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Research Highlights

(1) Evidence for the role of single nucleotide polymorphisms of the X-ray cross-complementing
group 1 (XRCC1) gene as genetic markers for glioma risk is conflicting. Therefore, we performed a
meta-analysis to identify statistical evidence for an association between the XRCC1 Arg399Gin,
Arg194Trp, Arg280His polymorphisms and glioma risk by accumulating all published data.

(2) Experimental design was strict and reasonable, and every possible mode of inheritance was
considered. Dominant and recessive genetic models were assumed and, at the same time, the re-
lationship between homozygous mutant genotype frequencies and mutant gene frequency and
glioma incidence was investigated.

(3) Meta-analysis results verified that the XRCC1 Arg399GIn polymorphism may be a biomarker of
glioma susceptibility, especially in Asian populations. The Arg194Trp and Arg280His polymorphisms
were found not to be associated with overall glioma risk.

Abstract

OBJECTIVE: To evaluate the association of X-ray cross-complementing group 1 (XRCC1)
Arg399Gin, Arg194Trp and Arg280His polymorphisms with the risk of glioma.

DATA SOURCES: A systematic literature search of papers published from January 2000 to August
2012 in PubMed, Embase, China National Knowledge Infrastructure database, and Wanfang da-
tabase was performed. The key words used were “glioma”, “polymorphism”, and “XRCC1 or X-ray
repair cross-complementing group 1”. References cited in the retrieved articles were screened
manually to identify additional eligible studies.

STUDY SELECTION: Studies were identified according to the following inclusion criteria:
case-control design was based on unrelated individuals; and genotype frequency was available to
estimate an odds ratio (OR) and 95% confidence interval (Cl). Meta-analysis was performed for the
selected studies after strict screening. Dominant and recessive genetic models were used and the
relationship between homozygous mutant genotype frequencies and mutant gene frequency and
glioma incidence was investigated. We chose the fixed or random effect model according to the
heterogeneity to calculate OR and 95%CI, and sensitivity analyses were conducted. Publication
bias was examined using the inverted funnel plot and the Egger’s test using Stata 12.0 software.
MAIN OUTCOME MEASURES: Association of XRCC1 Arg399GiIn, Arg194Trp, and Arg280His po-
lymorphisms with the risk of glioma, and subgroup analyses were performed according to different
ethnicities of the subjects.
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RESULTS: Twelve articles were included in the meta-analysis. Eleven of the articles were concerned with
the Arg399GIn polymorphism and glioma onset risk. Significantly increased glioma risks were found only in
the dominant model (GIn/GIn + GIn/Arg versus Arg/Arg: OR = 1.26, 95%CI = 1.03-1.54, P = 0.02). In the
subgroup analysis by ethnicity, significantly increased risk was found in Asian subjects in the recessive
(OR = 1.46, 95%CI = 1.04-2.45, P = 0.03) and dominant models (OR = 1.40, 95%CIl = 1.10-1.78, P =
0.007), and homozygote contrast (OR = 1.69, 95%CI = 1.17-2.45, P = 0.005), but not in Caucasian sub-
jects. For association of the Arg194Trp (eight studies) and Arg280His (four studies) polymorphisms with
glioma risk, the meta-analysis did not reveal a significant effect in the allele contrast, the recessive genetic
model, the dominant genetic model, or homozygote contrast.

CONCLUSION: The XRCC1 Arg399GIn polymorphism may be a biomarker of glioma susceptibility, es-
pecially in Asian populations. The Arg194Trp and Arg280His polymorphisms were not associated with

overall glioma risk.
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INTRODUCTION

Malignant glioma is the most common pri-
mary brain tumor in adults™. Astrocytic, oli-
godendroglial and ependymal origins ac-
count for more than 80% of all brain tumors'?.
Glioblastoma is the most frequent (65%) and
malignant histological type®®. The incidence
rates of brain tumors have been rather stable
since the introduction of CT and MRI; what is
more, there is a tendency of higher rates in
more developed and industrialized coun-
tries”. The etiology and pathogenesis of
glioma are still unclear. In humans, the only
confirmed environmental risk factor for brain
tumors is ionizing radiation®*!. Many kinds of
DNA damage, such as oxidative damage to
nucleotide bases, single or double-strand
breaks in DNA chains, and DNA—protein or
DNA-DNA covalent cross-links, may be in-
duced by ionizing radiation, which, however,
only accounts for a minority of brain neop-
lasms. Some reports™?™¥ have indicated that
Caucasians have a higher incidence of brain
tumors than Asian or black populations, but
this finding may reflect socioeconomic dif-
ferences and under-ascertainment in some
regions, rather than differences in genetic
susceptibility. Currently, it is believed that
variability in DNA repair capacity plays an
important role as a modifier of cancer risk™.
Single nucleotide polymorphisms within the
DNA repair genes have been associated with

increased risk of several cancer types™. A
large number of genes in different pathways
are involved in DNA strand repair to maintain
genomic stability™".

X-ray  cross-complementing group 1
(XRCC1) is a DNA repair gene that partici-
pates in the base excision repair pathway.
XRCC1 is located on human chromosome
19¢g13.2 and spans a genetic distance of
32 kb, including of 17 exons that encode a
70-kDa protein®®*® which functions in the
repair of single-strand damage, the most
common lesions in cellular DNA??. Biologi-
cal and biochemical evidence has indicated
a direct role for XRCC1 in base excision
repair®, because it interacts directly with
poly (ADP-ribose) polymerase, DNA poly-
merase-f3, and DNA ligase lll. Eight nonsy-
nonymous coding single nucleotide poly-
morphisms were reported in XRCC1 and
three of them have been investigated widely
because they lead to amino acid changes in
the XRCCL1 protein; namely, the single nuc-
leotide polymorphisms in codon 194 in exon
6 (base C to T; amino acid Arg to Trp), codon
280 in exon 9 (base G to A; amino acid Arg
to His), and codon 399 in exon 10 (base G
to A, amino acid Arg to Gln)##%4,

To date, many studies have been performed

to investigate the association between the
XRCCL1 polymorphisms and risk of cancers
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such as breast cancer®, and gastroesophageal can-
cer? but the number of studies that focused on glioma
is relatively small®”). Evidence regarding the role of the
single nucleotide polymorphisms in XRCC1 as genetic
markers for glioma risk is inconsistent®”*?. The relatively
small sample sizes, weak effects, or low penetrances
that have been used in published studies may be some
of the reasons for the contradictory results. Therefore,
we performed a meta-analysis to identify statistical evi-
dence for the association between the XRCC1
Arg399GIn, Arg194Trp, Arg280His polymorphisms and
glioma risk by examining all the published data.

MATERIALS AND METHODS

Data retrieval

A systematic literature search in PubMed, Embase, the
China National Knowledge Infrastructure database
(www.cnki.net), and the Wanfang database (www.
wanfangdata.com.cn) was performed to identify studies
that evaluated XRCC1 polymorphisms and glioma risk
(search was last updated on August 1, 2012 from Jan-
uary, 2000). The search terms were as follows: “glioma”,
“polymorphism or variant or variation” and “XRCC1 or
X-ray repair cross-complementing group 1”. The lan-
guages of the articles were limited to English and Chi-
nese. References cited in the retrieved articles were
also screened manually to identify additional eligible
studies.

Inclusion and exclusion criteria

Inclusion criteria  were defined as follows: (1)
case-control design was based on unrelated individuals,
and “glioma”, or “glioblastoma”, or “astrocytoma”; (2)
genotype frequency was available for the cases and
controls, and at least one of the three polymorphisms,
Arg399GiIn, Arg194Trp, or Arg280His was studied. Ex-
clusion criteria were: (1) abstracts, reviews, and unpub-
lished reports were not considered; (2) investigations in
subjects with family history or cancer-prone disposition
were excluded; (3) if more than one study by the same
authors using the same case series was published, then
only the most recent or complete study was included.

Data extraction

Two investigators independently extracted the following
terms from all the eligible publications: first author, year
of publication, country of origin and ethnicity of the sub-
jects, characteristics of the cancer cases and controls
(population-based, hospital-based, or mixed controls),
and genotyping information. For studies that included
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subjects from different ethnic groups, the data were ex-
tracted separately and categorized as Caucasian, Asian,
or mixed. Mixed was used when ethnicity information
was insufficient and the ethnic groups could not be de-
termined based on the data presented in the article. The
two investigators examined the terms and, where ne-
cessary, reached a consensus after discussion.

Main outcome measures
Association of the XRCC1 Arg399GIn, Arg194Trp, and
Arg280His polymorphisms with the risk of glioma. Sub-
group analyses were performed according to different
ethnicities of the subjects.

Statistical analysis

For the Arg399GIn and Argl94Trp polymorphisms, we
evaluated risk based on an additive model (399GIn allele
versus 399Arg allele, and 194Trp allele versus 194GlIn),
a dominant model (GIn/GIn + GIn/Arg versus Arg/Arg,
and Trp/Trp + Trp/Arg versus Arg/Arg), a recessive
model (GIn/GIn versus Arg/GIn + Arg/Arg, and Trp/Trp
versus Arg/Trp + Arg/Arg), and homozygote contrast
(GIn/GIn versus Arg/Arg, and Trp/Trp versus Arg/Arg).
For Arg280His, because of rare variant frequency in the
data, we evaluated only the risk of the 280His allele
versus the 280Arg allele, and a dominant model
(His/His + Arg/His versus Arg/Arg).

The association between the XRCC1 polymorphisms
and the risk of glioma was, measured by odds ratio (OR)
and 95% confidence interval (Cl) using the RevMan
(Review Manager) 5.0 software (http://ims.cochrane.org/
revman). The significance of OR was evaluated using a
Z-test and considered statistically significant when P
was < 0.05. Subgroup analyses were performed ac-
cording to the different ethnicities. Heterogeneity among
studies was evaluated using a Q-test®, and P < 0.10
was considered significant. Heterogeneity was calcu-
lated using the I* metric®*, which is independent of the
number of studies used in a meta-analysis®. When
P > 0.10, the pooled OR was calculated by the
fixed-effects model; otherwise, the random-effects model
was adopted. Hardy-Weinberg equilibrium among the
controls for each study was examined using Pearson’s
chi-square test (P < 0.05 was taken to indicate deviation
from Hardy-Weinberg equilibrium). Sensitivity analysis
was carried out by including and excluding studies that
were not in Hardy-Weinberg equilibrium®®. Publication
bias was assessed using Egger’s test and an inverted
funnel plot®. All statistical analyses were performed
using RevMan 5.0 and the Stata 12.0. software (Stata-
Corp LP, College Station, Texas, USA).
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RESULTS

Retrieval results

After an initial search, 45 results were identified and 17
case-control studies were selected for further evaluation.
After reading the full texts of the articles, five studies
were excluded. One study was excluded because the
subjects had a family history or cancer-prone disposi-
tion®, three were excluded because they reported
non-applicable data®*“*¥, and one control study was ex-
cluded because of overlapping or duplicated data™?.
Thus, 12 studies remained for data extraction (Figure 1).
Seven case-control studies were performed using Cau-
casian subjects® % *3 four used Asian subjects!***"],
and one study used mixed subjects!*®.

26 excluded
Reviews, conference
abstracts, not related

gene polymorphism.

45 papers

Potentially relevant 19 articles

» .
papers identified »| considered for

inclusion.

and screened for

retrieval.

2 excluded

Do not match
the type of
research ruled.

12 papers for Case-control | g

study 17.

A

final

meta-analysis.

Non-applicable data 3;
Subjects with family history 1;
Duplicated data 1.

Figure 1 Flow diagram showing the selection process for
the articles used in this study.

General characteristics of included studies

The 12 included studies were all case-control studies.
The characteristics of each case-control study are listed
in Table 1.

Meta-synthesis results

XRCC1 Arg399GIn and glioma

Among the selected articles, there were 3 786 glioma
cases and 6 038 controls for Arg399GIn from 11

studies?’ 32 43454748l The genotype and allele distribu-
tions for each case-control study are shown in Table 2.
GIn399 allele frequencies among the Caucasian and
Asian controls were 35.00% and 30.86%, respectively.
Significant heterogeneity existed between the 11 com-
parisons (I° = 85%, P < 0.001) when considering
Arg399GiIn. There was no evidence that the GIn allele
was associated with glioma cancer risk among the stu-
died populations. The pooled OR was 1.17, 95%CI =
0.98-1.40, by the random-effects model (Z = 1.73, P =
0.08). No significant difference in glioma risk was found in
the recessive model (OR = 1.16, 95%CI = 0.89-1.51, P =
0.28). In the dominant model, however, significant differ-
ences in glioma risk were found (GIn/GIn + GIn/Arg versus
Arg/Arg: OR = 1.26, 95%CI = 1.03-1.54, P = 0.02; Figure
2). Individuals carrying the XRCC1 GIn/GIn genotype did
not show elevated cancer risk compared with individuals
with the Arg/Arg genotype (OR =1.39, 95%CI = 1.00-1.93,
P = 0.05). To study ethnic effects, a subgroup me-
ta-analysis was performed for the Caucasian and Asian
populations. No effect of Gln on susceptibility was ob-
served in the Caucasian subgroups (OR = 1.19, 95%CI =
0.95-1.50, P = 0.13), but GIn increased glioma risk in the
Asian subgroups (OR = 1.34, 95%CI = 1.12-1.60, P =
0.002). Significantly increased risk was also found for
Asian subjects using the recessive (OR = 1.46, 95%CI =
1.04-2.05, P = 0.03) and dominant models (OR = 1.40,
95%Cl = 1.10-1.78, P = 0.007), and homozygote contrast
(OR =1.69, 95%CI = 1.17-2.45, P = 0.005).

XRCC1 Arg194Trp and glioma

Eight of the studies included 3 448 glioma cases and
5 683 controls for Arg194Trp®#%% The genotype and
allele distributions for each study are listed in Table 3.
We analyzed the data using the allele contrast (GIn
versus Arg), recessive and dominant models (Figure 3),
and homozygote contrast (GIn/GIn versus Arg/Arg). The
Trp194 allele frequency of 27.6% in the Asian controls
was significantly higher than the frequency of 6.6% found
in the Caucasian controls. Overall, no significant differ-
ences were found in the glioma patients and controls in
the four comparisons and no significant associations
were found in populations with different ethnicity.

XRCC1 Arg280His and glioma

Four studies®” 3% ** that reported 1 439 glioma cases
and 2 564 controls were included. The genotype and
allele distributions for each study are shown in Table 4.
To date, only four studies investigated the Arg280His po-
lymorphism and cancer risk; therefore, we did not perform
stratification analysis because each subgroup included
only two studies.
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Table 1 Characteristics of the case-control studies included in meta-analysis

First author Year Ethnicity Country SNP studied Case/control Design of experiment
Lugiu Zhou4! 2011 Asian China  Arg399GIn, Arg194Trp, 271/289, 271/289, Hospital-based case-control study
Arg280His 271/289
Xuebin Hu*! 2011 Asian China  Arg399GIn, Arg194Trp, 127/249, 127/247, Hospital-based case-control study
Arg280His 127/249
Li-E Wang'®® 2004 Caucasian USA Arg399GIn 309/342 Hospital-based case-control study
Martha J. Felinil®®! 2007 Caucasian USA Arg399GIn 366/427 Population-based case-control study
Elif Yosunkayal®™” 2010 Caucasian Turkey Arg399GIn 119/180 Hospital-based case-control study
Yanhong Liu®% 2009 Caucasian USA Arg399GIn, Arg194Trp 373/364, 210/365 Population-based case-control study
Preetha Rajaraman®*? 2010 Caucasian USA  Arg399GIn, Argl94Trp,  350/478, 342/468, Hospital-based case-control study
Arg280His 340/466
Anne Kiuru?” 2008 Caucasian Denmark Arg399GIn, Arg194Trp, 699/1 549, 700/  Population-based case-control study
Finland Arg280His 1 556, 701/1 560
Sweden
UK
Roberta McKean-Cowdin!*® 2009 Caucasian USA Arg399GIn, Arg194Trp 1 003/1 971, 962/1 922 Hospital-based case-control study
Yanhong Liut®! 2007  Asian China Arg194Trp 756/736 Hospital-based case-control study
Jianming Liu*” 2011  Asian China Arg399Gin 89/89 Hospital-based case-control study
A.C. Custédio*®! 2011  Mixed Brazii  Arg399GIn, Arg194Trp 80/100, 80/100  Hospital-based case-control study

SNP: Single nucleotide polymorphism.

Table 2 Distribution of the XRCC1 Arg399GIn genotype and allele among patients and controls included in the meta-analysis

Genotype Allele

First author Year Ethnicity Case (n) Control (n) Case [n(%)] Control [n(%)] HWE (P)

Arg/ Arg/ GIn/ Arg/ Arg/ GlIn/

Arg GIn GIn Arg GIn Gin Arg <ty Arg il
Li-E Wang'®® 2004 Caucasian 134 138 37 131 162 49  406(65.7) 212(34.3) 424(62.0) 260(38.0) 0.924
Martha J. Felini®® 2007 Caucasian 158 155 53 180 196 51  471(64.3) 261(35.7) 556(65.1) 298(34.9) 0.832
Elif Yosunkayal®” 2010 Caucasian 15 67 37 91 71 18 97(40.8) 141(59.2) 253(70.3) 107(29.7) 0.454
Yanhong Liut®" 2009 Caucasian 149 224 169 195
Preetha Rajaramani®? 2010 Caucasian 142 164 44 205 201 72 448(64.0) 252(36.0) 611(63.9) 345(36.1) 0.053
Anne Kiuru?” 2008 Caucasian 284 324 91 645 728 176 892(63.8) 506(36.2) 2 036(65.3) 1080(34.7) 0.212
Roberta 2009 Caucasian 397 461 145 844 865 262 1255(62.6) 751(37.4) 2553(64.8) 1389(35.2) 0.088
McKean-Cowdin!*®!
Lugiu Zhou!4! 2011 Asian 121 113 37 147 118 24 355(65.5) 87(34.5) 412(71.3) 166(28.7) 0.963
Xuebin Hu*! 2011 Asian 58 48 21 145 75 29 164(64.6) 90(35.4) 365(73.3) 133(26.7) 0.000
Jianming Liut*" 2011 Asian 23 37 29 28 34 27 83(46.6) 95(53.4)  90(50.6)  88(49.4) 0.026
A.C. Custédio® 2011 mixed 23 33 24 29 20 51 79(49.4) 81(50.6)  78(39.0) 122(61.0) 0.000

HWE: Hardy-Weinberg equilibrium.

Table 3 Distribution of the XRCC1 Arg194Trp genotype and allele among patients and controls included in meta-analysis

Genotype Allele
0, 0,

First author Year Ethnicity Case (n) Control (n) Case [n(%)] Control [n(%)] HWE (P)

Arg/  Arg/ Trp/  Arg/ Arg/ Trp/

Arg Trp Trp Arg Trp  Trp e Gin Arg Trp
Yanhong Liut*! 2009 Caucasian 209 362 3
Preetha 2010 Caucasian 304 38 394 73 1  646(94.4) 38(5.6) 861(92.0) 75(8.0) 0.209
Rajaraman’®?
Anne Kiuruf®” 2008 Caucasian 626 71 1377 177 2 1323(945) 77(55) 2931(94.2) 181(5.8) 0.131
Roberta 2009 Caucasian 842 117 1664 252 6 1801(93.6) 123(6.4) 3580(93.1) 264(6.9) 0.274
McKean-Cowdin!*!
Lugiu zhout4! 2011  Asian 145 112 14 159 117 13  402(74.2) 140(25.8) 435(75.3) 143(24.7) 0.138
Xuebin Hut 2011  Asian 71 38 18 163 62 22  180(70.9) 74(29.1) 388(78.5) 106(21.5) 0.000
Yanhong Liut®! 2007  Asian 371 308 77 357 305 74 1050(69.4) 462(30.6) 1019(69.2) 453(30.8) 0.457
A.C. Custédio® 2011  mixed 15 31 34 67 4 29 61(38.1) 99(61.9) 138(69.0) 62(31.0) 0.000

HWE: Hardy-Weinberg equilibrium.
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Cases Controls Odds Ratio Odds Ratio

Study or Subaroup _Events Total Events Total Weight M.H,Random.95%CI Year M.H, Random, 95%CT
3.1.1 Caucasian
Wang 2004 28 175 308 211 342 10.0% 0.81[0.59,1.11] 2004 —=
Felini 2007 % 208 366 247 427 10.4% 0.96(0.72,1.27] 2007 =
Kiuru 2008 &7 415 599 904 1549 11.9% 1.06[0.88,1.27] 2008 r
Cowdin 2006*1 606 1003 1127 1971 122% 1.14[0.98,1.33] 2009 =
Liuzoos  BY 224 373 195 364 103% 1.30[0.97,1.75] 2009 R
Yosunkaya2010 BO) 104 118 89 180 68%  7.09(3.83,13.11) 2010 SR
Rajaraman 2010 P2 208 350 273 478 105% 1.10(0.83,1.46] 2010 T
Subtotal (95%CI) 3219 5320 71.2% 1.25[0.96, 1.61] >
Total events 1940 3046
Heterogeneity: Tau*= 0.10; Chi*= 4139, df= 6 (P < 0.00001); IF= 86%
Testfor overall effect 7= 1.69 (P = 0.09)
3.1.2 Asian
Zhou 2011 B4 150 271 142 289 97% 1.28(0.92,1.79) 2011 —
Huz2011 @9 69 127 104 249 82% 1.66[1.08,2.55 2011 ==
Liuz2o011  #1 66 89 B 89 55% 1.32(0.69,2.53] 2011 o o
Subtotal (95%CI) 487 627 23.3% 1.40[1.10,1.79] *
Total events 285 307
Heterogeneity: Tau® = 0.00; Chi*= 0.89, df= 2 (P = 0.64); F= 0%
Testfor overall eflect 7= 2.69 (P = 0.007)
3.1.3 Mixed
Custdio 20111 57 80 71 100 55% 1.01[0.53,1.94] 2011 o
Subtotal (95%CI) 80 00 55% 1.01[0.53, 1.94] -
Total events 57 7
Heterageneity: Not applicable
Testfor overall effect 7= 0.04 (P = 0.97)
Total (95%CT) 3786 6047 100.0% 1.26[1.03, 1.54] *
Total events 2262 3424
. e L < r= —
Heterogeneity: Tau® = 0.08; Chi*= 45.16, df= 10 (P < 0.00001); = 78% ) %

Test for overall effect Z= 2.27 (P = 0.02) decrease risk increase risk

Figure 2 Forest plot of overall glioma risk associated with
the XRCC1 Arg399GiIn polymorphism (GIn/GIn + GIn/Arg
versus Arg/Arg) for different ethnicities.

M-H: Mantel-Haenszel.

Cases Control Odds Ratio

s Odds Ratio
Total_Weight M.H,Random, 95%CI _Year

Study or Subgroup _ Events Total Events M-H, Random, 95%CI

3.1.1 Caucasian

Kiury 2008 e 74700 179 1556 155% 0.9110.68,1.21] 2008 -

Cowdin2008 1 420 sz 258 1922 161% 0.92[0.73,116] 2009 -

Rajaraman 2010 &1 @ 32 74 B8 137% 0.67[0.44,1.01] 2010 -

Subtotal (95%CIy 2004 3046  453% 0.87 [0.74, 1.03] *

Total events 32 a11

Heteragenelty: Tau®= 0.00; Ghi*= 188, df = 2 (P = 0.3); F= 0%

Testfor veral effect Z=1.64 (P=0.10)

3.2 Asian

Liu 2007 B8 385 756 373 736 164% 0.98[0.80,1.20] 2007 +

Hu211 B S8 127 84 247 135% 1.53(0.99,237] 2011 ~

Zhou 2011 B4 126 271 130 280 149% 1.08[0.76,1.48] 2011 -

Subtotal (95%CI) 1154 1272 448% 1.10[0.87, 1.38] 4

Total events 567 593

Heterageneity: Tau®= 0.02; Chi*=3.31, df = 2 (P = 0.19); F = 40%

Testfor overall effect Z= 0.80 (P= 0.42)

3.1.3 Mixed

Custddia 2011 #I 6 60 33 100 98%  80[437,17.70] 2011 ey
Subtotal (95%CIy 80 100 9.9% 8.80[4.37, 17.70] -
Total events 65 33

Heterogeneity: Mot applicable

Testfor overall effect Z= 6.10 (P < 0.00001)

Total (95%CT) 3238 5318 100.0% 121[0.87, 1.701 >

Total events 864 137

Heterageneity: Tau®= 0.17; Chi¥ = 45.42, of = 6 (P < 0.000013 F= 87% Y 5

Testfor overall effect 7= 1.14 (F = 0.36) decrease risk mwas:”sk

Figure 3 Forest plot of overall glioma risk associated with
the XRCC1 Arg194Trp polymorphism (Trp/Trp + Trp/Arg
versus Arg/Arg) for different ethnicities.

M-H: Mantel-Haenszel.

We used allele contrast (GIn versus Arg) and the dominant
model (His/His + Arg/His versus Arg/Arg) for the analysis
because His frequency was low (7.9% in the controls).

Neither the 280His allele (OR = 1.05, 95%CI = 0.88-1.25,
P = 0.6) nor His/His + Arg/His (OR = 1.00, 95%CI =
0.82-1.22, P = 0.99) showed evidence of association with
glioma risk (Figure 4).

Heterogeneity and sensitivity analysis

Significant heterogeneity between studies was observed
in some comparisons, and the detailed data are shown in
Table 5.

Random-effects models were used when necessary to
evaluate the combined ORs. Sensitivity analysis was
carried out by the sequential omission of studies that did
not comply with Hardy-Weinberg equilibrium under vari-
ous comparisons in all populations and in the different
ethnicity subgroups. For Arg399GIn, and GIn/GIn +
GIn/Arg versus Arg/Arg, the exclusion of three studies in
which the genotype distributions among the controls
deviated from Hardy-Weinberg equilibrium significantly
influenced the result of the meta-analysis; that is, GIn/GIn
+ GIn/Arg versus Arg/Arg with OR = 1.26, 95%CI

1.03-1.54, P = 0.02 changed to OR = 1.25, 95%CI:
0.99-1.57, P = 0.06 after the exclusion. In the other
comparisons, the significance of pooled ORs was not

influenced by any single study on the population as a
whole or on subgroups.

We investigated the XRCC1 Arg194Trp and Arg280His
polymorphisms using the same method, and found that
none of the pooled results was significantly affected by
addition or removal of any individual study that deviated
from Hardy-Weinberg equilibrium.

Publication bias

We performed a Begg’s funnel plot and Egger’s test to
assess publication bias of all included studies. Publica-
tion bias for Arg399GIn was detected under the dominant
model; however, the shape of the funnel plot seemed
symmetrical, indicating that there was no obvious publi-
cation bias (Figure 5).

Table 4 Distribution of the XRCC1 Arg280His genotype and allele among patients and controls included in meta-analysis
Genotype Allele
0, 0,

First author Year  Ethnicity Case (n) Control (n) Case [n(%)] Control [n(%)] HWE (P)

Arg/  Arg/ His/ Arg/ Arg/ His/ . .

Arg His His Arg His His Arg His Arg His
Preetha Rajaraman®® 2010 Caucasian 312 28 0 417 48 1 652(95.9) 28(4.1) 882(94.6) 50(5.4) 0.756
Anne Kiuruf®” 2008 Caucasian 633 67 1 1399 157 4 1333(95.1) 69(4.9) 2955(94.7) 165(5.3) 0.854
Lu-giu zhout*! 2011  Asian 218 45 8 240 44 5 481(88.7) 61(11.3) 524(90.7) 54(9.3) 0.085
Xuebin Hu*! 2011  Asian 72 28 27 153 58 38 172(67.7) 82(32.3) 364(73.1) 134(26.9) 0.000
HWE: Hardy-Weinberg equilibrium.

2473



Gu XQ, et al. / Neural Regeneration Research. 2013;8(26):2468-2477.

Cases Contrals Ods Ratio Oulls Ratio
Stuty or Subgroup _Events Total Events Total Weight M-H, Fixed 95%CI Year M-H, Fixed, 95%CT
2.1.1 Caucasian
Kiuru 2008 B71 68 701 161 1560 444%  0.93[069,1.26] 2008 —a
Rajataran 2010 B2 28 340 49 466 187%  076[0D47,1.24] 2010 —
Subtotal (95%CI) 1041 2026 63.1%  0.88[0.68, 1.14] -
Total events B 210
Heterogeneity. Chi*= 0,47, df=1 (P = 0.49); *=0%
Testfor overall effect 7= 0.96 (P = 0.34)
212 Asian
Zhou 2011 B4 53 271 49 280 188%  1.09[077,1.83 2011 T
Huzo11 1 55 127 96 249 181%  122[0.79,1.88] 2011 -
Subtotal (95%CI) 398 538 36.9%  120[0.89,163] >
Total events 108 145
Heterogeneiy Ghit= 0.01, i =1 (P = 0.94); = 0%
Testfor averall effect Z=1.19 (P = 0.23)
Total (95%CT) 1439 2564 100.0%  1.00[0.82,1.22] *
Total events 204 385
e 3= == b1
Heterogeneity Chi*= 2.80, 4= 3 (P = 0.42); F=0% biee o PR

Test for overall effect Z=0.02 (P = 0.93) decrease risk increase risk

Figure 4 Forest plot of overall glioma risk associated with
the XRCC1 Arg280His polymorphism (His/His + Arg/His
versus Arg/Arg) for different ethnicities.

M-H: Mantel-Haenszel.

Egger’s test provided further statistical evidence that
there was no significant publication bias in the meta-
analysis (Egger’s test: GIn/GIn + GIn/Arg versus Arg/Arg:
t = 1.50, P = 0.167; GIn versus Arg: t = 0.75, P = 0.474;
Trp versus Arg: t = 1.17, P = 0.295; and His versus Arg:
t=-0.33, P =0.776).

DISCUSSION

DNA damage repair plays a major role in protecting ge-
nomes from assaults of various oncogenic mutations as
the result of premutational DNA damage™®. Base exci-
sion repair is an important pathway of damage repair.
DNA damage generated by different carcinogenic agents
can be repaired primarily through the base excision re-
pair pathway, which is composed of many DNA repair
genes. Human XRCC1 is an important component of the
base excision repair pathway that fixes base damage
and DNA single-strand breaks caused by ionizing radia-
tion exposure®®. XRCC1 constitutes one of the compo-
nents in the base excision repair pathway®”. XRCC1 was
found to have no catalytic activity; rather, it acts as a
physical scaffold by associating with DNA ligase Ill, DNA
polymerase B, human apurinic/apyrimidinic endonuc-
lease, polynucleotide kinase, and poly adenosine di-
phosphate ribose polymerase® 2,

Polymorphisms in the XRCC1 gene have been reported to
be associated with altered risk of several types of cancer.

Table 5 XRCC1 polymorphisms and associated risk of glioma with the main ORs in meta-analysis
Contrast Ethnicity OR (95%Cl) P for heterogeneity 1%(%) Analysis model P for Z-test
Arg399GIn
GlIn versus Arg All 1.17(0.98,1.40) 0.000 85 Random 0.08
Caucasian  1.19(0.95,1.50) 0.000 90 Random 0.13
Asian 1.34(1.12,1.60) 0.63 0 Fixed 0.002
GIn/GIn versus Arg/GIn + Arg/Arg All 1.16(0.89,1.51) 0.000 74 Random 0.28
Caucasian  1.20(0.89,1.63) 0.0008 76 Random 0.23
Asian 1.46(1.04,2.05) 0.56 0 Fixed 0.03
GIn/GIn + GIn/Arg versus Arg/Arg All 1.26(1.03,1.54) 0.000 78 Random 0.02
Caucasian  1.25(0.96,1.61) 0 86 Random 0.09
Asian 1.40(1.10,1.79) 0.64 0 Fixed 0.007
GIn/GIn versus Arg/Arg All 1.39(1.00,1.93) 0.000 80 Random 0.05
Caucasian  1.45(0.93,2.26) 0.000 87 Random 0.10
Asian 1.69(1.17,2.45) 0.75 0 Fixed 0.005
Arg194Trp
Trp versus Arg All 1.16(0.88,1.52) 0.000 86 Random 0.29
Caucasian  0.89(0.76,1.04) 0.35 4 Fixed 0.13
Asian 1.12(0.90,1.39) 0.1 57 Random 0.32
Trp/Trp versus Arg/Arg + Arg/Trp All 1.22(0.95,1.55) 0.57 0 Fixed 0.12
Caucasian 1.15(0.47,283) 0.55 0 Fixed 0.76
Asian 1.13(0.85,1.49) 0.41 0 Fixed 0.4
Mixed
Trp/Trp + Trp/Arg versus Arg/Arg All 1.21(0.87,1.70) 0.000 87 Random 0.26
Caucasian  0.87(0.74,1.03) 0.39 0 Fixed 0.10
Asian 1.06(0.90,1.24) 0.19 40 Fixed 0.49
Trp/Trp versus Arg/Arg All 1.68(0.94,3.00) 0.006 67 Random 0.08
Caucasian 1.32(0.49,355) 0.44 0 Fixed 0.59
Asian 1.14(0.86,1.53) 0.27 23 Fixed 0.36
Arg280His
His versus Arg All 1.05(0.88,1.25) 0.19 37 Fixed 0.6
His/His + Arg/His versus Arg/Arg All 1.00(0.82,1.22) 0.42 0 Fixed 0.99
Random: Random-effect model; Fixed: fixed-effect model; OR: odd ratio; Cl: confidence interval.
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Figure 5 Publication bias for XRCC1 Arg399GIn under the
dominant model (GIn/GIn + GIn/Arg versus Arg/Arg)
detected by Begg’s Funnel plot analysis.

SE: Standard error of mean.

While the XRCC1 399GIn (G) allele was found to be a
risk factor for breast® and rectal cancers®™, the Arg/GIn
(AG) genotype was found to be protective against leu-
kemia, multiple myeloma, head and neck carcinoma’®,
and the GIn/GIn (GG) genotype was protective against
sporadic breast cancer™.

However, the association between the XRCC1 polymor-
phisms and glioma risk has been investigated only in the
past five years and the number of studies is relatively rare,
and the results have been inconsistent. Five different stu-
dies concluded that XRCC1 polymorphisms lack any as-
sociation with glioma risk?>* 33 while a study in 2009
found the opposite result™. Thus, we performed a meta-
analysis to comprehensively analyze the associations. We
evaluated the association between the XRCC1 polymor-
phisms Arg399GIn, Arg194Trp and Arg280His and risk of
glioma based on 12 case-control studies. For the
Arg399GIn polymorphism, an overall effect was found in
the dominant model (GIn/GIn + GIn/Arg versus Arg/Arg),
which is inconsistent with the findings of Wang et al ?,
Felini et al ®, and Kiuru et al #".

For the association of the Arg194Trp and Arg280His po-
lymorphisms and glioma risk, the meta-analysis did not
reveal a significant effect in allele contrast, the recessive
genetic model, the dominant genetic model, or homozy-
gote contrast. These findings suggest that the XRCC1
Arg194Trp polymorphism, rather than the Arg280His and
Arg399GIn polymorphisms, may play a role in susceptibil-
ity to cancers®’. Although the association of the XRCC1
Arg194Trp and Arg280His polymorphisms with the inci-
dence of glioma has not yet been clearly defined, these
polymorphisms may have an effect on drug sensitivity and
radiosensitivity.

GIn399 allele frequency rates in the Caucasian and
Asian controls were 35% and 30.86%, respectively. The
Trpl94 allele frequency was 27.6% in Asian controls,
which was significantly higher than the 6.6% frequency in
the Caucasian controls. These frequency rates were
similar to the rates reported in a previous me-
ta-analysis®”. For GIn399, in European and Asian con-
trols, the frequency rates were 34.7% (95%CIl =
33.8-35.6) and 26.5% (95%CI = 25.6—-27.4), respectively.
For Trp194, the frequency rates in Caucasian and Asian
controls were 6.6% (95%CI = 5.9-7.4) and 31.2%
(95%CI = 29.6-32.8), respectively. This result showed
that the distribution of these alleles varied among the
different ethnic subgroups, and indicated that a subgroup
analysis based on ethnicity should be performed. We
found that GIn399 increased glioma risk in Asian popula-
tions, OR = 1.34, 95%CI = 1.12-1.60, P = 0.002. Signif-
icantly increased risk was also found in the Asian sub-
jects in the recessive model (OR = 1.46, 95%CI =
1.04-2.45), the dominant model (OR = 1.40, 95%CI
=1.10-1.79), and homozygote contrast (OR = 1.69,
95%CI = 1.17-2.45). However, the genotype distribu-
tions among the controls in the studies by Hu et al “* and
Liu et al ® were not in Hardy-Weinberg equilibrium,
probably because of the small sample size that was used.
Because only a few studies examined the association
between polymorphisms and glioma risk in Asian sub-
jects, and the OR was not altered substantially when the
subgroup in Hardy-Weinberg equilibrium was pooled, we
included these two studies®" “*! in our analysis.

Nevertheless, final conclusions cannot be drawn by
studying only the genotype distribution in the healthy
controls. Other factors, such as ionizing radiation and
genetic background, should be considered, and further
studies in Asian populations with larger sample sizes are
still needed.

There were some limitations in this meta-analysis. First,
significant heterogeneity between studies was observed in
some of the comparisons, mainly because of the limited
sample size, variability among populations, and variations
in the genotyping methods and experimental designs.
Second, nine of the 12 selected studies were hospit-
al-based and only three were population-based. Although
the subjects were collected randomly from the general
population, there is still some risk of selection bias. The
genotype distributions of the controls in three of the stu-
dies deviated from Hardy-Weinberg equilibrium®® #1,
Third, only data published in the selected databases
were included. It is possible that some relevant unpub-
lished or published studies that reported invalid results
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were missed, causing our results to contain some inac-
curacies. Fourth, the ethnicity data were not stratified by
other factors such as pathological grade and ionizing
radiation exposure, because sufficient information could
not be extracted from the limited number of original stu-
dies. Despite these limitations, we chose the fixed or
random effect model according to the heterogeneity, and

performed subgroup analysis to reduce the heterogeneity.

At the same time, sensitivity and publication bias were
investigated.

In conclusion, our results suggest that the XRCC1
Arg399GIn polymorphism is associated with increased
risk of glioma, especially in Asian populations. The
Arg194Trp and Arg280His polymorphisms lack associa-
tion with glioma risk in the common population. More
well-designed studies with larger sample sizes are
needed to fully analyze the associations of XRCC1 po-
lymorphisms with glioma risk, which may reveal the
combined effects of related DNA repair gene
polymorphisms.
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