Even with a low-
grade glioma, 50% to 75% will eventually die®. A combination of
multiple environmental and genetic factors has been considered to
contribute to the occurence of the disease.

Many studies showed that variability in DNA repair capacity
might play an important role as a modifier of cancer risk, including
glioma B4, XRCC1 (x-ray repair cross-complementing group 1) is
a type of DNA repair gene encoding the XRCC1 complex (an en-
zyme), which is essential for mammalian viability and XRCC1-de-
ficient cells are genetically unstable and sensitive to DNA damag-
ing agents. Common polymorphisms of XRCC1 gene are associat-
ed with many cancer risks 9, However, it is still uncertain if this
gene may contribute to susceptibility to glioma.

The XRCCI1 coding gene is located on chromosome 19q13.2
. To date, there have been 700 polymorphisms identified in the
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XRCC1 gene in human (http://www.ncbi.nlm.nih.gov/SNP), most
of which are nonsense mutation. Three functional polymorphisms
have been most extensively studied: Arg399GlIn, Argl94Trp, and
Arg280His. In 2004, Wang et al.®. published the first study ex-
ploring the relationship between the Arg399GIn polymorphism
and glioma risk. Since then, researchers had consecutively report-
ed associations between at least 1 of those 3 polymorphisms and
glioma risk, but with conflicting results ®*, which may probably
due partly to insufficient power, different source of controls or dif-
ferent ethnicity. Recently, a meta-analysis summarized the associa-
tion of the Arg399GIn polymorphism and glioma risk, but only
those studies limited to Caucasians . Though Wei et al.”?. per-
formed a meta-analysis with 11 studies irrespective of ethnicity,
and found significant associations on the basis of either a heterozy-
gous genetic model
(GIn/Gln + Arg/Gln vs Arg/Arg), but some of the extracted data

with relative large sample size studies, to our knowledge, were in-

(Gln/Arg vs. Arg/Arg) or a dominant one

correct. For example, the reviewers mistook the group "Menin-
gioma" with controls in one study by Kiuru et al.'", and the num-
ber of the control in that study accounted for nearly one third of
the total number of controls in the meta-analysis. In another study
by Liu et al. %, the reviewers grouped "GIn/Arg + Arg/Arg" into a
group "Arg/Arg" which could be calculated according to the allele
frequencies reported in the article actually. Accordingly, we aimed
to carry out a meta-analysis to shed more light on the role of these
3 polymorphisms in susceptibility to glioma and to identify possi-

ble sources of heterogeneity among the eligible studies. And the
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results will help find genetic marks to prevent and treat glioma.
1 Materials and methods
1.1 Study selection

This meta-analysis followed the MOOSE guideline &, To i-
dentify potentially relevant articles and abstracts, two investigators
independently conducted a systematically electronic search using
the following terms " (glioma* or glioblastoma or astrocytomas)
and (X-ray cross complementing group 1 or x-ray repair
cross-complementing group 1 or XRCC1) and (polymorphism* or
genotype™® or variant®)" in the PubMed database (from 1966 to
September, 2012). We subsequently repeated this search in the
EMBASE, ISI Web of Knowledge, ScienceDirect database, CNKI
and GOOGLE Scholar. Reference lists of relevant articles were re-
viewed manually to search for more studies.

For inclusion, studies included in the meta-analysis had to
meet the following criteria: (1) case-control designed studies; (2)
reported outcomes include glioma without considering the histo-
logical type; and (3) polymorphism should include at least one in
our study. Studies were excluded if: (1) no detailed genotype fre-
quency; and (2) insufficient information for data extraction; and
(3) a extreme odds ratio (OR) for a single study. When multiple
publications from the same patient population resource or overlap-
ping data sets were available, only the most recent or largest sam-
ple size study was included in the meta-analysis.

1.2 Data extraction

The citations (titles and abstracts) search and data extraction
were carried out independently by two reviewers (ZFF and SLL),
and disagreements were resolved by consensus. The following in-
formation was collected in a predefined data collection form: arti-
cle title, the first author's name, year of publication, country of ori-
gin, ethnicity, glioma diagnosis method, genotyping method,
matching variable(s), source of controls, proportion of men of cas-
es and controls, total number of cases and controls, mean age of
cases and controls, and numbers of cases and controls with differ-
ent genotypes. The quality of each study selected for inclusion in
the meta-analysis was assessed by the Newcastle-Ottawa Quality
Assessment Scale for case-control studies P The instrument is a
three-item checklist that provides an assessment of selection of
cases and controls (0 to 4 stars), comparability of cases and con-
trols (0 to 2 stars) and ascertainment of exposure (0 to 3 stars). The
quality score ranged from 0 to 9 points™!.,

2 Statistical Analysis

We used crude ORs with their 95% confidence intervals (Cls)
to assess the strength of association between XRCC1 polymor-
phisms and glioma risks. We used additive (homozygote or het-
erozygote) genetic model to assess the overall and following strati-
fied effects: Gln/Gln or Glw/Arg vs. Arg/Arg for Arg399Gln,
Trp/Trp or Trp /Arg vs. Arg/Arg for Argl94Trp, His/His or
His/Arg vs. Arg/Arg for Arg280His. We also performed subgroup

analysis, if available, according to ethnicity, control population

source, HWE in controls, and genotyping technique, respectively.
The departure of frequencies in controls from expectation under
Hardy-Weinberg equilibrium (HWE) was assessed by chi-square
test. Ethnicity, percentage of male, source of control, mean age in
cases and controls, HWE in Controls, and genotyping technique
were analyzed as covariates in meta-regression for Arg399Glin.
Statistical heterogeneity between studies or groups was determined
by the Q-test and 12 statistic. 12 values of 25%, 50%, and 75% cor-
responded to cut-off points for mild, moderate, and extensive sta-
tistical inconsistencies, respectively™., and P<0.05 was considered
statistically significant. With lack of heterogeneity among studies,
the pooled OR estimate was merged by the fixed effects model™.
Otherwise, the random effects model was applied #. Publication
bias was investigated with Egger regression asymmetry test and
funnel plot . All statistical analyses were completed using Stata
Version 11.0 (College Station, TX, USA).

3 Results

3.1 Literature search and studies characteristics

A total of 61 articles were achieved by literature search from
the Pubmed and Embase, ISI Web of Knowledge, ScienceDirect,
CNKI and other searching methods, using different combinations
of key words. We excluded one study by Yosunkaya et al.® with
extremely large values (over four time than overall estimates for
all genetic models) significantly contributing to the heterogeneity
for Arg399GiIn. Finally, 12 case-control studies (11 articles in Eng-
lish #3152 apd | article in Chinesel' were used to evaluate the as-
sociation of XRCC1 polymorphisms with risk for glioma, one of
which was multi-country studies (Table 1), All of the 12 articles
B13.15200 (4,426 cases and 6,525 controls) were appropriate for com-
bined analysis for the associations regarding Arg399Gin; 8 studies
13151618201 (3 316 cases and 5,530 controls) were relevant to the
association with Argl94Trp, and 5 studies!™ >16 8 1 (2 063 cases
and 3,144 controls) were relevant to the association with
Arg280His.

Table 1 shows the characteristics of these studies. Sample
sizes ranged from 178 to 3,009 (median 919.1). Controls in 10
(83.3%) studies were matched at least by age and sex. The quality
scores for all of these studies are =2 5, and 9 of 12 studies = 7.
Table 1 shows the XRCC1 3 polymorphisms genotype distribu-
tion, and the control groups in 3 studies "7 were not in HWE for
Arg399Gln, 2 studies "5'9 for Argl94Trp, and 1 study [ for
Arg280His.

3.2 Quantitative synthesis

For Arg399Gln, the combined results suggest significant as-
sociations under all genetic models with moderate heterogeneity
(GIn/Gln vs. Arg/Arg: OR = 1.21; 95%CI 1.07, 1.37, P = 0.002, 12
=42.3) (Fig. 2). Stratified analyses reveal that the pooled increased
ORs were significant only for Asians under all genetic models
(Gln/Gln vs. Arg/Arg: OR = 1.72; 95%CI 1.31, 2.25, P <0.001).

The between-studies heterogeneity reduced from moderate
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Table 1 Study characteristics from included studies in the meta-analysis

. Cases Controls
First author Ethnici Sample  Source of Quality SNP(s)
thnicity A A, s
(Year) Size Controls No. ge Gender No. ge Gender Score
(years) (M%)* (years) M%)*
Wang LE )
Caucasian 651 Population 309 44.1 54.0 342 43.8 48.8 8 Arg399GIn
(2004)(1)
Felini MJ .
Caucasian 793 Population 366 51.0 59.0 427 56.0 54.0 8 Arg399GIn
(2007)(2)
Cengiz SL )
Caucasian 222 Population 135 55.2 50.4 87 - - 6 Arg399GIn
(2008)(3)
. Arg399Gln;
Kiuru A
Caucasian 2,261  Population 701 48.2 60.8 1,560 51.8 45.2 8 Argl194Trp;
(2008)(4)
Arg280His
LiuY . . Arg399Gln;
Caucasian 738 Population 373 - 56.8 365 - 43.6 9
(2009)(5) Argl94Trp
McK-
. . . Arg399Gin;
ean-Cowdin Caucasian 3,009 Mixedb 1,015 56.3 61.0 1,994 53.6 51.1 8
Argl194Trp;
R (2009)(6)
. Arg399Gln;
Rajaraman . .
Caucasian 857 Hospital 362 51.2 54.7 495 49.2 46.1 7 Argl94Trp;
P (2010)(7)
Arg280His
Custodio
. . . Arg399Gin;
AC (2011)  Hispanic 180 Population 80 45.0 65.0 100 45.0 68.0 5
Argl94Trp
®)
Arg399Gln;
Hu XB .
Asian 376 Hospital 127 49.5 68.5 249 48.9 66.7 8 Arg194Trp;
(2011)(9)
Arg280His
Liu JM
Asian 178 Hospital 89 - 58.4 89 - 58.4 6 Arg399GIn
(2011)(10)
Arg399Gln;
Zhou LQ )
@011)(11) Asian 560 Hospital 271 47.8 62.0 289 46.9 62.3 7 Argl194Trp;
Arg280His
Arg399Gln;
Wang D ) )
Asian 1,204  Hospital 624 51.6 51.1 580 50.4 522 7 Argl194Trp;
(2012)(12)
Arg280His
Note: a Percentage of male.
b Controls source from both hospital and general population.
. T C irst Author Gln/Gln vs. s Ratio i
(42.3%) to around mild (9.8%), indicating ethnicity significantly o o obtication) e il
contributes to heterogeneity Wang LE (2004) — & 074(0.45,121) 630
: Felini MJ (2007) 1.18 (0.76, 1.84) 7.82

L
For Argl94Trp, the overall fixed ORs were significant under Cengiz SL (2008) 3.09(081,11.80)  0.84
Kiuru A (2008) B 117(0.88,1.57) 1811

homozygote genetic model (Trp/Trp vs. Arg/Arg) (OR = 1.83; Liu Y (2009) I 141(091,217) 808
McKean—Cowdin R (2009) *‘.7 1.18 (0.93, 1.49) 27.32
95% CI 1.32, 2.52, P <0.001), with insignificant obvious evidence Rajaraman P (2010) —— 0.88(0.57,1.36)  8.11
. . Custodio AC (2011) —— 0.59(0.29,1.23)  2.83
of between-study heterogeneity (12 = 43.9%) (Figure 3). In the Hu XB (2011) — ] 1.81(0.96,343) 371
. . . Liu JM (2011) _——— 1.31(0.61,2.80)  2.61
subgroup analysis by status of HWE in control, pooled risk for Zhou LQ (2011) - 187(106,330) 470
studies with HWE deviation in controls shows a significantly high- o oo - £23% p - 0.060) Py . oo s 1m0
er risk than studies with HWE in control a homozygote genetic NOTE: Weights are from fixed effects analysis
0.4 0.6 0.8 1.0 1.5 2 3 4
model (Trp/Trp VS. Arg/Arg) (OR = 3.10; 95% CI 1.14, 8.46 vs. Odds Ratio (95% CI)

OR =1.30, 95% CI, 0.85 - 1.97, P for interaction was 0.012).

For Arg280His, the combined results showed that no obvious

Fig.1 XRCCI1 Arg399GIn polymorphism and the risk of glioma. GIn/Gln

vs. Arg/Arg comparison
associations were found in a fixed-effects setting (Fig. 4). No sig-

nificant between sub-group heterogeneity were observed for strati- ~ fied analysis (all P values >0.05).
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3 Trp/Trp vs. Arg/Ar; : ;i . .

First Author mp/lrp g Odds Ratio Weight . . )
(Year of Publication) % € o First Author His/His vs. Arg/Arg Odds Ratio ~ Weight

(Year of Publication) (95% CI) (%)
Liu Y (2009) ] 0.57(0.06,5.56)  2.02 )
Kiuru A (2008) u 330(0.55,19.80) 3.4 Kiuru A (2008) < . 0.55(0.06,4.95)  8.66
McKean—Cowdin R (2009) —— ——— 0.99 (0.25,3.96)  5.40 Rajaraman P (2010) L] 0.45(0.02,10.97) 4.38
Rajaraman P (2010) . 043 (0.02,10.64) 101 Hu XB (2011) 7.7 151 (0.86,2.66) 44.08
Custodio AC (2011) — Nl s2es100 18

Zhou LQ (2011 *4.7 1. .57,5.47) 23.51
Hu XB (2011) + 188(0.95,3.72) 2237 ouLQ (2011) 76(05 )
Zhou LQ (2011) e 1.18 (0.54,2.60)  16.78 Wang D (2012) —l— 0.31(0.08,1.16)  19.36
Wang D (2012) — 1.42(0.79, 2.54) 30.53 Opverall ‘ 1.00 (0'50’ 2'01) 100.00
Overall (I-squared = 43.9%, p = 0.086) < 1.83(1.32,2.52)  100.00 (I-squared = 33.0%, p = 0.201)
NOTE: Weights are from fixed effects analysis NOTE: Weights are from random effects analysis

: . —
02 04 06081 2 4 8 12 01 04 1 2 4 10
0dds Ratio (95% CI) Odds Ratio (95% CI)

Fig. 2 XRCC1 Argl94Trp polymorphism and the risk of glioma.
Trp/Trp vs. Arg/Arg comparison

3.3 Publication bias

The shapes of the funnel plots seemed symmetrical, and Eg-
ger's test suggested that there was no publication bias for studies of
Arg399GIn, Argl94Trp and Arg280His polymorphisms associa-
tions with glioma risk in the current meta-analysis (all P values >0.
05) (data not shown). These findings suggested tht bias from pub-
lications, might not have a significant effect on the results of our
meta-analysis for the association between the three commonly
studied XRCC1 polymorphisms and glioma risk.

4 Discussion

In this meta-analysis, the evidence of associations between
the Arg399GIn, Argl94Trp, and Arg280His polymorphisms of
XRCCI1 and glioma susceptibility were examined. Our results pro-
vide evidence of significant risks for glioma with Arg399GIn,
Argl194Trp, but not Arg280His polymorphism. Although our find-
ings do not support the associations between the XRCC1 polymor-
phisms and glioma risk in all ethnic groups, our stratified analysis
does reveal a significant association between the Arg399GlIn poly-
morphism and the risk of developing glioma in Asians.

A G to A transition at position 28152 on exon 10 of XRCC1
gene, lead to a change from arginine to glutamine at codon 399,
has been a research focus, due to its location within the region of
the BRCT1. Mutation in Arg399GIn could influence DNA repair
capability by altering the structure of the BRCT1 domain responsi-
ble for interacting with several of the key components of the base
excision repair machinery  *.. Epidemiologic studies indicated
that the amino acid change at codon -399 resulting from a Arg- to-
Gln could increase aflatoxin B1-DNA adducts and glycophorin A
variant frequency which represent DNA base damage and strand
breaks”"*. Epidemiological evidence and meta-analyses revealed
that Arg399GIn polymorphism was associated with about 3.5-fold
increased risk of skin cancer™, 1.30-fold nasopharyngeal carcino-
ma 34, and 1.15-fold breast cancer ™. In our study, we also found
Arg- to- Gln mutation at codon -399will increase risk of glioma.

We observed modification of the effect of the XRCCI
GIn399Arg polymorphism by ethnicity. Increased risks of giloma

Fig. 3 XRCC1 Arg280His polymorphism and the risk of glioma.
His/His vs. Arg/Arg comparison

among Asians were persisted, but not Caucasians, which indicated
a possible role of differences in genetic backgrounds, the environ-
mental factors or the diet habits. Unfortunately, subgroup analysis
was not possible in Hispanics and other ethnic population due to
limited data.

XRCC1 Argl94Trp polymorphism is located in an evolution-
arily conserved linker region between its DNA polymerase 8 do-
main and poly(ADP-ribose) polymerase-interacting domains, then
the mutation could alter the interaction of XRCC1 with either or
both of these DNA repair proteins within the base excision repair
complex®), However, epidemiologic studies have failed to find the
association between Argl94Trp and DNA repair functional out-
comes B, Arg194Trp polymorphism indeed is associated with
glioma susceptibility in our study. In sub-group analysis, signifi-
cant sub-group differences were found for pooled risks of studies
with controls in HWE (P for interaction was 0.018). Then, the sig-
nificant results in Argl94Trp probably were due to allele disequi-
librium distribution in controls. More evident differences should
be existed under all genetic models, because two studies with
HWE deviation in controls belonging to group with Caucasians
seems to overestimate the risks for studies with Caucasians. Then,
we strongly recommend that researchers design genetic polymor-
phism association studies more rigorously and with larger number
of participants in the future.

XRCC1 Arg280His polymorphism lies within the APE-bind-
ing domain B¢ and could interact with apurinic/apyrimidinic en-
donuclease (APE)P*3¥, However, recent meta-analyses suggested
that Arg280His polymorphism did not confer an increase cancer
risk of stomach ) colorectum ), breast *, and lung B4 In our
study, we also did not found any associations between the
Arg280His polymorphism and risk of glioma. But the negative re-
sults of these meta-analyses probably due to insufficient sample
size (about 5000 to 10000). We calculated the sample size for one
study assuming a control group incidence rate of 5% (approxi-
mately the median rate referring to Pubmed, significance level al-
pha of 5%, and power of 80%. A total of 10009 cases and 10009
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controls were needed for detecting a 20% relative risk increase in
glioma risk. Due to the heterogeneity across included studies, the
meta-analysis information size additionally required adjustment for
variation across studies®. Thus, further studies with relative large
sample size were invited to yield strong evidence.

Several limitations of the present study require consideration.
First, moderate to significant heterogeneity was found under most
genetic models for Arg399GIn (26.0% to 50.8%) and significant
for Argl94Trp (43.9% to 84.4%), which may have distorted the
meta-analysis. However, after stratifying ethnicity, the heterogene-
ity reduced to mild (0.0% to 26.8%) for Arg399GIn. Moreover,
meta-regression analyses also identified that ethnicity as a charac-
ter contributing to the heterogeneity. We also found status of HWE
in control was the main contributor to the heterogeneity for
Argl94Trp. Second, only data from Caucasian and Asian partici-
pants was included in the ethnicity-specific analysis, and thus our
results probably could not be applicable to other ethnic groups.
Third, in the meta-analysis of Arg280His, we could include only
five studies, and the current evidence is too limited to draw a
definitive conclusion for Arg280His. Thus, further studies with
large sample size are required to identify this association. Fourth,
most of studies (9/12) were high-quality case-controls (Quality
score was = 7). Lastly, our pooled analysis based on allele fre-
quency, it is impossible to adjust confounders such as age, sex,
smoking, and alcohol consumption. However, for most studies (n
= 10) in our analysis, age and sex are well matched in cases and
controls. In view of the strengths and limitations, we are convinced
that the results of our meta-analysis, in essence, are sound and reli-
able for Arg399GIn and Argl94Trp, and larger sample size or
more studies were required for convincing results for Arg280His.

In conclusion, Arg399GIn and Argl94Trp polymorphisms in
the XRCC1 gene are associated with the risk of glioma, but not
Arg280His. With relative large number of studies combined, the
present study got convinced findings. The results will help explore
genetic biomarkers to find high-risk populations, and make then
pay more attention to early discovery of this type of disease. In ad-
dition, it also might help develop new drugs targeting these locus
to treatment or prevention of progress of glioma. Future studies are
invited to work on the function of the genetic-expressed products.
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