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ABSTRACT. Our study aimed to investigate the role of 2 ERCC5 
promoter SNPs (rs2094258 and rs751402) in the development of 
gastric cancer in the Chinese population. The present hospital-based 
case-control study consisted of 155 patients with gastric cancer and 246 
healthy controls recruited between March 2012 and December 2014. 
Genotyping for the rs2094258 and rs751402 polymorphic sites was 
carried out using polymerase chain reaction-restriction fragment length 
polymorphism. Statistical analyses were conducted using the SPASS 
version 16.0 software (SPSS, Inc., Chicago, IL, USA). As determined 
by the chi-square test, there was a significant difference in the genotype 
distributions of rs751402 between patients and controls (c2 = 6.74, P 
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= 0.03). By unconditional logistic regression analysis, we observed 
that the TT genotype in rs751402 was significantly associated with 
increased risk to gastric cancer as compared with the CC genotype, 
and the adjusted OR (95%CI) was 2.17 (1.15-4.09). Moreover, subjects 
carrying the T allele in rs751402 had elevated risk of developing 
gastric cancer when compared with those carrying the C allele, with 
an adjusted OR value (95%CI) of 1.47 (1.09-1.99). In conclusion, we 
suggest that the ERCC5 rs751402 gene polymorphism may influence 
the susceptibility to gastric cancer in the Chinese population.

Key words: ERCC5; Polymorphism; Gastric cancer; Chinese population

INTRODUCTION

Gastric cancer is a highly lethal form of cancer, and it is increasing in incidence 
worldwide (Shah and Kelsen, 2010). Intensive studies have focused on identification of gastric 
cancer-related genes (Lynch et al., 2005; Aung et al., 2006; Sun et al., 2013). Many transcription 
factors, such as caudal-related homeobox family genes, have been demonstrated to participate 
in gastric cancer tumorigenesis and progression (Sakakura et al., 2005; Li et al., 2009, 2014). 
However, the molecular pathogenesis of gastric cancer is not fully understood. Therefore, it is 
necessary to identify novel molecular targets involved in gastric cancer tumorigenesis.

Excision repair cross-complementing rodent repair deficiency, complementation group 
5 (ERCC5) plays an important part in the NER pathway. Currently, many epidemiologic studies 
have reported that genetic polymorphisms in the ERCC5 gene contributes to the development 
of laryngeal cancer, pancreatic cancer, colorectal cancer, uterine cervical cancer, breast cancer, 
and lung cancer (Liang et al., 2014; Na et al., 2015; Sun et al., 2015; Zeng et al., 2015; Zhao 
et al., 2015; Joo et al., 2016). Several studies have investigated the relationship between 
ERCC5 genetic polymorphisms and development of gastric cancer; however, the results were 
inconclusive (Hussain et al., 2009; Duan et al., 2012; He et al., 2012; Yang et al., 2012; Deng et 
al., 2014). In the present study, we investigated 2 promoter SNPs in the ERCC5 gene (rs2094258 
and rs751402), and their role in gastric cancer development in the Chinese population.

MATERIAL AND METHODS

Subjects

The present hospital-based case-control study consisted of 155 patients with gastric 
cancer as well as 246 healthy controls. All patients were genetically unrelated Han Chinese 
individuals. Patients who were newly diagnosed with histopathologically confirmed primary 
gastric cancer were recruited from the Second Affiliated Hospital of Xi’an Medical University 
between March 2012 and December 2014. Patients who had primary malignant tumors other 
than gastric cancer were also excluded from this study.

Control subjects were simultaneously recruited from other clinics, and were confirmed 
to be without gastric cancer via gastrointestinal endoscopy. All control subjects received health 
examination, and were confirmed to be without malignant tumor, digestive system disorders, 
as well as kidney and liver diseases.
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The mean ages of patients with gastric cancer and control subjects were 62.35 ± 8.30 
and 55.72 ± 10.64 years, respectively. In patients with gastric cancer, 44 (28.39%) subjects 
were females, 111 (71.61%) were males, 58 (37.42%) were people who smoked, and 66 
(42.58%) were people who drank. In the control subjects, 114 (46.34%) were females, 132 
(53.66%) were males, 80 (32.52%) were smokers, and 95 (38.62%) were drinkers.

Information regarding the demographic characteristics of patients and control subjects 
was obtained from face-to-face interviews using structured questionnaires. These demographic 
information included gender, age, body mass index, alcohol consumption, tobacco smoking, 
and family history of cancer. The clinical data included classification of tumor node metastasis 
(TNM) stages. A signed informed consent form was obtained from each participant prior to 
enrollment. This study was approved by the Ethical Board Committee of the Second Affiliated 
Hospital of Xi’an Medical University.

DNA isolation and genotyping of ERCC5

Each participant was asked to provide 5 mL peripheral venous blood sample, which 
was stored in ethylenediaminetetraacetic acid (EDTA)-treated tubes at -20°C. Genomic 
DNA was isolated from the blood sample via the QIAamp DNA Blood Mini Kit (QIAGEN, 
USA). Genotyping for rs2094258 and rs751402 polymorphic sites was carried out using 
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The 
forward and reverse primers for rs2094258 and rs751402 polymorphisms were designed using 
the Sequenom Assay Design 3.1 software (San Diego, CA, USA). PCR was carried out as 
follows: 95°C for 2 min, followed by 35 cycles of 94°C for 30 s, 65°C for 30 s and 72°C for 
45 s, and a final elongation was carried out at 72°C for 7 min. The resulting fragments were 
analyzed on a 2% agarose gel stained with ethidium bromide to determine the genotypes at 
both polymorphic sites.

Statistical analysis

Categorical data were analyzed via the c2 test, and continuous variables were 
analyzed using Student t-tests. The c2 test was also used to evaluate whether gene frequencies 
departed from the Hardy-Weinberg equilibrium (HWE) in control subjects, and to compare 
the differences between cases/controls or subgroups of categorical variables. To estimate the 
relationship between rs2094258 and rs751402 genetic polymorphisms and the development of 
gastric cancer, logistic regression analysis was carried out to calculate the adjusted odds ratio 
(OR) along with 95% confidence intervals (CI). Statistical analyses were conducted using the 
SPASS version 16.0 software (SPSS, Inc., Chicago, IL, USA). P < 0.05 was considered to be 
of statistical significant difference.

RESULTS

We found that patients with gastric cancer were comparable with control subjects in 
terms of body mass index (t = 1.09, P = 0.14), alcohol consumption (c2 = 0.62, P = 0.43), 
tobacco smoking (c2 = 1.01, P = 0.32), and family history of cancer (c2 = 1.51, P = 0.22) (Table 
1). Interestingly, as indicated by c2 tests and t-tests, we found a significant difference between 
patients and controls in terms of mean age (t = 6.59, P < 0.001) and gender (t = 12.84, P < 0.001).



4L.Q. Yang et al.

Genetics and Molecular Research 15 (3): gmr.15038364

Table 1. Demographic characteristics of study subjects.

Variables Patients (N = 155) % Controls (N = 246) % 2 or t-tests P value 
Mean age (years)            62.35 ± 8.30           55.72 ± 10.64 6.59 <0.001 
Gender       
Female 44 28.39 114 46.34   
Male 111 71.61 132 53.66 12.84 <0.001 
Body mass index (kg/m2)             24.56 ± 3.64            24.15 ± 3.71 1.09 0.14 
Alcohol consumption       
No 89 57.42 151 61.38   
Yes 66 42.58 95 38.62 0.62 0.43 
Tobacco smoking       
No 97 62.58 166 67.48   
Yes 58 37.42 80 32.52 1.01 0.32 
Family history of cancer       
No 142 91.61 233 94.72   
Yes 13 8.39 13 5.28 1.51 0.22 
TNM stage       
I-II 92 59.35     
III-IV 63 40.65     

 

The genotype distributions of rs2094258 and rs751402 between patients with 
gastric cancer and controls are shown in Table 2. In patients, 71 (45.81%), 74 (47.74%), 
and 10 (6.45%) carried the GG, GA, and AA genotypes, respectively; 49 (31.61%), 73 
(47.10%), and 33 (21.29%) carried the CC, CT, and TT genotypes, respectively. Using 
the c2 test, we found a significant difference in the genotype distributions of rs751402 
between patients and controls (c2 = 6.74, P = 0.03), but no significant difference was 
observed in the genotype frequencies of rs2094258 between the 2 study groups (c2 = 0.46, 
P = 0.79). Genotype frequencies of rs2094258 and rs751402 were at HWE in both the 
patients and the controls.

Table 2. Genotype distributions of rs2094258 and rs751402 in patients with gastric cancer and controls.

SNPs Patients (N = 155) % Controls (N = 246) % 2 test P value P for HWE 
In patients In controls 

rs2094258         
GG 71 45.81 121 49.19     
GA 74 47.74 111 45.12     
AA 10 6.45 14 5.69 0.46 0.79 0.11 0.08 
rs751402         
CC 49 31.61 103 41.87     
CT 73 47.10 111 45.12     
TT 33 21.29 32 13.01 6.74 0.03 0.55 0.81 

 

As analyzed by unconditional logistic regression analysis, we observed that individuals 
carrying the TT genotype in rs751402 showed increased risk to gastric cancer as compared 
with those carrying the CC genotype; the adjusted OR (95%CI) was 2.17 (1.15-4.09) (Table 
3). Moreover, subjects carrying the T allele at rs751402 had an elevated risk of developing 
gastric cancer as compared with those carrying the C allele; the adjusted OR (95%CI) was 
1.47 (1.09-1.99). However, no significant difference was observed between the rs2094258 
gene polymorphism and gastric cancer risk.
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1Adjusted for age and gender.

Table 3. Relationship between rs2094258 and rs751402 genotype polymorphisms and gastric cancer risk.

SNPs Patients (N = 155) % Controls (N = 246) % OR (95%CI)1 P value 
rs2094258       
GG 71 45.81 121 49.19 1.0 (Ref.) - 
GA 74 47.74 111 45.12 1.14 (0.73-1.76) 0.55 
AA 10 6.45 14 5.69 1.22 (0.46-3.12) 0.66 
Allele       
G 216 139.35 353 143.50 1.0 (Ref.) - 
A 94 60.65 139 56.50 1.11 (0.80-1.53) 0.53 
rs751402       
CC 49 31.61 103 41.87 1.0 (Ref.) - 
CT 73 47.10 111 45.12 1.38 (0.86-2.23) 0.16 
TT 33 21.29 32 13.01 2.17 (1.15-4.09) 0.01 
Allele       
C 171 110.32 317 128.86 1.0 (Ref.) - 
T 139 89.68 175 71.14 1.47 (1.09-1.99) 0.01 

 

DISCUSSION

In this study, we assessed the relationship between ERCC5 rs2094258 and rs751402 
polymorphisms and gastric cancer risk in a Chinese population. We observed that the TT 
genotype and the T allele of rs751402 are associated with an increased risk of gastric cancer 
in the Chinese population.

The regulation of DNA repair is an important factor in cancer pathology, and the 
ERCC5 gene is a crucial part of the DNA repair machinery. Previous studies have reported on 
the association between ERCC5 genetic polymorphisms and development of laryngeal cancer, 
pancreatic cancer, colorectal cancer, breast cancer, and brain cancer (Lu et al., 2014; Na et al., 
2015; Sun et al., 2015; Zhao et al., 2015; Geng et al., 2016; Wang et al., 2016). Na et al. (2015) 
conducted a study with 325 breast cancer patients and 325 control subjects of Chinese descent, 
and reported that ERCC5 rs2094258 may contribute to breast cancer susceptibility. In addition, 
Wang et al. (2016) revealed that rs751402 polymorphism may also influence susceptibility to 
breast cancer in the Chinese Han population. Similarly, Lu et al. (2014) indicated that ERCC5 
rs17655 polymorphism could influence the risk to laryngeal cancer. On the other hand, several 
other studies suggested that ERCC5 polymorphism is not associated with risk to cancers (Sun 
et al., 2015; Zhao et al., 2015; Geng et al., 2016).

The relationship between ERCC5 genetic polymorphisms and gastric cancer 
development has been investigated in several studies, but the results are inconsistent (Hussain 
et al., 2009; Duan et al., 2012; He et al., 2012; Yang et al., 2012; Deng et al., 2014). Hussain et 
al. (2009) revealed that rs751402 polymorphism was correlated with increased risk to gastric 
cancer in the Chinese population. Duan et al. (2012) also indicated that ERCC5 polymorphisms 
may alter the risk of developing gastric cancer, especially of the diffuse subtype. Similarly, 
Yang et al. (2012) reported that rs2094258 and rs2296147 polymorphisms may contribute to 
the risk of gastric cancer. He et al. (2012) conducted a case-control study with 1125 patients 
with gastric cancer and 1196 cancer-free controls, and reported that functional ERCC5 variants 
may contribute to the risk of gastric cancer. In our study, we observed that rs751402 genetic 
polymorphism plays an important role in the development of gastric cancer. The inconsistent 
results between studies may be due to differences in patient ethnicities, selection of study 
subjects, and sample sizes.
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In conclusion, we suggest that the ERCC5 rs751402 gene polymorphism could 
influence gastric cancer susceptibility in the Chinese population. Further studies are needed to 
confirm the results of our findings.
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