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Abstract: We conducted a case-control study to evaluate the association between ERCC5 polymorphism and breast
cancer risk. 325 breast cancer patients and 325 controls were recruited in our study between January 2011 and
March 2014. ERCC5 rs1047768, rs2094258, rs2296147, rs751402 and rs873601 polymorphisms were geno-
typed, using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay. By logistic re-
gression analysis, we found that individuals with AA genotype of rs2094258 was associated with increased risk of
breast cancer when compared with wide-type genotype, and the OR (95% Cl) was 1.80 (1.12-2.92) for AA genotype.
Individuals with GA + GG genotype of rs2094258 were significantly correlated with increased risk of breast cancer
in tobacco smokers, and the OR (95% Cl) was 7.35 (1.21-47.20). In conclusion, our study indicated that ERCC5

rs2094258 polymorphism may contribute to the risk of breast cancer.
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Introduction

Breast cancer is the most frequently diag-
nosed cancer in females worldwide, with ~1.38
million new cases estimated to have occurred
in 2008, making it the second most common
malignancy among females worldwide (10.9%
of all cancers) [1]. The incidence of BC in
China rises rapidly from 7/100,000 to 28/
100,000 in the past decades. Pathogenesis of
BC that involves multiple environmental and
hereditary factors is complex and poorly under-
stood [2].

DNA repair is essential for maintaining genomic
stability in response to the assault of environ-
mental carcinogens that causes DNA damage.
If left unrepaired, such DNA damage can lead
to mutation fixation and initiation of carcino-
genesis. At present, there are at least five
known major DNA repair pathways, including
more than 150 human DNA repair genes,
among which the nucleotide-excision repair
(NER) pathway is the most versatile and is par-
ticularly significant in association with cancer

risk [3]. It has been reported that high levels of
damaged DNA and deficient repaired DNA are
associated with breast cancer [4, 5].

Excision repair cross-complementing rodent
repair deficiency, complementation group 5
(ERCCDH) is an important member of a family of
enzymes that includes the DNaselV/flap struc-
ture-specific endonuclease 1 (FEN1) group of
structure-specific nucleases, which function in
NER [6]. Recently, genetic polymorphisms of
genes involved in multiple biological pathways,
including DNA repair, have been identified as
potential risk factors for breast cancer [7].
Certain studies have additionally reported the
association between ERCC5 and risk of breast
cancer [8, 9], but the results are inconsistent.

Therefore, we hypothesized that polymorphisms
in the ERCC5 gene are associated with the risk
of breast cancer. To test this hypothesis, a
case-control study of 325 patients with breast
cancer and 325 controls were conducted to
evaluate the association between ERCC5 poly-
morphism and breast cancer risk.
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Table 1. Clinicopathological characteristics of the patients and con-

cases, clinical and patholog-

trols ical information were collect-
Characteristics Cases %  Controls %  x2test Pvalue ed from the medical records.
Age SNPs selection and geno-
<50 156 479 164 504 typing
>50 169 52.1 161 49.6 0.39 0.53
Menopause Genomic DNA was isolated
No 255 78.6 199 61.2 from 5 ml peripheral blood
Yes 70 214 126 388 2291 <0.05  of each blood sample, using
Age at menarche the TIANGEN DNA Blood
>15 93 286 107 328 142 023  CO. LD, Beijing, China)
Age at first live birth, years accordlr?g to the manufac-
No 33 103 18 5.6 turer’s instructions. ERCC5
<30 106 325 137 41 rs1047768, rs2094258, rs-
) ) 2296147, rs751402 and
>30 186 572 170 523 9.09 0.01 (s873601  polymorphisms
Tobacco smoking were genotyped, using po-
Never 299 921 314 96.7 lymerase chain reaction-
Ever 26 79 11 33 645 0.01 restriction fragment length
Alcohol drinking polymorphism  (PCR-RFLP)
Never 236 72.6 243 74.8 assay. PCR amplification
Ever 89 274 8 252 039 053 was performed in a mixture
Family history of cancer containing 100 ng genomic
No 206 91.2 314 96.5 DNA, 300 nM each primer,
Yes 20 88 11 35 863 0003 200 nM dNTPs, and 0.5U

Materials and methods
Study population

A hospital-based case-control study was con-
ducted. All subjects were genetically unrelated
Han Chinese females from Inner Mongolia
People’s Hospital. 325 patients who were newly
diagnosed with histopathologically confirmed
primary breast cancer were recruited from
Inner Mongolia People’s Hospital between
January 2011 and March 2014. 325 control
subjects were collected from health check cen-
ter of Inner Mongolia People’s Hospital, who
came to receive health examination in our hos-
pital. Control subjects who had any primary
tumors were excluded from our study. The con-
trol subjects were matched to cases by age (+ 5
years) and sex, and one control was matched to
one case. At recruitment, each participant was
scheduled for an interview once written
informed consent had been obtained.

Cases and controls were investigated by doc-
tors to obtain demographic parameters. For the
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Taq polymerase in PCR buf-
fer (TaKaRa Biotechnology
Co., Ltd, Dalian, China). The primers and probes
for PCR amplification were designed using
Primer 5.0 software (PREMIER Biosoft, Palo
Alto, CA). The reaction condition was as follows:
94°C for 4 min; 94°C for 30 sec, 60°C for 30
sec, 72°C for 30 sec with 35 cycles; 72°C for 7
min. Samples were coded for case-control sta-
tus, and at least 10% of the samples were ran-
domly selected and subjected to repeat analy-
sis as quality control for verification of
genotyping procedures. Some samples were
also confirmed by DNA sequencing analysis.
Two researchers independently reviewed all
genotyping results.

Statistical analysis

The differences in distributions of demograph-
ic, epidemiologic, and clinical variables as
well as genotypes between the two groups
were assessed using a x? test or Fisher exact
test. The Hardy Weinberg equilibrium for geno-
type distribution in the controls was tested by
a goodness-of-fit x? test. The association
between ERCC5 rs1047768, rs2094258,
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Table 2. Information of five SNPs in NER pathway

including age, menopause,

age at menarche, marital sta-
Base Hardy- MAF i

SNPs change SNP location Weinberg Inda- Incon- tus, age at fII’S.t pregnancy,
g Equilibrium tabase  trols topagco smoklr?g, . alcohol
rs1047768 T>C Exon 035 0241 0.269 S;'::g;g ?22 ffnz!{] h:tzgy g;

rs2094258 G>A Promoter 0.58 0.383 0.371 - g
patients and controls were
rs2296147 T>C 5’Upstream <0.05 0.201 0.238 51.4 + 8.3 and 49.8 + 9.1
rs751402 C>T Promoter 0.87 0.367 0.353 years old, respectively. No sig-
rs873601 G>A 3’Untranslated region 0.28 0.496 0.434 nificant differences were

Table 3. Association between ERCC5 polymorphisms and breast

found between cases and
controls in terms of age, age
at menopause and alcohol

cancer risk drinking. Compared with the
ERCC5 Cases %  Controls % OR (95% Cl)*  Pvalue control subjects, the breast
rs1047768 cancer cases were more likely
T 161 4954 171 52.62 1.0 (Ref.) to have earlier menarche age,
TC 140 43.08 134 4123 1.11(0.80-1.55) 0.52 lower age of first live birth,
cc 24 738 20 615 1.27(0.65253) 0.45 more tobacco smokers, and
1$2094258 more family history of cancer.
GG 102 31.38 131 40.31 1.0 (Ref.) The genotype distributions
GA 157 48.31 147 4523 1.37 (0.96-1.96) 0.07 of ERCC5 rs1047768, rs-
AA 66 2031 47  14.46 1.80(1.122.92) 0.01 2094258, rs751402 and
rs2296147 rs873601 were found to in
T 188 5785 199 61.23 1.0 (Ref.) line with Hardy-Weinberg
TC 104 3200 98 3015 1.12(0.79-1.60) 050  €quilibrium in the control
cc 33 1045 28 862 1.25(0.702.23) 0.42 group, while rs2296147 were
not (Table 2). The minor allele
rs751402 . :
frequencies (MAF) in controls
ce 128 3938 137 4215 1.0 (Ref.) of the six SNPs were similar to
cT 152 46.77 147 4523 1.11(0.781.56) 0.55 those in database (http://
™ 45 1385 41 1262 1.17(0.70-1.97) 0.52 www.ncbi.nim.nih.gov/snp).
rs873601
GG 99 3046 109 33.54 1.0 (Ref.) The genotype distributions of
GA 156 48.00 150 46.15 1.15(0.79-1.65) 0.45 six SNPs in ERCCS between
AA 70 2154 66 2031 1.17(0.74-1.84) 0.48 cases and controls are shown

1Adjusted for age, menopause, age at menarche, age at first live birth, tobacco

smoking, alcohol drinking, and family history of cancer.

rs2296147, rs751402 and rs873601 polymor-
phisms and risk of breast cancer were analyzed
using conditional logistic regression, and the
results were expressed using odds ratio (OR)
and their confidence intervals (Cl). All tests
were 2-sided, and probability values less than
0.05 were considered statistically significant.
Analyses were performed using SPSS 13.0
software (SPSS Inc, IL, USA).

Results
Clinical characteristics

Table 1 summarizes the clinicopathological
characteristics of the patients and controls,
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in Table 3. By logistic regres-
sion analysis, we found that
individuals with AA genotype
of rs2094258 was associated
with increased risk of breast cancer when com-
pared with wide-type genotype, and the OR
(95% CI) was 1.80 (1.12-2.92) for AA genotype.
However, no significant difference was found
between polymorphisms in rs1047768, rs229-
6147, rs751402 and rs873601 and breast can-
cer risk.

We further analyzed the association between
rs2094258 polymorphism and breast cancer
risk stratified by menopause, live birth, tobacco
smoking and family history of cancer (Table 4).
Individuals with GA + GG genotype of rs209-
4258 were significantly correlated with incre-
ased risk of breast cancer in tobacco smokers,
and the OR (95% Cl) was 7.35 (1.21-47.20).
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Table 4. Association between rs2094258 gene polymorphisms and clinicopathological characteris-

tics on the breast cancer risk

) Cases Controls OR (95% CI)*
Variables P value
GG GA + GG GG GA + GG GA + GG vs. GG
Menopause
No 83 172 81 118 1.42 (0.95-2.13) 0.07
Yes 19 51 50 76 1.77 (0.90-3.55) 0.08
Live birth
No 7 26 8 10 2.97 (0.71-12.40) 0.08
Yes 95 197 123 184 1.39 (0.98-1.97) 0.06
Tobacco smoking
Never 97 202 124 190 1.36 (0.96-1.92) 0.07
Ever 5 21 7 4 7.35 (1.21-47.20) 0.01
Family history of cancer
No 94 202 125 189 1.36 (0.96-1.92) 0.07
Yes 8 21 6 5 7.35 (1.21-47.20) 0.01

*Adjusted for age.

However, we did not find significant interaction
between rs2094258 polymorphism and meno-
pause, live birth and family history of cancer in
breast cancer risk.

Discussion

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. The
regulation of DNA repair is a vital factor in the
multistep process of carcinogenesis, and the
ERCC5 gene is a crucial part of the DNA repair
machinery. It has been observed that the SNPs
of ERCC5 are associated with the development
of certain cancers, including breast cancer
[10].

The ERCC5 polymorphism may result in a
defect in nucleotide excision repair, and the
role of insufficient DNA repair in carcinogenesis
has been extensively studies. For example, a
failure in DNA repair has been identified as a
risk factor for the development of many can-
cers [11-17]. Liang et al. assessed the associa-
tion between ERCC5 rs17655 polymorphism
and lung cancer risk, and found that ERCC5
rs17655 polymorphism may not contribute to
genetic susceptibility for lung cancer [11]. Lu et
al. reported the association between SNPs in
DNA repaired genes and risk of laryngeal can-
cer, and found that ERCC5 rs17655 polymor-
phisms are associated with increased risk of
laryngeal cancer, and that they confer more risk
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among smokers and drinkers [12]. Luo et al.
reported that association between DNA repair
genes and risk of glioma, and found that ERCC5
Asp1558His are associated with risk of this
cancer [14]. Duan et al. conducted a case-con-
trol study to assess the association between
ERCC5 polymorphisms and susceptibility to
gastric cancer, and they found that ERCC5
rs751402 and rs2296147 polymorphisms
were associated with increased gastric cancer
risk [15]. Zavras et al. suggested that there was
an association between rs751402 polymor-
phism and oral cancer risk [16]. However, a
meta-analysis reported the association be-
tween ERCC5 polymorphisms and cancer risk,
and did not find that ERCC5 polymorphism may
contribute to individual susceptibility to cancer
risk [17]. The results of these studies are incon-
sistent and came to a different conclusion. The
discrepancies between these studies may be
caused by differences in tumor types, study
design and populations.

Despite a growing number of epidemiologic
studies on the association of the DNA re-
paired gene polymorphisms with susceptibility
to brain tumors, four studies reported the sig-
nificant association between ERCC5 polymor-
phisms and breast cancer risk [18-21]. Kumar
et al. found that XPG Asp1104His polymor-
phism was associated with increased risk of
breast cancer [18]. However, other two studies
did not find significant association between
XPG Aspl104His polymorphism and breast
cancer risk [19, 21]. One meta-analysis with
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eight published articles suggested that XPG
Asp1104His polymorphism is not associated
with breast cancer risk [20]. Our study found
that rs2094258 polymorphism was associated
with breast cancer risk, but no previous study
reported similar results with ours. Therefore,
further large sample size studies are greatly
needed to confirm our results.

Genetic factors could interact with environmen-
tal factors in the pathogenesis of breast
cancer. NER may be an important pathway
modulating susceptibility to breast cancer,
since NER is the primary mechanism for the
repair of bulky and helical distorting DN adducts
generated by cigarette smoke [22-24]. NER pro-
teins can play an important role in repairing
some forms of oxidative damage, basic sites
and C-C mismatches [25-27]. Our study found
that rs2094258 polymorphism had interaction
with tobacco smoking in breast cancer risk,
which suggested that reduced efficiency of
NER could increase susceptibility to DNA dam-
age caused by cigarette smoke, and thus
increase the breast cancer risk in smokers.

There are two limitations in our study. First,
cases and controls were selected from one
hospital, and rs2296147 were not in line with
Hardy-Weinberg equilibrium. Selection bias
may be considered in our study. Second, smok-
ing and drinking behaviors were recalled by
participants, and information bias may be exist-
ed. Third, the sample size of this study is rela-
tively small, and small sample size may limit the
statistical power to find differences between
groups.

In conclusion, this study showed that ERCC5
rs2094258 polymorphism was associated with
breast cancer risk, especially in smokers.
Therefore, our study indicated that ERCC5
rs2094258 polymorphism may contribute to
the etiology of breast cancer. Further large
sample studies are greatly warranted to eluci-
date our finding.
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