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Abstract: We conducted a case-control study to assess the LIG4 and XRCC4 genes polymorphisms and development
of glioma. A case-control study including 162 glioma cases and 324 controls was conducted in a Chinese popula-
tion. Genotypes of rs10131 and rs1805388 in LIG4 and rs2075685 and rs1805377 in XRCC4 were conducted by
polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) assay. Conditional logistic regres-
sion analysis showed that subjects carrying AA genotype of LIG4 rs10131 was associated with increased risk of
glioma when compared with GG genotype, and the OR (95% Cl) was 3.26 (1.50-7.23). We found that GA+AA of LIG4
rs10131 was associated with increased risk of glioma in those without family history of cancer, and the OR (95% Cl)
was 1.78 (1.12-2.83). However, no association was found between variants of LIG4 rs1805388, XRCC4 rs2075685
and XRCC4 rs1805377 and development of glioma. In conclusion, our results suggest that LIG4 rs10131 polymor-

phism in the DNA repair pathways plays an important role in the risk of glioma in a Chinese population.

Keywords: LIG4, XRCC4, polymorphism, glioma

Introduction

Gliomas are the most frequently occurring type
of brain tumors worldwide, accounting for
approximately 80% of all malignant brain
tumors [1]. In 2000, the annual incidence of
cerebral tumors was about 3.9 per 100,000 in
men and 2.8 per 100,000 in women among
Chinese population, also 2 or 3 per 100,000 in
Europe and North America [2, 3]. Despite the
development of therapeutics for gliomas and
the improvement of diagnosis in recent years,
the glioma patients showed a poor survival
time of approximately 14 months after diagno-
sis [4]. Currently, only two relative factors have
been reported to be associated with develop-
ment of glioma, including exposure to high
doses of ionizing radiation and inherited muta-
tions of genes, but most patients are without
ionizing radiation [5]. Therefore, understanding
the genetic etiology of gliomas may help to
reveal the mechanism of gliomas and provide
new insight for the diagnosis and treatment.

Single strand breaks (SSBs) and double-strand
breaks (DSBs) are important DNA damages.

DSBs may lead to chromosomal breakage or
rearrangement and are the most detrimental
form. Moreover, defects in DSBs repair can
induce disastrous consequences including
genomic instability, cell death and carcinogen-
esis [6, 7]. Homologous recombination (HR) and
non-homologous end-joining (NHEJ) are two
major pathways for DSBs repair [8]. In the NHEJ
process, five proteins, namely X-ray repair
cross-complementing group 6 (XRCC6, Ku70),
XRCC5 (Ku80), DNA-dependent protein kinase
catalytic subunit (DNA-PKcs), DNA ligase IV
(LIG4), and XRCC4 play an important role in
NHEJ [9]. The LIG4 and XRCC4 complex have a
key role in performing the end-joining reaction.
As a DNA ligase, LIG4 can execute the final
rejoining step by forming a heterodimer with
XRCC4, and XRCC4 is a nuclear phosphopro-
tein that links LIG4 to DNA-PK complex, stabi-
lizes and stimulates the LIG4 activity [10, 11].

Previous studies have investigated the roles of
the LIG4 gene in the development of various
cancers [12, 13], however, few studies reported
the effects of LIG and XRCC4 complex gene
polymorphisms on the glioma risk [14, 15].
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Therefore, we conducted a case-control study
to assess the LIG4 and XRCC4 genes polymor-
phisms and development of glioma.

Materials and methods
Study population

A case-control study including 162 cases and
324 controls was conducted in a Chinese popu-
lation. 162 patients histopathologically diag-
nosed with gliomas were selected from the
Affiliated Hospital of Inner Mongolia Medical
University between May 2011 and December
2013. Demographic and clinical data of includ-
ed cases and controls were collected from
medical records and a self-designed question-
naire.

324 control subjects were randomly selected
from annual check-up visitors at the same hos-
pital during the similar time period and frequen-
cy matched to cases by sex and age (x5 years).
The controls that had a history of cancer or cen-
tral nervous system-related diseases and previ-
ously receiving radiotherapy or chemotherapy
for certain diseases were excluded from our
study.

Written informed consent was obtained from all
patients and this study was approved by ethics
committee of the Affiliated Hospital of Inner
Mongolia Medical University.

Blood samples and genotyping

Each patient was asked to provide 5 ml periph-
eral blood and kept in -70°C until use. Genomic
DNA was isolated from peripheral blood using
the TIANamp Blood DNA Kit (Tiangen, Beijing,
China) according to the manufacturer’s instruc-
tions. Genotypes of rs10131 and rs1805388
in LIG4 and rs2075685 and rs1805377 in
XRCC4 were conducted by polymerase chain
reaction restriction fragment length polymor-
phism (PCR-RFLP) assay. Probes and primers
for rs10131 and rs1805388 in LIG4 and
rs2075685 and rs1805377 in XRCC4 were
designed using Sequenom Assay Design 3.1
software (Sequenom®) according to the manu-
facturer instructions. Briefly PCR was carried
out in a final volume of 25 pL containing 50 ng
genomic DNA templates, 1X PCR buffer with 2
mM MgCl,, 0.5 uM of each primer, 50 uM
dNTPs and 0.5 U DNA polymerase. For PCR
amplification, the standard program was used

2058

as follows: one initial denaturation step at 94°C
for 7 min, followed by 35 denaturation cycles of
1 min at 94°C, 1 min of annealing at 60°C, and
1 min of extension at 72°C, followed by a final
elongation cycle at 72°C for 10 min. For quality
control, 5% of subjects were randomly select-
ed, and the results of repeated samples
showed 100% concordance.

Statistical analysis

Continuous variables were shown as the mean
+ SD and analyzed by student t test. Categorical
variables were expressed as n (%) of study sub-
jects and analyzed by x3-test. The x? test was
used to compare the differences in demo-
graphic characteristics and genotypes of LIG4
and XRCC4 genes. The Hardy-Weinberg equilib-
rium (HWE) was tested by Fisher’s exact test for
each SNP in controls. The association between
gene polymorphisms of LIG4 and XRCC4 and
development of glioma was assessed by condi-
tional logistic regression models adjusted for
gender and age for genotype analysis, and the
results was expressed by OR and 95% confi-
dence interval (Cl) were calculated. The SPSS
software (SPSS, Chicago, IL) was used for sta-
tistical analyses. All P-values were two sided,
and a P-value was regarded as statistically sig-
nificant when it less than 0.05.

Results
Characteristics of included subjects

The demographic and clinical characteristics of
162 glioma cases and 324 health controls
were shown in Table 1. Cases and controls
were matched on age and sex, and no signifi-
cant difference between them (P=0.80 and
1.00, respectively). Moreover, there was no sig-
nificant in tobacco smoking between cases and
controls (P=0.42). Glioma patients were more
likely to have a family history of cancer (P=
0.006).

Genotype distributions of LIG4 and XRCC4

The allele and genotype distributions of rs-
1805388, rs2075685 and rs1805377 were
found to be in Hardy-Weinberg equilibrium in
the control group, while rs10131 was not (Table
2). We found the Minor allele frequencies in
controls were similar to them in NCBI (http://
www.ncbi.nlm.nih.gov/pubmed/).
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Table 1. Demographic and clinical characteristics in cases and controls

Variables Cases N=162 % Controls N=324 % torx? P value
Age
Mean = SD 45.2+11.3 46.5+10.5 1.25 0.11

<50 91 56.17 178 54.94

>50 71 43.83 146 45.06 0.00 1.00
Sex

Male 92 56.79 184 56.79

Female 70 43.21 140 43.21 0.11 0.75
Tobacco smoking

Never 85 52.47 190 58.64

Ever 36 22.22 65 20.06

Current 41 25.31 69 21.30 1.74 0.42
Family history of cancer

No 143 88.27 308 95.06

Yes 19 11.73 16 4.94 7.45 0.006
Histological types

Glioblastoma 61 37.65

Other gliomas 101 62.35

Table 2. Allele frequencies of LIG4 and XRCC4 in glioma and con-

trol subjects

LIG4 rs10131 polymorphism
and glioma risk stratified by

Minor allele fre- Minor allele fre-

P value for Hardy-

demographic characteristics

SNP quency in NCBI  quency in controls Weinberg equilibrium (Table 4). We found that
LIG4 GA+AA of LIG4 rs10131 was
10131 0.1298 0.1343 <0.05 associated with increased
rs1805388 0.1458 0.1605 0.16 risk of glioma in those with-
out family history of cancer,
XRCC4 and the OR (95% Cl) was 1.78
rs2075685 0.4449 0.4228 0.06 (1.12-2.83).
rs1805377 0.3752 0.3704 0.19

Association between LIG4 and XRCC4 gene
polymorphisms and risk of glioma

Conditional logistic regression analysis showed
that subjects carrying AA genotype of LIG4
rs10131 was associated with increased risk of
glioma when compared with GG genotype, and
the OR (95% CI) was 3.26 (1.50-7.23) (Table 3).
However, no association was found between
variants of LIG4 rs1805388,XRCC4 rs2075685
and XRCC4 rs1805377 and development of
glioma.

Interaction between LIG4 and XRCC4 gene
polymorphisms and demographic characteris-
tics of glioma

To determine whether the demographic charac-

teristics can influence the genetic susceptibili-
ty, we investigated the association between
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Discussion

In the present study, we investigated the rela-
tionship between LIG4 and XRCC4 gene poly-
morphisms and development of glioma. We
found that AA genotype of LIG4 rs10131 signifi-
cantly increased the risk of glioma, but we
found no significant association between LIG4
rs1805388, XRCC4 rs2075685 and XRCC4
rs1805377 polymorphisms and development
of glioma. Moreover, we found that LIG4 rs-
10131 had interaction with family history of
cancer in the risk of glioma.

Among various DNA damage lesions caused by
the ionizing radiation, the DSBs are the princi-
ple genotoxic to pose major threats to genomic
instability, integrity and carcinogenesis [7].
Previous studies showed that NHEJ repair path-
way had an important role in repairing DSBs in
mammalian cells, and LIG4 and XRCC4 genes
play an important role in performing the end-
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Table 3. Association between LIG4 and XRCC4 gene polymorphisms and development of glioma

Variables Cases % Controls % OR (95% CI)* P value
LIG4 rs10131
GG 110 67.90 251 77.47 1.0 (Ref.) -
GA 32 19.75 59 18.21 1.24 (0.73-2.06) 0.39
AA 20 12.35 14 4.32 3.26 (1.50-7.23) <0.05
LIG4 rs1805388
cC 111 68.52 237 73.15 1.0 (Ref.) -
CcT 37 22.84 70 21.60 1.13 (0.69-1.82) 0.61
T 13 8.02 17 5.25 1.63 (0.70-3.70) 0.20
XRCC4 rs2075685
GG 47 29.01 122 37.65 1.0 (Ref.) -
GT 69 42.59 130 40.12 1.38 (0.86-2.21) 0.16
T 46 28.40 72 22.22 1.66 (0.95-2.82) 0.06
XRCC4 rs1805377
AA 62 38.27 137 42.28 1.0 (Ref.) -
AG 70 43.21 134 41.36 1.15 (0.74-1.79) 0.50
GG 30 18.52 53 16.36 1.25(0.70-2.21) 0.42

1Adjusted for sex, age, tobacco smoking and family history of cancer.

Table 4. Interaction between LIG4 rs10131 and demographic characteristics in the risk of glioma

LIG4 rs10131

Variables GG GA+AA OR (95% CI)* P value
Cases Controls Cases Controls
Age, years
<50 63 141 28 37 1.69 (0.91-3.12) 0.07
>50 a7 110 24 36 1.56 (0.80-3.02) 0.16
Sex
Male 61 149 31 40 1.89 (1.04-3.42) 0.02
Female 49 102 21 33 1.32 (0.66-2.64) 0.39
Tobacco smoking
Never 58 148 27 42 1.64 (0.88-3.01) 0.09
Ever 24 50 12 15 1.67 (0.61-4.49) 0.26
Current 28 53 13 16 1.54 (0.58-3.96) 0.33
Family history of cancer
No 95 240 48 68 1.78 (1.12-2.83) 0.01
Yes 15 11 4 5 0.59 (0.09-3.51) 0.49

*Adjusted for sex, age, tobacco smoking and family history of cancer.

ing-joining reaction and promoting various can-
cer tumorigenesis [6, 8]. Our study found that
LIG4 rs10131 polymorphisms significantly
increased the risk of glioma in Chinese popula-
tion, which indicated that LIG4 gene polymor-
phisms had a key role in development of gli-
oma.

Previous studies reported the association
between LIG4 gene polymorphisms and risk of
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several kinds of cancers, including ovarian can-
cer, cervical cancer, colorectal cancer and
breast cancer, etc. [16-20]. Schildkraut et al.
conducted a case-control study with 364 ovar-
jan cancer cases and 761 controls, and found
that LIG4 rs10131 was associated with risk of
ovarian cancer [16]. However, three studies did
not find significant association between LIG
gene polymorphisms and risk of cervical can-
cer, colorectal cancer and breast cancer [17-
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19]. In a recent meta-analysis, it assessed the
association between LIG4 rs1805388 and
rs1805386 polymorphisms and cancer risk,
and it found that LIG4 rs1805388 was associ-
ated with a decreased risk of cancer in Cau-
casians [20]. The discrepancies of these results
may be caused by differences in ethnicities,
study design, tumor types, and sample size as
well as by chance.

For the association between LIG4 gene poly-
morphisms and risk of glioma, only two previ-
ous studies reported their association [14, 15].
Liu et al. conducted a case-control study of 771
glioma patients and 752 cancer-free controls,
and found that LIG4 rs1805388 and XRCC4
rs7 734849 polymorphisms contributed to glio-
ma susceptibility [14]. Zhao et al. conducted a
study to investigate the association between
10 SNPs in DNA repaired genes and risk of glio-
ma, and found that LIG4 rs1805388 and
XRCC4 rs1805377 polymorphisms were asso-
ciated with an increased glioma risk, even in
smokers [15]. In our study, we only found that
AA genotype of LIG4 rs10131 significantly
increased the risk of glioma, but we found no
significant association between LIG4 rs1805-
388, XRCC4 rs2075685 and XRCC4 rs1805-
377 polymorphisms and development of glio-
ma. Therefore, further large sample studies are
with more ethnicities are greatly needed to con-
firm our results.

Several limitations should be considered in our
study. First, cases and controls were selected
from one hospital, and the rs10131 was not in
Hardy-Weinberg equilibrium in the control
group. The sample of our study would not be
representative of other populations. However,
the controls were a random sample from a pool
of individuals who came to receive a health
check-up, which may well represent the general
population. Second, since the rarity of glioma,
the sample size of glioma patients is relatively
small. The small sample size could limit the sta-
tistical power to find the association between
groups. Third, the risk of glioma could be modi-
fied by many other genetic factors in DNA
repaired pathway except for LIG4 and XRCC4
genes. Therefore, further studies with more
subjects are greatly needed to confirm the
association between LIG4 and XRCC4 genes
polymorphisms and risk of glioma.

In conclusion, our results suggest that LIG4
rs10131 polymorphism in the DNA repair path-
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ways plays an important role in the risk of glio-
ma in a Chinese population. Further multicenter
studies involving various populations are great-
ly needed to confirm our results.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Songtao Qi, Depart-
ment of Neurosurgery, Nanfang Hospital, Southern
Medical University, Guangzhou Road No. 1838,
Guangzhou 510515, China. Tel: +86-471-6637640;
Fax: +86-471-6965931; E-mail: gisongtao665@
163.com

References

[1] Bondy ML, Scheurer ME, Malmer B, Barnholtz-
Sloan JS, Davis FG, II'yvasova D, Kruchko C, Mc-
Carthy BJ, Rajaraman P, Schwartzbaum JA,
Sadetzki S, Schlehofer B, Tihan T, Wiemels JL,
Wrensch M, Buffler PA; Brain Tumor Epidemiol-
ogy Consortium. Brain tumor epidemiology:
consensus from the Brain Tumor Epidemiology
Consortium. Cancer 2008; 113: 1953-68.

[2] Ohgaki H, Kleihues P. Epidemiology and etiol-
ogy of gliomas. Acta Neuropathol 2005; 109:
93-108.

[3] Porter KR, McCarthy BJ, Freels S, Kim Y, Davis
FG. Prevalence estimates for primary brain tu-
mors in the United States by age, gender, be-
havior, and histology. Neuro Oncol 2010; 12:
520-7.

[4]  Van Meir EG, Hadjipanayis CG, Norden AD, Shu
HK, Wen PY, Olson JJ. Exciting new advances in
neuro-oncology: the avenue to a cure for malig-
nant glioma. CA Cancer J Clin 2010; 60: 166-
93.

[6] Sadetzki S, Chetrit A, Freedman L, Stovall M,
Modan B, Novikov I. Long-term follow-up for
brain tumor development after childhood ex-
posure to ionizing radiation for tinea capitis.
Radiat Res 2005; 163: 424-32.

[6] Yin M, Liao Z, Liu Z, Wang LE, O'Reilly M, Go-
mez D, Li M, Komaki R, Wei Q. Genetic variants
of the nonhomologous end joining gene LIG4
and severe radiation pneumonitis in nonsmall
cell lung cancer patients treated with definitive
radiotherapy. Cancer 2012; 118: 528-535.

[71 Morgan WF, Corcoran J, Hartmann A, Kaplan
MlI, Limoli CL, Ponnaiya B. DNA double-strand
breaks, chromosomal rearrangements, and
genomic instability. Mutat Res 1998; 404:
125-8.

[8] van Gent DC, Hoeijmakers JH, Kanaar R. Chro-
mosomal stability and the DNA double-strand-
ed break connection. Nat Rev Genet 2001; 2:
196-206.

Int J Clin Exp Pathol 2015;8(2):2057-2062


mailto:qisongtao665@163.com
mailto:qisongtao665@163.com

(9]

(10]

(11]

(12]

[13]

(14]

LIG4 and XRCC4 gene polymorphisms and risk of glioma

Lieber MR, Ma Y, Pannicke U, Schwarz K.
Mechanism and regulation of human non-ho-
mologous DNA end-joining. Nat Rev Mol Cell
Biol 2003; 4: 712-20.

Chistiakov DA. Ligase IV syndrome. Adv Exp
Med Biol 2010; 685: 175-85.

Bertolini LR, Bertolini M, Anderson GB, Maga
EA, Madden KR, Murray JD. Transient deple-
tion of Ku70 and Xrcc4 by RNAi as a means to
manipulate the non-homologous end-joining
pathway. J Biotechnol 2007; 128: 246-57.
Garcia-Closas M, Egan KM, Newcomb PA, Brin-
ton LA, Titus-Ernstoff L, Chanock S, Welch R,
Lissowska J, Peplonska B, Szeszenia-Dabrows-
ka N, Zatonski W, Bardin-Mikolajczak A,
Struewing JP. Polymorphisms in DNA double-
strand break repair genes and risk of breast
cancer: two population-based studies in USA
and Poland, and meta-analyses. Hum Genet
2006; 119: 376-88.

Shen M, Zheng T, Lan Q, Zhang Y, Zahm SH,
Wang SS, Holford TR, Leaderer B, Yeager M,
Welch R, Kang D, Boyle P, Zhang B, Zou K, Zhu
Y, Chanock S, Rothman N. Polymorphisms in
DNA repair genes and risk of non-Hodgkin lym-
phoma among women in Connecticut. Hum
Genet 2006; 119: 659-68.

LiuY, Zhou K, Zhang H, Shugart YY, Chen L, Xu
Z, Zhong Y, Liu H, Jin L, Wei Q, Huang F, Lu D,
Zhou L. Polymorphisms of LIG4 and XRCC4 in-
volved in the NHEJ pathway interact to modify
risk of glioma. Hum Mutat 2008; 29: 381-9.

2062

(15]

(16]

(17]

(18]

[20]

Zhao P, Zou P, Zhao L, Yan W, Kang C, Jiang T,
You Y. Genetic polymorphisms of DNA double-
strand break repair pathway genes and glioma
susceptibility. BMC Cancer 2013; 13: 234.
Schildkraut JM, lversen ES, Wilson MA, Clyde
MA, Moorman PG, Palmieri RT, Whitaker R,
Bentley RC, Marks JR, Berchuck A. Association
between DNA damage response and repair
genes and risk of invasive serous ovarian can-
cer. PLoS One 2010; 5: e10061.

Ding Z, Zhang J, Cheng Q, Shen J, Hu Y, Chen H.
The LIG4 lle658Val polymorphism does not af-
fect the risk of cervical carcinoma. Pathol Res
Pract 2010; 206: 556-9.

Reeves SG, Meldrum C, Groombridge C, Spigel-
man A, Suchy J, Kurzawski G, Lubinski J, Scott
RJ. DNA repair gene polymorphisms and risk of
early onset colorectal cancer in Lynch syn-
drome. Cancer Epidemiol 2012; 36: 183-9.
Zhou LP, Luan H, Dong XH, Jin GJ, Man DL,
Shang H. Lack of association between LIG4
gene polymorphisms and the risk of breast
cancer: a HuGE review and meta-analysis.
Asian Pac J Cancer Prev 2012; 13: 3417-22.
Xie S, Shan XF, Shang K, Xu H, He J, Cai ZG.
Relevance of LIG4 gene polymorphisms with
cancer susceptibility: evidence from a meta-
analysis. Sci Rep 2014, 4: 6630.

Int J Clin Exp Pathol 2015;8(2):2057-2062



