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ABSTRACT
Glioma is the most common type of primary brain tumors in adults. Previous evidence indicates that the X‐ray repair cross‐complementing
group 1 gene (XRCC1) is an important candidate gene which influencing the pathogenesis of glioma. This study aims to assess the potential
associations between glioma risks and genetic polymorphisms of XRCC1 gene. A total of 1,286 Chinese Han ethnic subjects consisting of 638
glioma patients and 648 controls were recruited in this case‐control study. The genotyping of XRCC1 genetic polymorphisms (c.482C>T,
c.1161G>A, and c.1804C>A) were conducted using the polymerase chain reaction‐restriction fragment length polymorphism (PCR‐RFLP),
created restriction site‐PCR (CRS‐PCR) and DNA sequencing methods. Our data indicated that the allelic and genotypic frequencies of these
genetic polymorphisms in glioma patients were significantly different from those of controls. We detected that the alleles/genotypes were
statistically associated with the increased risks of glioma (for c.482C>T, TT versus (vs.) CC: OR¼ 2.24, 95% CI¼ 1.48–3.39, P< 0.001; T vs. C:
OR¼ 1.30, 95% CI¼ 1.09–1.53, P¼ 0.003; for c.1161G>A, AA vs. GG: OR¼ 1.62, 95% CI¼ 1.11–2.35, P¼ 0.012; A vs. G: OR¼ 1.19, 95%
CI¼ 1.01–1.41, P¼ 0.040; for c.1804C>A, AA vs. CC: OR¼ 2.12, 95% CI¼ 1.45–3.11, P< 0.001; A vs. C: OR¼ 1.32, 95% CI¼ 1.12–1.56,
P¼ 0.001). Our findings suggest that these genetic polymorphisms of XRCC1 gene may influence glioma risks in Chinese Han ethnic subjects,
and might be potential molecular markers for evaluating glioma risks. J. Cell. Biochem. 115: 1122–1127, 2014. � 2013 Wiley Periodicals, Inc.
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Glioma is the most common type of primary brain tumors in
adults, and accounts for approximately 70% of adult

malignant brain tumors [Wen and Kesari, 2008; Ricard et al., 2012;
Wei et al., 2013]. To date, the exact mechanism of the etiology of
glioma still remains unclear and the cause of glioma has been poorly
understood [Ohgaki and Kleihues, 2005; Schwartzbaum et al., 2006;
Wen and Kesari, 2008; Ricard et al., 2012; Tewari et al., 2012]. It has
been accepted that genetic factors may play key roles in the
development of glioma [Liu et al., 2009; Melin, 2011; Zhang
et al., 2012; Jin et al., 2013]. The X‐ray repair cross‐complementing
group 1 gene (XRCC1), which locates at chromosome 19q13.2‐13.3,
comprising 17 exons and expressing a 70‐kDa protein, encodes an
enzyme involved in the base excision repair (BER) pathway
[Tudek, 2007; Mutamba et al., 2011; Zhang et al., 2012]. XRCC1 is
considered as one of the most important candidate genes for
influencing the pathogenesis of glioma. [Wang et al., 2004;
Kiuru et al., 2008; Liu et al., 2009; Yosunkaya et al., 2010;
Zhou et al., 2011; Zhang et al., 2012; Jiang et al., 2013; Jin

et al., 2013; Li et al., 2013; Luo et al., 2013; Wei et al., 2013]. Genetic
polymorphisms of XRCC1 gene have been shown to alter the
efficiency of DNA repair process and to modify the risks of glioma
[Wang et al., 2004, 2012; Felini et al., 2007; Kiuru et al., 2008; Liu
et al., 2009, 2012; Rajaraman et al., 2010; Yosunkaya et al., 2010; Hu
et al., 2011;Melin, 2011; Zhou et al., 2011; Jacobs and Bracken, 2012;
Sun et al., 2012; Zhang et al., 2012; Jiang et al., 2013; Li et al., 2013;
Luo et al., 2013; Pan et al., 2013; Wei et al., 2013]. Previous studies
reported several single nucleotide polymorphisms (SNPs) in XRCC1
gene, such as arginine (Arg)194 tryptophan (Trp), Arg280 histidine
(His), threonine (Thr) 304 alanine (Ala), Arg399 glutanine (Gln),
and serine (Ser) 593Arg, were associated with the risks of glioma
[Kiuru et al., 2008; Liu et al., 2009, 2012; Rajaraman et al., 2010;
Yosunkaya et al., 2010; Hu et al., 2011; Zhou et al., 2011; Sun
et al., 2012; Wang et al., 2012; Jiang et al., 2013; Li et al., 2013; Luo
et al., 2013; Pan et al., 2013; Wei et al., 2013]. However, up to date, no
similar studies have been done to investigate the potential
associations between c.482C>T, c.1161G>A, and c.1804C>Agenetic
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polymorphisms of XRCC1 gene and the risks of glioma. Recently,
Deng et al., reported that the c.1161G>A genetic polymorphism was
statistically associated with the increased risk of hepatocellular
carcinoma in Chinese Han population (AA versus (vs.) GG: OR¼ 2.36,
95% CI¼ 1.63–3.40, P< 0.001; A vs. G: OR¼ 1.48, 95% CI¼ 1.26–
1.75, P< 0.001) [Deng et al., 2013]. Qiao et al., demonstrated that the
c.1804C>A genetic variants was potentially related to gastric cancer
susceptibility in Chinese Han population [Qiao et al., 2013]. Consid-
ering the important role of XRCC1 on the development of glioma, we
suspect that the presence of these genetic variants of XRCC1 gene
might increase the risks of glioma. Therefore, we conduct a case‐
control study to evaluate the potential associations of c.482C>T,
c.1161G>A, and c.1804C>A genetic polymorphisms of XRCC1 gene
with the risks of glioma.

MATERIALS AND METHODS

STUDY SUBJECTS
Patients with glioma (males¼ 362, females¼ 276) diagnosed and
histologically confirmed by the doctors were recruited from the
General Hospital of Chinese People0s Armed Police Forces. Controls
(males¼ 398, females¼ 250) were randomly selected from health
volunteers who requested general examinations during the same
period at the same hospital. Controls were frequency‐matched with
patients in gender and age. All of subjects enrolled in this case‐
control study were genetically unrelated Chinese Han ethnic, and
lived in Beijing. The general characteristics are summarized from
structured questionnaires through face‐to‐face interviewing by
doctors, including age, gender, alcohol drinking, tobacco smoking,
ionizing radiation (IR) exposure history, family history of cancer, and
histology types (Table I). Approval to conduct the study was granted

by the Ethics Committees of the General Hospital of Chinese People0s
Armed Police Forces. The written informed consent forms were
obtained from all the participants.

PROCESSING OF BLOOD SAMPLES AND GENOTYPING
The whole blood samples (2–5ml) were collected from all the
participants. The genomic DNAwas extracted using the Qiagen Blood
Kit (Qiagen, Chatsworth, CA). The specific polymerase chain reaction
(PCR) primers were designed using Primer Premier 5.0 software
(Premier Biosoft International, Palo Alto, CA). The primers sequences,
PCR amplification region and fragment sizes, and annealing
temperature are given in Table II. The PCR amplifications were
carried out in a reaction volume of 20ml consisted of 50 ng mixed
DNA template, 10 pM of each primer, 0.20mM dNTP, 2.5mM MgCl2
and 0.5 U Taq DNA polymerase (TaKaRa, Dalian, China). The PCR
conditions consisted of 94°C for 6min, then followed by 32 cycles of
94°C for 32 s, annealing at the corresponding temperature (shown in
Table II) for 32 s and 72°C for 32 s, and a final extension at 72°C for
6min. The genotyping of XRCC1 genetic polymorphisms was
conducted using the PCR‐restriction fragment length polymorphism
(PCR‐RFLP) and created restriction site‐PCR (CRS‐PCR) method with
one of the primers containing a nucleotide mismatch, which enables
the use of restriction enzymes for discriminating sequence variations
[Haliassos et al., 1989; Zhao et al., 2003; Yuan et al., 2012, 2013a,b].
The PCR products (5ml) were digested with 2 units corresponding
restriction enzymes (MBI Fermentas, St. Leon‐Rot, Germany, Table II)
at 37°C for 10 h following the supplier0s manual. The digested PCR
products were electrophoresed on 2.0% agarose gel containing
ethidium‐bromide and observed the different genotypes under the UV
light. For quality control, 10% of random amplified PCR products
were genotyped by directly DNA sequencing (ABI3730xl DNA

TABLE I. The General Characteristics of Cases and Controls

Characteristics Cases (n) Controls (n) x2‐value P‐values

Number 638 49.61 648 50.39
Gender (n) 2.9128 0.0879
Male 362 56.74 398 61.42
Female 276 43.26 250 38.58

Age (years) 1.2945 0.2552
Mean� SD 52.98� 14.15 53.52� 13.73
<45 247 38.71 231 35.65
�45 391 61.29 417 64.35

Alcohol drinking 3.3110 0.0688
Ever 293 45.92 265 40.90
Never 345 54.08 383 59.10

Tobacco smoking 2.3239 0.1274
Ever 351 55.02 329 50.77
Never 287 44.98 319 49.23

Family history of cancer (n) 9.9021 0.0017
Ever 98 15.36 62 9.57
Never 540 84.64 586 90.43

IR exposure history 5.3309 0.0210
Never 595 93.26 623 96.14
Ever 43 6.74 25 3.86

Histology typesa

High‐grade glioma 293 45.92 —

Low‐grade glioma 345 54.08 —

Note: SD, standard deviation; IR, ionizing radiation.
aHigh‐grade glioma (glioblastoma), low‐grade glioma (astrocytoma, oligodendroglioma, mixed glioma, and other low‐grade glioma).
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Analyzer, Applied Biosystems, Foster City, CA) to confirm the
genotyping results from PCR‐RFLP and CRS‐PCR methods.

STATISTICAL ANALYSIS
Statistical analyses were analyzed using the Statistical Package for
Social Sciences statistical software release 16.0 (SPSS Windows
version16.0; SPSS, Inc., Chicago, IL). Categorical variables were
shown as frequencies and percentages, while continuous variables
were expressed as mean� standard deviation (SD). Differences in
demographic characteristics, risk factors and frequencies of alleles
and genotypes were compared between cases and controls by the chi‐
square (x2) test. The Hardy–Weinberg equilibrium (HWE) was
determined for compatibility between glioma patients and controls
using the chi‐square (x2) test. Unconditional logistic regression was
used to evaluate the odds ratios (ORs) and 95% confidence intervals
(CIs) for each genetic polymorphism. The potential associations of
XRCC1 genetic polymorphisms with glioma were estimated by
calculating the ORs and their 95% CIs using the chi‐square (x2) test.
All comparisons were two‐sided, and P‐values less than 0.05 were
regarded as statistically significant level.

RESULTS

CHARACTERISTICS OF STUDY SUBJECTS
In this case‐control study, a total of 1,286 Chinese Han ethnic subjects
consisted of 638 glioma patients and 648 controls were enrolled.
Table I shows the distributions of general characteristics and potential
risk factors among glioma patients and controls. The mean age was
52.98� 14.15 years among glioma patients and 53.52� 13.73 years
among controls. There were no statistically significant differences in
the gender, age, alcohol drinking, and tobacco smoking distribution
between glioma patients and controls (P¼ 0.0879, 0.2552, 0.0688,
and 0.1274, respectively). Individuals who have higher IR exposure
were more likely to have higher risks of glioma (P¼ 0.0210).
Similarly, individuals who have more family history of cancer were
more likely to have higher risks of glioma than controls (15.36% vs.
9.57%, P¼ 0.0017). Of all the glioma patients, 45.92% were high‐
grade glioma.

IDENTIFICATION OF XRCC1 GENETIC POLYMORPHISMS
Through the CRS‐PCR and DNA sequencing methods, the
genotyping of c.482C>T and c.1804C>A genetic polymorphisms
of XRCC1 gene were identified. The c.1161G>A genetic polymor-
phism of XRCC1 gene were determined by the PCR‐RFLP and DNA
sequencing methods. According to the results from DNA sequence
analyses which based on the human XRCC1 gene DNA, mRNA and
protein sequences (GenBank IDs: NC_000019.9, NM_006297.2, and
NP_006288.2), the c.482C>T genetic variant is a non‐synonymous
mutation which corresponding to the C! T mutations and proline
(Pro) to leucine (Leu) amino acid replacement (p.Pro161Leu) in the
exon5 of XRCC1 gene. The c.1161G>A genetic variant is a
synonymous mutation which caused by G!A mutations (p.
Leu387Leu) in exon10 of human XRCC1 gene. As for the
c.1804C>A genetic variant, it is a non‐synonymous mutation
which caused by C!A mutations and led to the Pro to threonine
(Thr) amino acid replacement (p.Pro602Thr) in the exon17 of
human XRCC1 gene. The amplified PCR products of c.482C>T were
digested with AciI restriction enzyme and divided into three
genotypes, CC (195 and 18 bp), CT (213, 195, and 18 bp) and TT
(213 bp). As for c.1161G>A, the amplified PCR products were
digested with MaeI restriction enzyme, and three genotypes
were found, GG (210 bp), GA (210, 184, and 26 bp), and AA (184
and 26 bp). As for c.1804C>A, the amplified PCR products were
digested with MaeII restriction enzyme, and three genotypes were
detected, CC (207 bp), CA (207, 190, and 17 bp), and AA (190 and
17 bp).

ALLELIC AND GENOTYPIC FREQUENCIES OF XRCC1 GENETIC
POLYMORPHISMS
Table III shows the allelic and genotypic frequencies of XRCC1
genetic polymorphisms in glioma patients and controls. Our data
indicated that the allelic and genotypic frequencies of c.482C>T,
c.1161G>A, and c.1804C>A genetic polymorphisms of XRCC1
gene in glioma patients were significantly different from those
of controls (All P‐values< 0.05, Table III). The distributions of
these three genetic polymorphisms were consistent with the HWE
among the glioma patients and controls (all P‐values> 0.05,
Table III).

TABLE II. The PCR Analysis for SNPs of XRCC1 Gene

SNPs Primer sequences
Annealing

temperature (°C)
PCR amplification
fragment (bp) Region

Genotyping
methods

Restriction
enzyme Genotype (bp)

c.482C>T 50‐CAAAGATGAGGCAGAGGCCG‐30 63.5 213 Exon5 CRS‐PCR AciI CC: 195, 18
50‐CTGAAGAAGAGAGCCCCCGG‐30 CT: 213, 195, 18

TT: 213
c.1161G>A 50‐CCGCATCGTGCGTAAGGAGT‐3 63.7 210 Exon10 PCR‐RFLP MaeI GG: 210

50‐CTGCCCCGCTCCTCTCAGTAG‐30 GA: 210, 184, 26
AA: 184, 26

c.1804C>A 50‐GACAATATGAGTGACCGGGTTCAG‐30 64.3 207 Exon17 CRS‐PCR MaeII CC: 207
50‐CGAACGAATGCCAGGGACG‐30 CA: 207, 190, 17

AA: 190, 17

Note: SNPs, single nucleotide polymorphisms; PCR, polymerase chain reaction; PCR‐RFLP, PCR‐restriction fragment length polymorphism; CRS‐PCR, created restriction
site‐PCR.
Underlined nucleotides mark nucleotide mismatches enabling the use of the selected restriction enzymes for discriminating sequence variations at CRS‐PCR analysis.
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GLIOMA RISKS ASSOCIATE WITH GENETIC POLYMORPHISMS OF
XRCC1 GENE
Table IV summarizes the association between the risks of glioma and
XRCC1 genetic polymorphisms. Our data indicated that the
c.482C>T genetic polymorphism was significantly associated with
the increased risks of glioma in the homozygote comparison (TT vs.
CC: OR¼ 2.24, 95% CI¼ 1.48–3.39, x2¼ 14.92, P< 0.001), recessive
model (TT vs. CT/CC: OR¼ 2.18, 95% CI¼ 1.46–3.25, x2¼ 14.97,
P< 0.001) and allele contrast (T vs. C: OR¼ 1.30, 95% CI¼ 1.09–
1.53, x2¼ 9.04, P¼ 0.003, Table IV). As for c.1161G>A genetic
polymorphism, there were significantly increased susceptibility to

glioma in the homozygote comparison (AA vs. GG: OR¼ 1.62, 95%
CI 1.11–2.35, x2¼ 6.30, P¼ 0.012), recessive model (AA vs. GA/GG:
OR¼ 1.59, 95% CI¼ 1.11–2.28, x2¼ 6.43, P¼ 0.011) and allele
contrast (A vs. G: OR¼ 1.19, 95% CI¼ 1.01–1.41, x2¼ 4.22,
P¼ 0.040, Table IV). As for c.1804C>A genetic polymorphism,
significantly increased risks of glioma were detected in the
homozygote comparison (AA vs. CC: OR¼ 2.12, 95% CI¼ 1.45–
3.11, x2¼ 15.13, P< 0.001), recessive model (AA vs. CA/CC:
OR¼ 2.03, 95% CI¼ 1.41–2.93, x2¼ 14.79, P< 0.001) and allele
contrast (A vs. C: OR¼ 1.32, 95% CI¼ 1.12–1.56, x2¼ 10.74,
P¼ 0.001, Table IV).

TABLE III. The Genotypic and Allelic Frequencies of XRCC1 Genetic Polymorphisms in Glioma Cases and Controls

SNPs

Groups

Genotypic frequencies (%) Allelic frequencies (%)

x2‐value P‐valuec.482C>T CC CT TT C T

Cases (n¼ 638) 295 (46.24) 265 (41.54) 78 (12.23) 855 (67.01) 421 (32.99) 2.3433 0.3098
Controls (n¼ 648) 330 (50.92) 279 (43.06) 39 (6.02) 939 (72.45) 357 (27.55) 4.0071 0.1349

Total (n¼ 1286) 625 (48.60) 544 (42.30) 117 (9.10) 1794 (69.75) 778 (30.25) 0.0078 0.9961
x2¼ 15.2435, P¼ 0.0005 x2¼ 9.0429, P¼ 0.0026

SNPs

Groups

Genotypic frequencies (%) Allelic frequencies (%)

x2‐value P‐valuec.1161G>A GG GA AA G A

Cases (n¼ 638) 301 (47.18) 255 (39.97) 82 (12.85) 857 (67.16) 419 (32.84) 5.6204 0.0602
Controls (n¼ 648) 326 (50.31) 267 (41.20) 55 (8.49) 919 (70.91) 377 (29.09) 0.0010 0.9995

Total (n¼ 1286) 627 (48.76) 522 (40.59) 137 (10.65) 1776 (69.05) 796 (30.95) 3.2540 0.1965
x2¼ 6.5165, P¼ 0.0385 x2¼ 4.2252, P¼ 0.0398

SNPs

Groups

Genotypic frequencies (%) Allelic frequencies (%)

x2‐value P‐valuec.1804C>A CC CA AA C A

Cases (n¼ 638) 277 (43.35) 271 (42.41) 91 (14.24) 825 (64.55) 453 (35.45) 3.4315 0.1798
Controls (n¼ 648) 316 (48.77) 283 (43.67) 49 (7.56) 915 (70.60) 381 (29.40) 1.7570 0.4154

Total (n¼ 1286) 593 (48.77) 554 (43.04) 140 (10.88) 1740 (67.60) 834 (32.40) 0.3870 0.8241
x2¼ 15.3627, P¼ 0.000 x2¼ 10.7457, P¼ 0.0010

TABLE IV. The Association of Glioma Risks With SNPs of XRCC1 Gene

SNPs Comparisons

Test of association

OR (95% CI) x2‐value P‐value

c.482C>T Homozygote comparison (TT vs. CC) 2.24 (1.48–3.39) 14.92 <0.001
Heterozygote comparison (CT vs. CC) 1.06 (0.84–1.34) 0.27 0.606
Dominant model (TT/CT vs. CC) 1.21 (0.97–1.50) 2.83 0.093
Recessive model (TT vs. CT/CC) 2.18 (1.46–3.25) 14.97 <0.001
Allele contrast (T vs. C) 1.30 (1.09–1.53) 9.04 0.003

c.1161G>A Homozygote comparison (AA vs. GG) 1.62 (1.11–2.35) 6.30 0.012
Heterozygote comparison (GA vs. GG) 1.03 (0.82–1.31) 0.08 0.776
Dominant model (AA/GA vs. GG) 1.13 (0.91–1.41) 1.26 0.262
Recessive model (AA vs. GA/GG) 1.59 (1.11–2.28) 6.43 0.011
Allele contrast (A vs. G) 1.19 (1.01–1.41) 4.22 0.040

c.1804C>A Homozygote comparison(AA vs. CC) 2.12 (1.45–3.11) 15.13 <0.001
Heterozygote comparison (CA vs. CC) 1.09 (0.87–1.38) 0.56 0.455
Dominant model (AA/CA vs. CC) 1.24 (1.00–1.55) 3.80 0.051
Recessive model (AA vs. CA/CC) 2.03 (1.41–2.93) 14.79 <0.001
Allele contrast (A vs. C) 1.32 (1.12–1.56) 10.74 0.001

Note: SNPs, single nucleotide polymorphisms; OR, odds ratio; CI, confidence interval.
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DISCUSSION

Glioma is a common brain cancer and causes a heavy health burden in
adults globally. Many emergence reports demonstrate that glioma is a
common complex and multi‐factorial disorder, which causing by
complex interactions between genetic and environmental factors
[Kiuru et al., 2008], while genetic factors play crucial roles in the
pathogenesis of glioma. In recently years, the humanXRCC1 gene has
been considered as a candidate gene for evaluating the genetic risks of
glioma. However, these observations still remain conflicting rather
than conclusive. Luo et al. [2013] observed that XRCC1 399G/G and
XRCC1 194 T/T were associated with a higher risk of glioma when
compared with the wild‐type genotype (OR¼ 2.02, 95% CI¼ 1.17–
3.46 and OR¼ 2.15, 95% CI¼ 1.09–4.22). Liu et al. [2009] found that
XRCC1 Arg399Gln had significant increased risk effects on glioma
when compared with wild‐type homozygote carriers (adjusted
OR¼ 1.43; 95% CI¼ 1.05–1.92). Liu et al. [2012] revealed that the
XRCC1 Arg194Trp genotype TT conferred elevated risk for glioma
(adjusted ORs¼ 2.66, 95% CI¼ 1.48–4.88). Wang et al. [2012]
suggested that the XRCC1 Arg399Gln variant (allele A) carriers were
associated with an increased glioma risk compared to the wild‐type
(allele G) homozygous carriers (OR¼ 1.40, 95% CI¼ 1.12–1.76) in a
Han population. Pan et al. [2013] demonstrated that the XRCC1
Arg194Trp genotype TT was associated with a lower risk of glioma
when compared with the wild genotype CC (OR¼ 2.45, 95%
CI¼ 1.43–4.45), and individuals carrying the allele A of XRCC1
Arg399Gln had an increased risk of glioma (OR¼ 1.33, 95%
CI¼ 1.02–1.64). Hu et al. detected that the Trp/Trp and Arg/Trp
genotypes of XRCC1 Arg194Trp were associated with a 2.12‐ and
1.46‐fold increased risk of glioma compared to the Arg/Arg wild
genotype. The Gln/Gln and Arg/Gln genotypes of XRCC1 Arg399Gln
had a 2.24‐ and 1.67‐fold increased risk in glioma compared to the
Arg/Arg wild genotype [Hu et al., 2011]. Rajaraman et al. [2010]
reported that the XRCC1 Arg399Gln were associated with decreased
glioma risk, but the XRCC1 Arg194Trp and Arg280His was not
associated with decreased glioma risk. Jin et al. [2013] suggested that
the genotypes/alleles of Thr304Ala and Ser593Arg genetic poly-
morphisms were statistically associated with the increased risk of
glioma in Chinese Han populations. Zhang et al. [2012] reported that
the XRCC1 Arg194Trp was not associated with glioma risk. Felini
et al. [2007] indicated that there was no evidence of association
betweenXRCC1Arg399Gln genotypes and glioma.Wang et al. [2004]
did not find any statistically significant differences in the
distributions of XRCC1 Arg399Gln between glioma patients and
controls. Jacobs and Bracken [2012] suggested that the XRCC1
Arg399Gln not influence the risk of glioma among Caucasians. In the
present study, on the basis of analysis of 638 glioma patients and 648
healthy controls, we firstly detected that the c.482C>T, c.1161G>A,
and c.1804C>A SNPs of XRCC1 gene have statistically significant
impact on the risks of glioma in Chinese Han populations through
association analyses. Our data suggested that there were significant
differences in the allelic/genotypic frequencies between glioma
patients and healthy controls, the genotypes/alleles of these SNPs
were statistically associated with the increased risk of glioma. As for
c.482C>T, genotype TT had a 2.24‐ and 2.18‐fold increased risk
effects on glioma when compared with wild‐type genotype CC and

AT/TT carriers. As for c.1161G>A, the genotype AA were associated
with a 1.62‐ and 1.59‐fold increased risk of glioma compared to the
wild‐type genotype GG and GA/GG carriers. As for c.1804C>A, the
genotype AA conferred a 2.12‐ and 2.03‐fold elevated risk for glioma
compared to the wild‐type genotype CC and CA/CC carriers. The allele
T of c.482C>T, allele A of c.1161G>A and allele A of c.1804C>A
might be increased risk alleles for glioma, and may contribute to the
risks of glioma. There are many other non‐synonymous genetic
variants of XRCC1 gene (such as Arg194Trp, Arg280His, Thr304Ala,
Arg399Gln, and Ser593Arg) have been approved to influence the
function of XRCC1 protein and significantly associated with the risks
of glioma [Kiuru et al., 2008; Liu et al., 2009, 2012; Rajaraman
et al., 2010; Yosunkaya et al., 2010; Hu et al., 2011; Zhou et al., 2011;
Wang et al., 2012; Luo et al., 2013; Pan et al., 2013]. In this study,
DNA sequence analyses indicated that the c.482C>T and c.1804C>A
genetic variants are also non‐synonymous mutations and cause
amino acid replacement. The c.482C>T, c.1161G>A, and c.1804C>A
genetic variants might be linked to those other non‐synonymous
genetic variants of XRCC1 gene to influence the function of XRCC1
protein and play the similar roles on the pathogenesis of glioma. Our
results suggest these SNPs influence glioma risks in Chinese Han
ethnic subjects, and might be potential molecular markers for
evaluating the risks of glioma. The findings could provide new
evidence for further analysis of the biological function role of XRCC1
gene on the pathogenesis of glioma. Larger prospective investigations
will be needed to validate the findings from our study on different
populations.
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