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Abstract: We conducted a case-control study to investigate the association of three SNPs in XRCC1 gene (Arg194Trp,
rs1799782; Arg280His rs25489; Arg399GIn rs25487) and one SNP in ERCC2 gene (Lys751GIn rs13181) with the
susceptibility to osteosarcoma. Between May 2012 and May 2014, patients (n = 194) who were newly diagnosed
with histopathologically confirmed osteosarcoma and 275 control subjects were selected from the First People’s
Hospital of Shanggiu. The XRCC1 Arg194Trp, Arg280His and Arg399GIn and ERCC2 Lys751GIn polymorphisms
were genotyped by polymerase chain reaction (PCR) coupled with restriction fragment length polymorphism (RFLP).
We found that individuals with the GIn/GIn genotype and rg/GIn+ GIn/GIn genotype of XRCC1 Arg399GIn had an
increased risk of osteosarcoma when compared with those carrying the wide-type genotype, and the adjusted OR
(95% Cl) was 2.55 (1.29-5.09) (P = 0.003) and 1.50 (1.01-2.25) (P = 0.04), compared to the Arg/Arg genotype.
However, the XRCC1 Arg194Trp and Arg280His and ERCC2 Lys751GIn gene polymorphisms did not influence the
risk of osteosarcoma. In conclusion, our study suggests that the XRCC1 Arg399Gin is significantly associated with
the development of osteosarcoma.
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Introduction

Osteosarcoma is the most leading bone malig-
nancy in adolescents. However, there exists a
second incidence peak among individuals
which aged above 60 years. It is well known
that the osteosarcoma is a caused by a com-
plex, multistep, and multifactorial process,
such as ionizing radiation, family history and
virus infection [1]. However, not all individuals
who expose to the same risk factors of osteo-
sarcoma would develop this cancer, which sug-
gested that some hereditary factors play a key
role in the susceptibility to this cancer. The con-
cept of genetic factors being involved in the
development of osteosarcoma has led to many
studies on genetic determinants for this cancer
in the recent decade [2-5].

It is well known that the DNA strand breaks and
base damage that can result in severe muta-
tions leading to cancer. The base excision
repair (BER) and the nucleotide excision repair
(NER) pathways are two of the most important

DNA repair process involved in maintaining
genome integrity. Small base lesions and DNA
single strand breaks resulting from oxidation
and alkylation damage could be repaired
through the BER pathway [6-9]. As one of the
most important proteins in BER, XRCC1 is
closely related to BER pathway coordination
through serving as a molecular scaffold for
most other members of the BER short-patch
pathway [7, 8]. In addition to BER, bulky adduct
lesions induced by smoking chemical carcino-
gens can be repaired through the nucleotide
excision repair (NER) pathway [9]. Xeroderma
pigmentosum groups B and D (ERCC2/XPD)
proteins are involved in the NER pathway by
functioning as ATP-dependent DNA helicases
responsible for opening the DNA strand around
the lesion site to remove certain DNA cross-
links, UV photolesions, and bulky chemical
adducts [9]. Currently, few studies reported the
association between XRCC1 and ERCC2 gene
polymorphisms and development of osteosar-
coma. Therefore, we conducted a case-control
study to investigate the association of three
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Figure 1. Chondroblastic osteosarcoma.

SNPs in XRCC1 gene (Arg194Trp, rs1799782;
Arg280His rs25489; Arg399GIn rs25487) and
one SNP in ERCC2 gene (Lys751GIn rs13181)
with the susceptibility to osteosarcoma.

Material and methods
Patients

A hospital-based case-control design was
taken in this study. Between May 2012 and
May 2014, patients (n = 194) who were newly
diagnosed with histopathologically confirmed
osteosarcoma (Figure 1) were selected from
Key Laboratory of People’s Liberation Army,
Institute of Orthopedics, PLA General Hospital.
The exclusion criteria were patients who had
primary tumors other than osteosarcoma,
tumors of an unknown origin, any histopatho-
logical diagnosis other than osteosarcoma or
inadequate organ function. Finally, 172 patients
were included into our study, and the participa-
tion rate was 88.66%.

A total of 275 subjects were randomly selected
from individuals who received health check-up
in the examination center of the First People’s
Hospital of Shanggqiu during the same period.
Control subjects who had a history of cancer
were excluded from our study.

Demographic and related lifestyle factors of
patients with osteosarcoma and control sub-
jects were collected from the medical record or
a self-designed questionnaire. The demograph-
ic and related lifestyle factors included age,
sex, tobacco smoking, alcohol drinking habits,
family history of cancer, Enneking stage, tumor
location, histological type and tumor metasta-
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sis. Written informed consent was obtained
from each included subject prior to the study.
The study was previously approved by the
Institutional Research Ethics Committee of the
First People’s Hospital of Shanggiu.

DNA extraction and genotyping

Each patient and control subject was asked to
provide 5 mL venous blood for genomic DNA
extraction. The blood samples were kept at
-20°C until use, with ethylenediaminetetraace-
tic acid (EDTA) 0.5 mg/mL used as an antico-
agulant. DNA was extracted from peripheral
blood samples using the TIANamp Blood DNA
Kit (Tiangen, Beijing, China) according to
instructions. The XRCC1 Arg194Trp, Arg280His
and Arg399GIn and ERCC2 Lys751GIn polymor-
phisms were genotyped by polymerase chain
reaction (PCR) coupled with restriction frag-
ment length polymorphism (RFLP). The PCR
fragments of the investigated polymorphisms
were subsequently digested with their specific
restriction enzyme (Table 1). The PCR program
was set as follows: an initial denaturation at
95°C for 5 min, 30 cycles of denaturation at
94°C for 60 s, annealing at 60°C for 60 s, and
extension at 72°C for 60 s, and a final exten-
sion at 72°C for 10 min. The PCR products were
digested with the Mspl restriction endonucle-
ase, and analyzed by electrophoresis in a 2%
agarose gel stained with ethidium bromide
(visualized under an UV light).

Statistical analysis

Differences in the distributions of demographic
and related lifestyle as well as clinical charac-
teristics and genotypes of IL-10 polymorphisms
between patients and controls were calculated
by the x3-test. Univariate logistic regression
analysis was taken to analyze the association
between demographic and related lifestyle
characteristics of subjects and risk of osteosar-
coma, and the results were expressed by Odd’s
ratios (ORs) and their 95% confidence intervals
(Cls). The Hardy-Weinberg equilibrium (HWE)
was calculated using the goodness-of-fit x-test.
Multiple logistic regression models were estab-
lished to determine the association between
XRCC1 Arg194Trp, Arg280His and Arg399Gin
and ERCC2 Lys751GIn polymorphisms and risk
of osteosarcoma, and the ORs and their 95%
Cls were calculated for this association. All sta-
tistical analyses were performed using the
SPSS statistical software package, version
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Table 1. The primers, length of digested fragment and restriction enzymes of XRCC1 Arg194Trp,
Arg280His and Arg399GIn and ERCC2 Lys751GIn

Genotype Primers (5’-3’) Restriction enzymes  Length of digested fragment

XRCC1 Arg194Trp GCCCGCTCTGGATTATACG (Forward) Pvull 485 bp
CTATCATCTCCTGGCCCCC (Reverse)

XRCC1 Arg280His CCAGTGGTGCTAACCTAATC (Forward) Rsal 201 bp
CACTCAGCACCACTACCACA (Reverse)

XRCC1 Arg399GIn TTGTGCTTTCTCTGTGTCCA (Forward) Mspl 615 bp
TCCTCCAGCCTTTTCTGATA (Reverse)

ERCC2 Lys751GIn CCCCCTCTCCCTTTCCTCTG (Forward) Mboll 184 bp

AACCAGGGCCAGGCAAGAC (Reverse)

Table 2. Characteristics of patients with osteosarcoma and control subjects

Characteristics Patients N = 172 % Controls N = 275 % X2 test OR (95% CI) P value
Gender

Female 63 36.63 120 43.64 1.0 (Reference) -

Male 109 63.37 155 56.36 2.15 1.34(0.89-2.02) 0.14
Age, years

<20 108 62.79 191 69.45 1.0 (Reference) -

>20 64 37.21 84 30.55 212 1.35(0.88-2.05) 0.15
Smoking habit

No 147 85.47 241 87.64 1.0 (Reference) -

Yes 25 14.53 34 12.36 0.44 1.21(0.66-2.17) 0.51
Drinking habit

No 140 81.40 235 85.45 1.0 (Reference) -

Yes 32 18.60 40 14.55 1.29 1.34(0.78-2.30) 0.26
Family history of cancer in the first relatives

No 142 82.56 238 86.55 1.0 (Reference) -

Yes 30 17.44 37 1345 132 1.36(0.77-2.37) 0.26
Enneking stage

-1 71 41.28

1l 101 58.72
Histological subtype

Osteoblastic 99 57.56

Chondroblastic 31 18.02

Fibroblastic 29 16.86

Other 13 7.56
Tumor location

Extremities 115 66.86

Other 57 33.14
16.0 (SPSS Inc., Chicago, IL, USA). All tests control subjects are presented in Table 2. The
were two-sided, with a significant level P-value mean age of patients with osteosarcoma and
< 0.05. control subjects were 18.70+5.82 and

17.27+6.01 years, respectively. There were 63
Results (36.63%) females and 109 (63.37%) males in
patients with osteosarcoma, and there were

The demographic, lifestyle and clinical charac- 120 (43.64%) females and 155 (56.36%)
teristics of patients with osteosarcoma and males in controls. As expected, the patients
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Table 3. Genotype distributions of XRCC1 Arg194Trp, Arg280His and Arg399GIn and ERCC2 Lys-
751GIn between patients and controls

Gene Patients % Controls o Chi-square P _Pvalue for HWE Minor Allele Frequency
N=172 ° N=275 ’ test value  In controls In database In controls
XRCC1 Arg194Trp

Arg/Arg 124  72.09 208 75.64

Arg/Trp 39 22.67 59 21.45

Trp/Trp 9 5.23 8 2.91 1.75 0.42 0.14 0.1238 0.1364
XRCC1 Arg280His

Arg/Arg 148 86.05 246 89.45

Arg/His 20 11.63 29 10.55

His/His 4 2.33 3 1.09 1.27 0.53 0.06 0.0671 0.06364
XRCC1 Arg399GIn

Arg/Arg 72 41.86 143 52.00

Arg/GIn 73 4244 111 40.36

GIn/GIn 27 15.70 21 7.64 8.78 0.01 0.93 0.2604 0.2782
ERCC2 Lys751GIn

Lys/Lys 90 52.33 155 56.36

Lys/GIn 66 38.37 103 37.45

GIn/GIn 16 9.30 18 6.40 1.40 0.50 0.87 0.2366 0.2513
with osteosarcoma did not differ significantly given in the National Centre for Biotechnology
from the controls in terms of gender (x> = 2.15, Information database (http://www.ncbi.nim.
P = 0.14), age (x*> = 2.12, P = 0.15), tobacco nih.gov/snp).
smoking (x2 = 0.44, P = 0.51), alcohol drinking
(x2 = 1.29, P = 0.26) and family history of can- Using unconditional logistic regression analy-
cer in the first relatives (x2 =132, P= 026) sis, we found that individuals with the GIn/GIn

genotype of XRCC1 Arg399GIn had an in-
creased risk of osteosarcoma when compared
with those carrying the wide-type genotype,
and the adjusted OR (95% CI) was 2.55 (1.29-
5.09) (P = 0.003) (Table 4). Moreover, the Arg/
GIn+ GIn/GIn genotype of XRCC1 Arg399Gin
was correlated with a lower risk of osteosarco-
ma (OR = 1.50, 95% Cl = 1.01-2.25, P = 0.04),
compared to the Arg/Arg genotype. However,
the XRCC1 Argl94Trp and Arg280His and
ERCC2 Lys751GIn gene polymorphisms did not
influence the risk of osteosarcoma.

Seventy one (41.28%) patients were at
Enneking stages I-1l, and 101 (58.72%) were at
stage lll. Furthermore, 99 (57.56%) patients
were osteoblastic histological type, 31 (18.02%)
were chondroblastic type, and 29 (16.86%)
were fibroblastic type. One hundred and fifteen
(66.86%) patients showed tumor lociation at
extemeities.

The genotype distributions of XRCC1 Arg194-
Trp, Arg280His and Arg399GIn and ERCC2
Lys751GIn were shown in Table 3. By chi-square
test, there was significant difference in the gen-

Discussion

otype distributions of XRCC1 Arg399Gin be-

tween patients with osteosarcoma and control Osteosarcoma was associated with several
subjects (x*>=8.78, P=0.01). XRCC1 Arg194Trp, environmental factors such as exposure radia-
Arg280His and Arg399GIn and ERCC2 Lys- tion [1]. Carcinogenic compounds play an
751GIn genotype distributions were found to be important role in causing direct or indirect DNA
consistent with Hardy-Weinberg equilibrium in alteration. DNA repair is responsible for main-
the control group, and the P values were 0.14, taining genomic stability in response to the
0.06, 0.93 and 0.87, respectively. In the control assault of environmental carcinogens that
group, the minor allele frequencies of the causes DNA damage [10]. If left unrepaired,
XRCC1 Argl194Trp, Arg280His and Arg399GIn such DNA damage could cause mutation fixa-
and ERCC2 Lys751GIn were similar to those tion and initiation of carcinogenesis. Up to now,
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Table 4. Association between XRCC1 Arg194Trp, Arg280His and Arg399GIn and ERCC2 Lys751GIn

and risk of osteosarcoma

Gene Patients % Controls % OR (95% Cl) P value
XRCC1 Arg194Trp
Arg/Arg 124 72.09 208 75.64 1.0 (Reference)
Arg/Trp 39 22.67 59 21.45 1.11 (0.68-1.80) 0.66
Trp/Trp 9 5.23 8 291 1.89 (0.63-5.77) 0.20
Arg/Trp+ Trp/Trp 48 27.9 67 24.36 1.20 (0.76-1.89) 0.40
XRCC1 Arg280His
Arg/Arg 148 86.05 246 89.45 1.0 (Reference) -
Arg/His 20 11.63 29 10.55 1.15 (0.59-2.18) 0.66
His/His 4 2.33 3 1.09 2.21 (0.37-15.24) 0.29
Arg/His+ His/His 24 13.96 32 11.64 1.25 (0.67-2.28) 0.45
XRCC1 Arg399GIn
Arg/Arg 72 41.86 143 52 1.0 (Reference)
Arg/GIn 73 42.44 111 40.36 1.31 (0.85-2.01) 0.20
GIn/GIn 27 15.7 21 7.64 2.55 (1.29-5.09) 0.003
Arg/GIn+ GIn/GIn 100 58.14 132 48.00 1.50 (1.01-2.25) 0.04
ERCC2 Lys751GIn
Lys/Lys 90 52.33 155 56.36 1.0 (Reference) -
Lys/GlIn 66 38.37 103 37.45 1.10 (0.72-1.68) 0.63
GIn/GIn 16 9.3 18 6.4 1.53 (0.69-3.35) 0.25
Lys/GIn+ GIn/GIn 82 47.67 121 43.85 1.17 (0.78-1.74) 0.43

1Adjusted for sex and age.

there are at least five known major DNA repair
pathways were found, including above 150
human DNA repair genes, among which the
base excision repair (BER) and the nucleotide
excision repair (NER) are the most versatile and
particularly significant in association with can-
cer risk [11].

Polymorphisms, which have an effect on the
regulation of gene expression, can contribute
to the differences between individuals in the
susceptibility to a disease and its severity [12].
The regulation of DNA repair is a vital factor in
the multistep process of carcinogenesis, and
the XRCC1 and ERCC2 gene is an important
part of the DNA repair machinery. In our study,
we conducted a study to investigate the XRCC1
Arg194Trp, Arg280His and Arg399GIn and
ERCC2 Lys751GIn polymorphisms and develop-
ment of osteosarcoma. We found that the
XRCC1 Arg399GIn significantly increased the
osteosarcoma risk when compared with the
wide-type genotype.

Previous studies have reported the association
of XRCC1 Arg399GIn gene polymorphism with
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the development of several kinds of cancers,
such as breast cancer, ovarian cancer, glioma,
prostate cancer, non-small cell lung cancer,
chronic lymphocytic leukemia, cervical cancer
and esophageal cancer [13-20]. Some studies
reported that XRCC1 Arg399GIn polymorphism
was associated with development of cancers.
Malisic et al. investigated the impact of XRCC1
Arg399GIn polymorphisms on ovarian carcino-
ma risk in Serbian women, and they suggest
that XRCC1 Arg399GIn polymorphisms may be
biomarkers of susceptibility for ovarian carci-
noma development [14]. Wang et al. conducted
a study in a Chinese population, and they sug-
gested that XRCC1 Arg399GIn polymorphisms
contribute to increased risk of glioma [15].
However, some studies reported inconsistent
study. Al Zoubi evaluated the association
between XRCC1 Arg399GIn and susceptibility
to breast cancer in a Jordanian population, and
they reported that XRCC1 Arg399GIn did not
show any significant correlation with suscepti-
bility of breast cancer [13]. Kang et al. conduct-
ed a study in a Chinese population, and they
did not find a significant association between
XRCC1 Arg399GIn polymorphism and risk of
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non-small cell lung cancer [17]. Morever, Mutlu
et al. indicated that XRCC1 Arg399GIn polymor-
phism was not associated with the develop-
ment of chronic lymphocytic leukemia [18].
Baijpai et al. did not find significant association
between XRCC1 Arg399GIn polymorphism and
susceptibility to cervical cancer [19]. Currently,
no study reported the association between
XRCC1 gene polymorphisms and osteosarco-
ma risk. Further studies in different ethnicities
are greatly needed to confirm the results of our
findings.

Our study has two major limitations. Firstly, the
patients and control subjects were selected
from a single hospital, which may not represent
the general population; therefore, selection
bias could not be avoided. However, the geno-
type distributions of the four SNPs were found
to be consistent with Hardy-Weinberg equilibri-
um in the control group, which suggest that the
subjects in our study could represent the gen-
eral population. Second, the sample size is rel-
atively small, and the statistical power of deter-
mining the association between polymorphisms
in XRCC1 and ERCC2 and the risk of osteosar-
coma could be limited. Therefore, further stud-
ies with larger sample sizes must be performed
to validate our findings.

In conclusion, our study suggests that the
XRCC1 Arg399Gin is significantly associated
with the development of osteosarcoma. Further
studies with larger sample sizes must be con-
ducted in the future to confirm this associ-
ation.
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