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Abstract: We conducted a case-control study to investigate the role of ERCC2 Lys751GIn and ERCC2 Asp312Asn
polymorphisms in the development of gastric cancer in a Chinese population. A total of 240 patients with pathologi-
cally proven gastric cancer and 240 control subjects were recruited between January 2013 and December 2014.
Genotyping of ERCC2 Lys751GIn and ERCC2 Asp312Asn was carried out by the method of polymerase chain reac-
tion restriction fragment length polymorphism (PCR-RFLP). All the statistical analyses were done by using SPSS ver-
sion 17.0 (SPSS Inc. Chicago, USA). By chi-square test, we found significant differences in the genotype distributions
of ERCC2 Lys751GIn between gastric cancer patients and control subjects (x?=4.52, P value =0.03). By multivariate
logistic regression analysis, we observed that individuals carried the GG genotype of ERCC2 Lys751GIn were corre-
lated with an increased risk of gastric cancer when compared with the TT genotype (OR=2.25, 95% CI=1.18-4.36).
Individuals carried the G allele of ERCC2 Lys751GIn was associated with a higher risk of gastric cancer compared
to the T allele (OR=1.46, 95% CI=1.10-1.93). However, no significant association was observed between ERCC2
Asp312Asn polymorphism and risk of developing gastric cancer. In conclusion, our study indicates that the ERCC2
Lys751GIn polymorphism is associated with an increased risk of gastric cancer in the Chinese population, which
suggests that this gene variation could affect the etiology of this cancer.
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Introduction contains 23 exons and spans approximately
54,300 bp [9]. ERCC2 encodes an evolution-
arily conserved helicase, a subunit of the
core transcription factor IIH (TFIIH) that is
involved in normal transcription and in nucleo-
tide excision repair of DNA by opening the DNA
helix around damage [9]. Polymorphisms of
ERCC2 gene are involved in regulating the gene
expression, and they could contribute to the
differences between individuals in the suscepti-
bility to, and severity of, a disease. ERCC2
rs13181 (Lys751GIn) polymorphismisa T to G
substitution at the 751 locus, and ERCC2
rs1799793 (Asp312Asn) polymorphism is a G

Gastric cancer is a highly lethal cancer, with
increasing incidence worldwide [1]. Poor under-
standing on molecular mechanisms underlying
tumorigenesis of gastric cancer leads to lack of
effective treatment [2]. Intensive studies focus
on identification of gastric cancer related genes
[3-5]. Many transcription factors, such as cau-
dal-related homeobox family genes, have been
demonstrated to participate in gastric cancer
tumorigenesis and progression [6-8]. However,
molecular pathogenesis of gastric cancer is not
fully understood. Thus, it is necessary to iden-
tify novel molecular targets involved in gastric

cancer tumorigenesis.

The excision repair cross-complementing ro-
dent repair deficiency group 2 (ERCC2) gene is
located on chromosome 19913.2-13.3, and

to A substitution at the 312 locus, and the two
gene polymorphism could influence the activity
and expression of the encoded protein. Previous
studies have reported that ERCC2 rs13181 and
ERCC2 rs1799793 polymorphisms are involved
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Table 1. The primers and restriction enzymes of ERCC2 Lys751GIn and

10.64 years, and me-

Asp312Asn an body mass index
— BMI) was 25.45+2.24
. Vo PCR product Restriction (
ERCC2 SNP Primers (5’-3") size enzyme kg/m2. Males account-
0,

lys751GIn  rs13181 GTCACCTGACTTCATAAGACC 348 bp Pstl ed for 67.50% of the
TCTCCCTTTCCTCTGTTCTCTG patients, and 62.50%

Asp312Asn rs1799793 AGGATCAAAGAGACAGACGAG 211 bp Styl of the gastric cancer

TCTGCGAGGAGACGCTATCAG

patients had infected

in the susceptibility to several kinds of cancers,
such as lung cancer, gastric cancer and pros-
tate cancer [10-14]. A number of epidemiologic
studies have been conducted to investigate
whether there is an association between the
ERCC2 Lys751GIn and Asp312Asn polymor-
phisms and gastric cancer risk in the past
decade [12-16]. However, the results of these
studies are conflicting, possibly because of the
relatively small size of published studies or
there being only a small effect of the polymor-
phism on gastric cancer risk. In our study, we
conducted a case-control study to investigate
the role of ERCC2 Lys751GIn and ERCC2
Asp312Asn polymorphisms in the development
of gastric cancer in a Chinese population.

Subjects and methods
Patients

Patients with pathologically proven gastric can-
cer (n=240) were recruited from the depart-
ment of the First Surgical Department, the
Armed Police General Hospital of Inner Mon-
golia in the period between January 2013 and
December 2014. All the gastric cancer patients
received gastrointestinal endoscopy and were
confirmed by pathological examination. The
control group consisted of 240 subjects with-
out malignant cancer, and all the control sub-
jects were recruited from individuals for regular
health check-up. None of the control subjects
were presence of malignant tumor, and the
control subjects were recruited simultaneously
from similar geographic areas and matched
with patients with respect to age and gender.
Study subjects who had had a history of acute
or chronic infection disease, cancers, or end-
stage liver or kidney diseases were excluded
from our hospital.

The main information of the gastric cancer pati-
ents were as follows: mean age was 64.30+
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with Helicobacter pylori.
The main information of
the control subjects were as follows: mean age
was 63.76+10.25 years; BMI was 23.67+2.60
kg/m2. Males represented 67.50% of the
patients, and 37.08% of the gastric cancer
patients had infected with Helicobacter pylori.

Cases and controls were interviewed using a
standardized questionnaire including socio-
demographic characteristics, such as age, gen-
der, BMI, tobacco smoking and alcohol con-
sumption. The clinical data were collected from
medical records, such as Helicobacter pylori,
Lauren’s classification, and TNM stage. The
Helicobacter pylori infection was tested using
serology. All individuals voluntarily participated
in the study and gave their informed consent
prior to participating into our study. The project
was approved by the Ethics Committee of
the Armed Police General Hospital of Inner
Mongolia.

DNA extraction and genotyping

Five ml peripheral blood was collected from
patients with gastric cancer and control sub-
jects after recruiting into this study. The
collected blood samples were kept in a refrig-
erator at -20°C until using. The DNA was iso-
lated from peripheral blood sample using a
Blood Mini Kit (TIANGEN Co. Limited, Beijing,
China). Genotyping of ERCC2 Lys751GIn and
ERCC2 Asp312Asn was carried out by the
method of polymerase chain reaction restric-
tion fragment length polymorphism (PCR-
RFLP). All primers and PCR conditions used are
described in Table 1. The ERCC2 Lys751GIn
and ERCC2 Asp312Asn were amplified as fol-
lows: denaturation at 95°C for 10 min, and
then 40 cycles of 95°C for 10 s, 60°C for 20 s,
and 72°C for 10 s. The PCR fragments of
the investigated polymorphisms were subse-
quently digested with their specific restriction
enzyme. Digestion products were separated by
electrophoresis on ethidium bromide stained
agarose gel and visualized under UV light.
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Table 2. The demographic and lifestyle information of study subjects

Patients Controls t test or

Variables N=240 % N=240 % \-test P value
Age, years 64.30+10.64 63.76+10.25 0.57 0.29
Gender
Female 78 32.50 78 32.50
Male 162 67.50 162 6750 0.00 1.00
BMI, kg/m? 25.45+2.24 23.67+2.60 8.04 <0.001
Alcohol consumption
No 136 56.67 152 63.33
Yes 104 43.33 88 36.67 2.22 0.14
Tobacco drinking
No 149 62.08 157 65.42
Yes 91 37.92 83 3458 0.58 0.45
Helicobacter pylori
Negative 90 37.50 151 62.92
Positive 150 62.50 89 37.08 31.01 <0.001
TNM stage at diagnosis
-1 132 55.00
-1V 108 45.00
Lauren classification
Intestinal 105 43.75
Diffuse 135 56.25
Statistical analysis

trol subjects were shown
in Table 2. By Chi-square
test, the gastric cancer
patients and control sub-
jects were comparable with
respect to age (t=0.57,
P=0.29), gender (x?=0.00,
P=1.00), alcohol consump-
tion (x>=2.22, P=0.14) and
tobacco drinking (x>=0.58,
P=0.45). However, no sig-
nificant difference was fo-
und between gastric cancer
patients and controls in
terms of BMI (t=8.04,
P<0.001) and Helicobacter
pylori (x2=31.01, P<0.001).

In gastric cancer patients,
97 (40.42%), 107 (44.58%)
and 36 (15.00%) cases car-
ried TT, TG and GG geno-
types, respectively; 128
(53.33%), 92 (38.33%) and
19 (7.92%) cases carried
GG, GA and AA genotypes,
respectively. In control sub-

jects, 121 (50.42%), 99 (41.25%) and 20

(8.33%) cases carried the TT, TG and GG geno-

The demographic and lifestyle data between
gastric cancer patients and control subjects
were compared using Chi-square (x?) test or
independent sample t-test. Whether the geno-
type frequencies of ERCC2 Lys751GIn and
Asp312Asn confirm with the Hardy-Weinberg
equilibrium (HWE) was assessed using a x>-test
with one degree of freedom. The genotype fre-
quencies of ERCC2 Lys751GIn and Asp312Asn
between gastric cancer patients and control
subjects were compared using x>test. The mul-
tiple logistic regression analysis was performed
to assess the association between ERCC2
Lys751GIn and Asp312Asn polymorphisms and
gastric cancer risk. Odds ratios (ORs) and their
95% confidence intervals (Cls) were calculated
after adjustment for potential confounding fac-
tors. All the statistical analyses were done by
using SPSS version 17.0 (SPSS Inc. Chicago,
USA). A P-value <0.05 at 95% confidence inter-
val (Cl) was taken as statistically significant.

(P>0.05).

types, respectively; 136 (56.67%), 88 (36.67%)
and 16 (6.67%) carried the GG, GA and AA gen-
otypes, respectively. By chi-square test, we
found significant differences in the genotype
distributions of ERCC2 Lys751GIn between
gastric cancer patients and control subjects
(x>=4.52, P value =0.03), but no significant dif-
ference was observed in the genetic distribu-
tions of ERCC2 Asp312As (Table 3). The geno-
type frequencies of ERCC2 Lys751GIn and
Asp312Asn did not deviated with Hardy-
Weinberg Equilibrium in patients and controls

By multivariate logistic regression analysis,
we observed that individuals carried the GG
genotype of ERCC2 Lys751GIn were correlated
with an increased risk of gastric cancer when
compared with the TT genotype (OR=2.25, 95%
Cl=1.18-4.36) (Table 4). Individuals carried

the G allele of ERCC2 Lys751GIn was associat-

Results

ed with a higher risk of gastric cancer com-

pared to the T allele (OR=1.46, 95% CI=1.10-

The demographic and lifestyle information of
the included gastric cancer patients and con-

1.93). However, no significant association was
observed between ERCC2 Asp312Asn poly-
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Table 3. Genotype distribution of ERCC2 Lys751GIn and Asp312Asn between gastric cancer patients
and control subjects

P for Hardy-Weinberg

Patients Controls Chi-square

ERCC N=240 % N=240 % test P value : Equilibrium
In patients In controls

Lys751GIn

T 97 40.42 121 50.42

TG 107 44.58 99 41.25

GG 36 15.00 20 8.33 7.52 0.02 0.47 0.97
Asp312Asn

GG 128 53.33 136 56.67

GA 92 38.33 88 36.66

AA 19 7.92 16 6.67 0.59 0.75 0.67 0.73

ic variations in ERCC2 (Lys-
751GIn and Asp312Asn)
and the risk of gastric can-

Table 4. Association between ERCC2 Lys751GIn and Asp312Asn
polymorphisms and risk of developing gastric cancer

Patients Controls
ERCC N=240 % N=240 % OR (95% C|)1 P value \(;\?r inba Chmdesﬁ pogémtion_
e observed that geno-
Lys751Gl
ys;T " o7 4049 191 50.42 1.0 (Ref type and G allele of ERCC2
' : 0 (Ref.) ) Lys751GIn were associa-
TG 107 44,58 99 41.25 1.35(0.90-2.01) 0.13

ted with an increased sus-

GG 36 1500 20 8.33 2.25(1.18-4.36) 0.01 ceptibility to the risk of
Allele gastric cancer. However,

T 301 62.71 341 71.045 1.0 (Ref.) - ERCC2 Asp312Asn did not

G 179 7458 139 28955 1.46(1.10-1.93) 0.01 observe any significant
Asp312Asn association with the devgl-

GG 128 5333 136 56.67 1.0 (Ref.) - opment of gastric cancer in

the Chinese population.

GA 92 38.33 88 36.67 1.11(0.75-1.65) 0.59

AA 19 7.92 16 6.67 DNA damage caused by se-
Allele veral exogenous or endoge-

G 348 72,50 360 75.01 1.0 (Ref.) - nous factors needs efficient

A 130 2709 120 25.01 1.12(0.83-1.51) 0.44 DNA repair to restore ge-

nomic integrity, which is in-
volves a number of DNA re-

‘Adjusted for age, gender, BMI and Helicobacter pylori infection.

morphism and risk of developing gastric
cancer.

We further analyzed the correlation between
ERCC2 Lys751GIn and Asp312Asn polymor-
phisms and risk of gastric cancer stratified by
BMI, alcohol consumption, tobacco drinking,
and Helicobacter pylori infection. However, we
did not observed the ERCC2 Lys751GIn and
Asp312Asn polymorphisms had interaction
with the BMI, alcohol consumption, tobacco
drinking, and Helicobacter pylori infection
(P>0.05).

Discussion

In the present study, we investigated the asso-
ciation between two common functional genet-
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pair genes. Recently, many
studies have indicated that single nucleotide
polymorphisms (SNPs) in DNA repair genes
might be associated with the development of
gastric cancer, such as APE1, XRCC1, XRCC2
and XRCC3 [17-20]. Nucleotide excision repair
is an important mechanism of the DNA repair
pathway, maintaining genomic integrity by
removing DNA interstrand crosslinks. ERCC2
gene products are important rate-limiting
enzymes during the nucleotide excision repair
process, which is involved in maintaining
genomic integrity by removing DNA interstrand
crosslinks [21, 22]. The ERCC2 protein pos-
sesses both single strand DNA-dependent
ATPase and 5-3' DNA helicase activities and
participates in DNA unwinding during NER [23,
24]. Polymorphisms in the ERCC2 gene reduce-
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helicase activity, lower DNA repair capacity,
and increase cancer susceptibility [25, 26].

The ERCC2 Lys751GIn polymorphism may
cause a defect in nucleotide excision repair.
The role of insufficient DNA repair in carcino-
genesis has been extensively studied [27-34].
Guo et al. conducted a meta-analysis with 21
case-control studies and revealed that ERCC2
Lys751GIn genetic polymorphisms contribute
to the susceptibility to esophageal cancer [28].
Kabzinski et al. conducted a study in a Polish
population, and found that ERCC2 Lys751GIn
and Asp312Asn polymorphisms may be associ-
ated with an increased risk of colorectal cancer
[29]. Joo et al. reported that ERCC2 Lys751GIn
was associated with cervical cancer in the
Korean population [30]. Michalska et al. report-
ed that ERCC2 Lys751GIn genetic polymor-
phism may be a risk factor for the development
of ovarian carcinoma [31]. Zhao et al. conduct-
ed a case-controls study with 246 pancreatic
cancer patients and 246 controls and indicted
that ERCC2 Lys751GIn polymorphisms contrib-
ute to the development of pancreatic cancer
[33]. Sun and Zhang et al. conducted a meta-
analysis with 5961 cases and 8669 subjects
and reported that ERCC2 Lys751GIn polymor-
phisms did not play a role in the pathogenesis
of melanoma in Caucasian populations [32].
Akhmadishina et al. conducted a case-control
study with 468 cancer patients and 351 healthy
individuals, and reported that ERCC2 Lys751GIn
did not contribute to the pathogenesis mecha-
nisms of bladder cancer [27]. Sun and Tan et al.
reported that ERCC2 Lys751GIn polymorphism
could not influence the risk of larynx cancerin a
Chinese population.

Several studies regarding the correlation
between ERCC2 Lys751GIn polymorphism and
gastric cancer have revealed inconclusive
results [13, 15, 16, 35]. Zhang et al. and Engin
et al. conducted case-control studies in a
Chinese population and a Turkish population,
and they reported that ERCC2 Lys751GIn did
not contribute to the etiology of gastric cancer
[13, 15]. However, Long et al. and Yin et al. indi-
cated that ERCC2 Lys751GIn polymorphism
might be a biomarker of gastric cancer suscep-
tibility in Chinese population [16, 35]. The dis-
crepancies of these results might be caused by
differences in ethnicities, selection of patients
and controls and sample size.

3916

In conclusion, our study indicates that the
ERCC2 Lys751GIn polymorphism is associated
with an increased risk of gastric cancer in the
Chinese population, which suggests that this
gene variation could affect the etiology of this
cancer. Further large sample size studies are
required to confirm our findings.
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