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ABSTRACT. We conducted a case-control study to investigate the role
of ERCC1 rs3212986 and ERCC2 rs13181 gene polymorphisms in the
development of breast cancer. Between March 2012 and March 2014, a
total of 242 newly diagnosed breast cancer patients with histopathologically
confirmed primary breast cancer and 242 healthy controls were recruited.
Genotyping of ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms
was carried out using polymerase chain reaction-restriction fragment
length polymorphism analysis. Unconditional logistic regression analyses
indicated that the TT genotype of rs3212986 was associated with a higher
risk of breast cancer compared to that associated with the GG genotype
(OR = 2.05, 95%CI = 1.13-3.78). In dominant and recessive models, we
found that the rs3212986 polymorphism was associated with increased
risk of breast cancer, and the ORs were 1.50 (95%CI = 1.03-2.18) and
1.74 (95%CI = 1.01-3.11), respectively. In summary, we found that the
ERCC1 rs3212986 polymorphism was associated with the development
of breast cancer.
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INTRODUCTION

Breast cancer is by far the most common cancer among women and the leading cause of
malignancy-related death in many countries. In 2012, 14.09 million people were newly diagnosed
with cancer worldwide and approximately 21% of them were diagnosed with breast cancer according
to the International Agency for Research on Cancer. It was also reported that breast cancer is the
fifth leading cause of cancer-related deaths in the world (6.4%) and accounted for nearly 200,000
deaths in developed countries. Sporadic forms of breast cancer account for approximately 95% of
all cases, and the development of breast cancer is caused by genetic and environmental factors
(Anderson, 1992; Claus et al., 1996; Martin and Weber, 2000; Robbins et al., 2010).

Efficient DNA repair is required for preventing the propagation of errors as well as for
maintaining genomic stability. The repair of DNA damage involves more than 130 genes and
several molecular pathways, including nucleotide excision repair (NER), base-excision repair,
homologous recombination, and non-homologous end joining (Popanda et al., 2004). Thus,
polymorphisms in DNA repair genes may cause defects in DNA repair, which may then influence
an individual’s susceptibility to cancer (Lunn et al., 1999). Excision repair cross-complementation
group 1 (ERCC1) and ERCC2 are two DNA repair genes whose products are important in NER,
and which lie on chromosome 19q13.3 (Smith et al., 2000). Recently, several studies have focused
on the association between ERCC1 and ERCC2 variants (rs3212986 and rs13181, respectively)
and breast cancer risks (Lee et al., 2005; Shen et al., 2006; Crew et al., 2007; Yang et al., 2013;
Pei et al., 2014). However, the results were inconclusive, which may be due to limited sample
sizes or ethnic differences in the study populations. Therefore, we conducted a case-control study
to investigate the roles of ERCC1 rs3212986 and ERCC2 rs13181 gene polymorphisms in the
development of breast cancer.

MATERIAL AND METHODS
Study participants

Between March 2012 and March 2014, a total of 275 newly diagnosed breast cancer patients
with histopathologically confirmed primary breast cancer were recruited from Sir Run Run Shaw
Hospital. In total, 242 patients agreed to participate into our study, and the participation rate was 88%.

Healthy subjects (N = 242) without breast cancer were randomly recruited from individuals
who came to receive regular health check-ups at the Sir Run Run Shaw Hospital between March 2012
and March 2014. The control subjects were matched with breast cancer patients by age (+ 5 years).

Demographic and clinical information of breast cancer patients and control subjects was
collected from a self-designed questionnaire and medical records, and included data such as age,
menopausal status, tobacco smoking, tumor size, clinical stage, estrogen receptor (ER) status,
and progesterone receptor (PR) status. All breast cancer patients and control subjects provided
signed written informed consent before enrolment into the study. The protocol of the current study
was approved by the Ethics Committee of Sir Run Run Shaw Hospital.

Genotyping

Peripheral blood samples (2 mL) were drawn from breast cancer patients and control
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subjects, and the blood samples were kept at -80°C until use. Genomic DNA was extracted from
the peripheral blood samples using the TIANamp Blood DNA Kit (Tiangen Biotech, Beijing, China).
After extraction, genotyping of ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms was carried
out using polymerase chain reaction (PCR) coupled with restriction fragment length polymorphism
(RFLP) analysis (PCR-RFLP). Primer sequences of ERCC1 rs3212986 and ERCC2 rs13181
polymorphisms were designed using the MassARRAY Assay Design 3.1 software (SEQUENOM,
San Diego, CA, USA). The reaction conditions were as follows: 94°C for 4 min; 35 cycles of 94°C
for 30 s, 60°C for 30 s, and 72°C for 30 s; and 72°C for 7 min.

Statistical analysis

Differences in demographic and clinical characteristics between breast cancer patients
and controls were analyzed by chi-squared (y?) tests. The distribution of genotypes of ERCC1
rs3212986 and ERCC2 rs13181 polymorphisms in controls was tested for deviation from Hardy-
Weinberg equilibrium. We used y? tests to examine differences in genotypic and allelic distribution
between breast cancer patients and controls. The odds ratios (ORs) and 95% confidence intervals
(Cls) were evaluated using logistic regression models adjusted for confounding factors. All statistical
analyses were performed using the SPSS statistical package software, version 16.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

The demographic and clinical characteristics of the breast cancer patients and controls
are shown in Table 1. No significant differences were found between breast cancer patients and
controls in terms of age, menopausal status, or tobacco smoking as determined by y? tests. Of the
242 breast cancer patients, 152 (62.81%) had tumor size 22.0 cm, 177 (73.14%) had clinical stage
of I-Il, 149 (61.57%) were ER positive, and 128 (52.48%) were PR positive.

Table 1. Demographic and clinical characteristics of breast cancer patients and controls.

Characteristic Patients (N) % Controls (N) % %2 test P value
Age, years

<50 106 43.80 107 44.21

>50 136 56.20 135 55.79 0.008 0.93
Menopausal status

Pre-menopausal 132 54.55 139 57.44

Post-menopausal 110 45.45 103 42.56 0.41 0.52
Tobacco smoking

Non-smokers 205 84.71 217 89.67

Ever-smokers 37 15.29 25 10.33 2.66 0.10
Tumor size

<2.0cm 90 37.19

>2.0cm 152 62.81

Clinical stage

1-1l 177 73.14

-1V 65 26.86

Estrogen receptor (ER) status

Negative \ 93 38.43

Positive | 149 61.57

Progesterone receptor (PR) status

Negative \ 115 [ 47.52

Positive | 128 | 52.48
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The genotype distributions of ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms
were found to be in Hardy-Weinberg equilibrium in the controls, and the P values for ERCC1
rs3212986 and ERCC2 rs13181 were 0.47 and 0.24, respectively (Table 2). However, we found
that there was a significant difference in the genotype distributions of ERCC1 rs3212986 between
breast cancer patients and controls (%2 = 6.88, P = 0.03). Unconditional logistic regression analyses
indicated that the TT genotype of rs3212986 was associated with an increased risk of breast cancer
compared to that of the GG genotype (OR = 2.05, 95%CI = 1.13-3.78). In dominant and recessive
models, we found that the rs3212986 polymorphism was associated with increased breast cancer
risk, and the ORs were 1.50 (95%CIl = 1.03-2.18) and 1.74 (95%CI = 1.01-3.11), respectively.
However, we did not find a significant association between ERCC2 rs13181 polymorphism and the
development of breast cancer in codominant, dominant, or recessive models.

Table 2. Associations between ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms and development of
breast cancer.

Genotype Patients (N) % Controls (N) % HWE Adjusted OR (95%Cl)’ P value
ERCC1 rs3212986

Codominant

GG 95 39.26 119 49.17 1.0 (Ref.) -
GT 106 43.80 98 40.50 1.35(0.91-2.03) 0.27
1T 41 16.94 25 10.33 0.47 2.05(1.13-3.78) 0.01
Dominant

GG 95 39.26 119 49.17 1.0 (Ref.) -
GT+TT 147 60.74 123 50.83 1.50 (1.03-2.18) 0.03
Recessive

GG+GT 204 84.30 217 89.67 1.0 (Ref.) -
1T 41 16.94 25 10.33 1.74 (1.01-3.11) 0.04
ERCC2 rs13181

Codominant

AA 92 38.02 106 43.80 1.0 (Ref.) -
AC 108 44.63 102 42.15 1.22 (0.81-1.83) 0.32
CcC 42 17.36 34 14.05 0.24 1.42 (0.81-2.51) 0.19
Dominant

AA 92 38.02 106 43.80 1.0 (Ref.) -
AC+CC 150 61.98 136 56.20 1.27 (0.87-1.86) 0.20
Recessive

AA+AC 200 82.64 208 85.95 1.0 (Ref.) -
CcC 42 17.36 34 14.05 1.28 (0.76-2.17) 0.32

'Adjusted for age, menopausal status, and tobacco smoking.

DISCUSSION

Breast cancer is caused by many environmental and genetic factors, such as exposure
to tobacco carcinogens, metallic compounds, and genetic polymorphisms. Genetic factors that
influence DNA damage repair capacity may be important endogenous factors influencing the
development of breast cancer. Specifically, polymorphisms in DNA repair genes can affect DNA
repair efficiency, and thus influence the development of breast cancer. In the present study, we
evaluated the role of ERCC1 rs3212986 and ERCC2 rs13181 polymorphisms in breast cancer
risk, and found that the ERCC1 rs3212986 polymorphism was associated with an increased risk of
breast cancer in a Chinese population.

Many epidemiologic studies have investigated the impact of the ERCC1 rs3212986
polymorphism in the risk of several cancers including glioma, breast cancer, lung cancer, and
colorectal cancer (Adel Fahmideh et al., 2014; Zhu et al., 2014; Hou et al., 2014). For example,
Adel Fahmideh et al. (2014) conducted a meta-analysis of 27 case-control studies and assessed
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the association between DNA repair gene polymorphisms and risk of glioma, and found that the
ERCC1 rs3212986 polymorphism may significantly increase the risk of glioma. Interestingly, Zhu
et al. (2014) conducted a meta-analysis of 16 case-control studies, which demonstrated that there
was no association between the ERCC1 rs3212986 polymorphism and lung cancer. However, Hou
et al. (2014) conducted a 1:1 matched case-control study in a Chinese population, and found that
the ERCC1 rs3212986 polymorphism was correlated with an increased risk of colorectal cancer.
Taken together, these previous findings suggest that the ERCC1 rs3212986 polymorphism has a
role in the development of certain cancers, which may be dependent on the study population.

Regarding the association between the ERCC1 rs3212986 polymorphism and breast
cancer development, five prior studies have reported on their association (Lee et al., 2005; Shen et
al., 2006; Crew et al., 2007; Yang et al., 2013; Pei et al., 2014). First, Lee et al. (2005) conducted
a study in a Korean population, and reported that the ERCC1 rs3212986 polymorphism was
associated with breast cancer risk. Pei et al. (2014) later found that the rs3212986 polymorphism
was associated with an increased risk of breast cancer in a Chinese population. However, some
inconsistencies have been reported. For example, Shen et al. (2006) demonstrated that the ERCC1
rs3212986 polymorphism could not predict the breast cancer development. Moreover, Yang et al.
(2013) did not find an association between the ERCC1 rs3212986 polymorphism and breast cancer.
In the current study, we found that the ERCC1 rs3212986 polymorphism was associated with an
increased risk of breast cancer in a Chinese population. The inconsistencies of the aforementioned
studies may be due to differences in ethnicities, selection of patients, and/or sample size.

There were two limitations in the present study. First, there may have been selection bias
due to the hospital-based design, although the age matching between patients and controls could
have reduced this bias. Second, the sample size of patients and controls was relatively small,
which may have limited the statistical power to find differences between the groups. Therefore,
studies with larger sample sizes are needed to confirm our results.

In summary, we found that the ERCC1 rs3212986 polymorphism was associated with the
development of breast cancer. Future studies with larger sample sizes may help to further elucidate
the impact of the ERCC1 rs3212986 polymorphism in the risk of breast cancer.
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