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Abstract: Genetic variability of DNA repair mechanisms influences chemotherapy treatment outcome of gastric can-
cer. We conducted a cohort study to investigate the role of ERCC1-ERCC2 gene polymorphisms in the chemotherapy 
response and clinic outcome of gastric cancer. Between March 2011 and March 2013, 228 gastric patients who 
were newly diagnosed with histopathology were enrolled in our study. Genotypes of ERCC1 rs11615, rs3212986, 
rs2298881 and ERCC2 rs3212986 were conducted by polymerase chain reaction restriction fragment length poly-
morphism (PCR-RFLP) assay. We found that individuals carrying TT genotype of ERCC1 rs11615 and CC genotype 
of ERCC1 rs2298881 were associated with better response to chemotherapy and longer survival time of gastric 
cancer. Moreover, individuals with AA genotype of ERCC2 rs1799793 were correlated with shorter survival of gastric 
cancer. In conclusion, ERCC1 rs11615, rs2298881 and ERCC2 rs1799793 polymorphism play an important role in 
the treatment outcome of gastric cancer.

Keywords: ERCC1, ERCC2, polymorphism, response to chemotherapy, overall survival, gastric cancer

Introduction

Gastric cancer is one of the common types of 
malignancies, ranking the fourth common 
malignancy and second leading cause of can-
cer deaths worldwide, and it is estimated that 
989,600 new cases and 738,000 deaths 
occurred every year [1]. In China, it is approxi-
mately 221,478 people killed by gastric cancer 
in 2012 [2].

Postoperative neoadjuvant chemotherapy sho- 
ws its effectiveness in improving survival time 
of patients with advanced gastric cancer. The 
5-fluorouracil (5-FU), Platinum-based chemo-
therapy and the folinic acid/5-FU/oxaliplatin 
(FOLFOX) combination has been regarded as 
main treatment agent for gastric cancer. 
However, patients showed different response 
to chemotherapies, hence showed different 
clinic outcomes. Previous studies found that 
genetic variations play roles in response to che-
motherapy and development of gastric cancer 
[3, 4].

DNA repair system could repair the damaged 
DNA induce by endogenous and/or exogenous 
factors, including therapeutic agents. Therefore, 
DNA repair mechanisms influence the develop-
ment of gastric cancer and treatment effect [5, 
6]. Nucleotide excision repair (NER) pathway is 
one of DNA repair mechanism pathways which 
maintains genomic integrity through removing 
DNA lesions or correcting the abnormal DNA 
structures, such as replication errors, inter-
strand adducts, oxidative DNA damage, and so 
on [7, 8]. The excision repair cross-complimen-
tary group 1 (ERCC1) and excision repair cross-
complimentary group 2 (ERCC2) are two impor-
tant endonucleases in the NER pathway, and 
both were located at chromosome 19. Previous 
studies have reported that ERCC1 and ERCC2 
genetic variation can be a predictive marker for 
prognostic and response to chemotherapy for 
patients with non-small cell lung cancer (NSCLC) 
[9], colorectal cancer [10] and osteosarcoma 
[11]. However, only few studies have reported 
the effect of ERCC1 and ERCC2 expression on 

http://www.ijcep.com


DNA repair genes and gastric cancer

4107 Int J Clin Exp Pathol 2015;8(4):4106-4112

clinical outcome of patients with gastric cancer 
treated with FOLFOX chemotherapy [12]. 
Therefore, we conducted a cohort study to 
investigate the association between ERCC1-
ERCC2 gene polymorphisms and chemothera-
py response, as well as clinic outcome of gas-
tric cancer.

Patients and methods

Patients

Between March 2011 and March 2013, 228 
gastric patients who were newly diagnosed with 
histopathology were enrolled in our study from 
the Affiliated Renmin Hospital of Inner Mongolia 
Medical University. Those patients who had 
recurrent tumors, pregnant, breast feeding, 
had organ failure and been treated elsewhere 
before were excluded. This study was approved 
by the ethic committee of our hospital. All the 
patients included were followed up until 
December 2014, with follow-up time ranged 
from 11 to 40 months (median: 28.6 months). 
All patients were followed up by telephone or 
attending clinics every month until death or the 
end of study.

Assessment of treatment outcome

All the patients received FOLFOX chemotherapy 
until unacceptable toxicity or progressive dis-
ease presented. Demographic and clinical 
information of included subjects were obtained 
from the medical records. Tumor response was 
evaluated by World Health Organization (WHO) 
criteria [13], patients with complete response 
(CR) or partial remission (PR) were regarded as 
good responder, and patients with stable dis-
ease (SD) and progressive disease (PD) were 
considered as poor responder. The overall sur-
vival (OS) was calculated from the date of the 
first time of treatment to the date of death or 
last contact follow-up.

Blood samples and genotyping

Each patient agreed to provide 5 ml peripheral 
blood after enrolling into our study. The blood 
samples were kept in -70ºC before use. The 
potential gene SNPs were selected from the 
National Center for Biotechnology Information 
(NCBI) dbSNP database. Genomic DNA was iso-
lated from blood sample using the QIAamp DNA 
Blood Mini kit (Qiagen, Valencia, CA) according 
to the manufacturer’s instructions. Genotypes 
of ERCC1 rs11615, rs3212986, rs2298881, 
and ERCC2 rs3212986 and rs1799793 were 
conducted by polymerase chain reaction 
restriction fragment length polymorphism 
(PCR-RFLP) assay. Probes and primers for 
ERCC1 rs11615, rs3212986, rs2298881, and 
ERCC2 rs13181 and rs1799793 were design- 
ed by Sequenom Assay Design 3.1 software 
(Sequenom®) according to the manufacturer’s 
instructions. The PCR cycling was done at 50°C 
for 2 min, 95°C for 10 min, 94°C for 20 s, and 
then 62°C for 60 s for 35 cycles. 5% of blood 
samples were randomly selected to maintain 
genotyping quality, and the results of repeated 
samples showed 100% concordant.

Statistical analysis

Continuous variables were shown as the mean 
± standard deviation (SD) and analyzed by stu-
dent t test. Categorical variables were express- 
ed as number (N) and percentage (%) and ana-
lyzed by χ2-test. Conditional logistic regression 
analysis were taken to calculate the associa-
tion between ERCC1 rs11615, rs3212986, 
rs2298881, ERCC2 rs13181 and rs1799793 
polymorphisms and response to chemothera-

Table 1. Demographic and clinical characteris-
tics of included patients
Characteristics Cases (N) Percent (%)
Gender
    Male 137 60.09
    Female 91 39.91
Age
    <60 106 46.49
    ≥60 122 53.51
TMN stage
    I or II 81 35.53
    III or IV 147 64.47
Histological type
    Intestinal 104 45.61
    Diffuse 88 38.60
    Other 36 15.79
Histological grade
    moderate 77 33.77
    Poor 139 60.96
    Unknown 12 5.26
Response to chemotherapy
    Good 139 60.96
    Poor 89 39.04
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py, and the results were expressed by Odds 
ratio (ORs) and 95% confidence interval (CI). 
The Cox proportional hazards model was taken 
to assess the association between four gene 
polymorphisms and prognostic by describing 
hazard ratio (HR) and 95% CI. The Kaplan-Meier 
method was used to estimate survival probabil-
ities. All analyses were conducted using the 
SPSS version 17.0 statistical software. Two-
tailed P values set at <0.05 used and regarded 
as statistically difference.

Results

Patients and clinical characteristics

The distributions of selected characteristics of 
included subjects were presented in Table 1. Of 
228 gastric cancer patients, 137 (60.09%) 
were male and 91 (39.91%) were female, and 
the mean age of subjects was 55.7±13.8 years 
old (ranging from 41 to 79 years old). 81 
(35.35%) patients presented TMN stage I or II 
and 147 (64.47%) with stage III or IV. The distri-
butions of histological type were 104 (46.61%) 

patients with intestinal carcinoma, 88 (38.60%) 
with diffuse carcinoma and 36 (15.79%) with 
other types. The distribution of histological 
types showed that 77 (33.77%) patients were 
moderate cases, 139 (60.96) were poor cases 
and 12 (5.26%) were unknown. For response to 
chemotherapy, 139 (60.96%) patients showed 
good response to chemotherapy and 89 
(39.04%) showed poor response to chemothe- 
rapy.

Association between DNA repaired gene poly-
morphisms and response to chemotherapy

139 gastric cancer patients showed good 
response to FOLFOX chemotherapy, with a 
response rate of 60.69%. In conditional logistic 
regression model, after adjusting for potential 
confounding factors, patients carrying TT geno-
type of ERCC1 rs11615 showed a significant 
higher respond rate than CC genotype, and the 
adjusted OR (95% CI) was 2.11 (1.03-4.72) 
(Table 2). Subjects carrying CC genotype of 
ERCC1 rs2298881 showed a higher respond 
rate than AA genotype, the adjusted OR (95% 

Table 2. Association between DNA repaired gene polymorphisms and response to chemotherapy in 
gastric cancer patients

Genotypes
Total 

frequencies 
N=228

Percent 
(%)

Good 
response 
N=139

Percent 
(%)

Poor 
response 

N=89

Percent 
(%)

Adjusted OR  
(95% CI)1

P 
value

ERCC1 rs11615
    CC 102 44.74 55 39.57 47 52.81 1.00 (ref) --
    CT 88 38.60 57 41.01 31 34.83 1.58 (0.90-2.84) 0.11
    TT 38 16.67 27 19.42 11 12.36 2.11 (1.03-4.72) 0.04
ERCC1 rs3212986
    CC 116 50.88 67 48.20 49 55.06 1.00 (ref) --
    CA 79 34.65 49 35.25 30 33.71 1.15 (0.62-2.01) 0.52
    AA 33 14.47 23 16.55 10 11.24 1.67 (0.71-3.80) 0.19
ERCC1 rs2298881
    AA 139 60.96 78 56.12 61 68.54 1.00 (ref) --
    AC 57 25.00 37 26.62 20 22.47 1.42 (0.74-2.71) 0.21
    CC 32 14.04 24 17.27 8 8.99 2.35 (1.11-5.60) 0.03
ERCC2 rs13181
    TT 136 59.65 86 61.87 50 56.18 1.00 (ref) --
    GT 78 34.21 46 33.09 32 35.96 0.85 (0.48-1.49) 0.53
    GG 14 6.14 7 5.04 7 7.87 0.57 (0.18-1.73) 0.32
ERCC2 rs1799793
    GG 121 53.07 79 56.83 42 47.19 1.00 (ref) --
    AG 92 40.35 54 38.85 38 42.70 0.77 (0.43-1.34) 0.32
    AA 15 6.58 6 4.32 9 10.11 0.37 (0.12-1.03) 0.06
1Ajusted for age, gender, tumor histology and TMN stage.
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Table 3. Association between gene polymorphisms and overall survival in gastric cancer patients

Genotypes Total frequencies 
N=228

Percent 
(%)

Death 
N=75

Percent 
(%)

Median survival 
time (months)

Log-rank 
P value

Adjusted HR  
(95% CI)1

P 
value

ERCC1 rs11615
    CC 102 44.74 40 53.33 24.3 0.003
    CT 88 38.60 27 36.00 28.9 0.69 (0.38-1.27) 0.16
    TT 38 16.67 8 10.67 31.4 0.40 (0.16-0.89) 0.03
ERCC1 rs3212986
    CC 116 50.88 44 58.67 26.3 0.224
    CA 79 34.65 23 30.67 28.1 0.69 (0.38-1.30) 0.23
    AA 33 14.47 8 10.67 29.2 0.59 (0.28-1.29) 0.20
ERCC1 rs2298881
    AA 139 60.96 53 70.67 23.2 0.045
    AC 57 25.00 17 22.67 27.6 0.70 (0.37-1.41) 0.25
    CC 32 14.04 5 6.67 32.7 0.33 (0.12-0.80) 0.02
ERCC2 rs13181
    TT 136 59.65 41 54.67 29.7 0.315
    GT 78 34.21 28 37.33 28.5 1.31 (0.73-2.36) 0.39
    GG 14 6.14 6 8.00 27.8 1.75 (0.57-5.40) 0.34
ERCC2 Rs1799793
    GG 121 53.07 33 44.00 33.4 0.016
    AG 92 40.35 33 44.00 28.1 1.52 (0.75-2.86) 0.20
    AA 15 6.58 9 12.00 25.5 3.86 (1.36-12.23) 0.01
1Ajusted for age, gender, tumor histology and TMN stage.

98881 and GG genotype of ERCC2 rs1799793 
had a longer overall survival time of gastric can-
cer (Figures 1 and 2). However, we found no 
association between ERCC1 rs3212986 and 
ERCC2 rs13181 polymorphisms and overall 
survival in gastric patients (Table 3).

Discussion

In the present study, we investigated the asso-
ciation between polymorphisms of ERCC1 and 
ERCC2 in NER pathways and treatment 
response or overall survival in gastric cancer 
patients treated with FOLFOX chemotherapy. 
We observed that TT genotype of ERCC1 
rs11615 and CC genotype of ERCC1 rs2298881 
were associated with better response to che-
motherapy when compared with TT genotype 
and AA genotype respectively, and these geno-
types could also influence the OS of gastric 
cancer patients. Moreover, patients with AA 
genotype of ERCC2 rs1799793 would suffer 
high risk of death when compared with GG 
genotype.

It is well known that the DNA repair machinery 
plays an important role in determining the effi-
ciency of DNA crosslinking agents [14], the NER 

CI) was 2.35 (1.11-5.60). However, the ERCC1 
rs3212986, ERCC2 rs13181 and ERCC2 
rs1799793 polymorphisms were not correlated 
with response to FOLFOX chemotherapy (Table 
2).

Association between DNA repaired gene poly-
morphisms and overall survival

During the follow-up time, 77 patients died 
from gastric cancer, and the survival rate is 
66.23%. By the Cox proportional hazards analy-
sis, after adjusting for potential confounding 
factors, we found that individuals carrying TT 
genotype of ERCC1 rs11615 showed a better 
prognosis when compare with CC genotype, 
and the HR (95% CI) was 0.40 (0.16-0.89) 
(Table 3). Subjects carrying CC genotype of 
ERCC1 rs2298881 were associated with decr- 
eased risk of death from gastric cancer (HR: 
0.33, 95% CI: 0.12-0.80), when compared with 
AA genotype. Moreover, we found a significant 
increased risk of death from gastric cancer 
among patients with ERCC2 rs1799793 AA 
genotype compared to GG genotype, and HR 
(95% CI) was 3.86 (1.36-12.23). By Kaplan-
Meier method, individuals with CC genotype of 
ERCC1 rs11615, CC genotype of ERCC1 rs22- 
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process is one of critical 
DNA repair mechanism wh- 
ich could maintain genomic 
integrity and repair many 
forms of DNA damage both 
in tumor and normal cells, 
including platinum DNA 
adducts [15], thus may 
influence susceptibility of 
tumor, response to chemo-
therapy and clinic out-
comes. ERCC1 and ERCC2 
gene polymorphisms are 
two important rate-limiting 
enzymes which been re- 
ported as potential predic-
tor for clinical outcomes of 
various cancers, such as 
non-small cell lung cancer 
[16], breast cancer [17], 
ovarian cancer [18] and 
gastric cancer [19].

ERCC1 have an important 
role in DNA damage recog-
nition. Previous studies on 
the association between 
ERCC1 rs11615, ERCC1 
rs2298881 and response 
to chemotherapy or OS 
were controversial. Lu et al. 
reported that ERCC1 rs- 
11615 and ERCC1 rs229- 
8881 are associated with 
response to chemotherapy 
and prognosis of gastric 
cancer patients, but in  
that study, carriers of the 
ERCC1 rs11615 TT and T 
allele had a marginally sig-
nificantly higher response 
rate to chemotherapy. How- 
ever, several previous stud-
ies indicated that ERCC1 
rs11615 CC had a higher 
response rate to chemo-
therapy not only in gastric 
cancer patients but also in 
non-small cell cancer, ovar-
ian cancer and colorectal 
cancer patients [4, 20]. Be- 
sides, a few studies found-
ed that ERCC1 rs11615 
and rs2298881 polymor-
phism was not associated 
with OS of gastric cancer 

Figure 1. Kaplan-Meier estimates of overall survival of gastric cancer with 
ERCC1 rs11615.

Figure 2. Kaplan-Meier estimates of overall survival of gastric cancer with 
ERCC1 rs2298881.
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[4, 17]. Our study also indicated that there was 
significant association between the ERCC1 
rs11615, rs2298881 polymorphism and 
response to chemotherapy and prognosis of 
gastric cancer. The differences of the results 
may be caused by the sample size, ethnic varia-
tion, and source of cases.

ERCC2 is also called xeroderma pigmentosum 
group D (XPD) gene, which was one of human 
transcriptional initiation factor (TFIIH) with ATP-
dependent helicase activity. The association 
between ERCC2 rs13181 and rs1799793 and 
clinic outcome have also been investigated in 
previous studies. Rzeszowska-Wolny J, et al. 
founded that ERCC2 rs13181 G allele and 
rs1799793 A allele were associated with lower 
NER capacity when compare with common gen-
otypes [21]. Li et al. conducted a study with 
360 gastric cancer patients, and found that 
ERCC2 rs1799793 AA genotype was associat-
ed with poor OS in gastric cancer patients [17], 
which is consistent with our findings.

There were several limitations should be con-
sidered in our study. First, selection bias may 
exist in our study, since cases were selected 
from one hospital. Second, although common 
functional SNPs were included in our analysis, 
but some other genetic variability of DNA repair 
mechanisms could also influence the response 
to chemotherapeutics and prognosis, which 
may have been missed, and need to be includ-
ed in further study. Third, the sample size of our 
study is relatively small, which may reduce the 
statistical power and lead to statistical bias. 
Therefore, further multicenter, large sample 
and multi ethnic studies are greatly needed to 
verify our results.

In conclusion, this study suggest that ERCC1 
rs11615, rs2298881 and ERCC2 rs1799793 
polymorphism in the DNA repair pathways can 
be used as a predictor of response to FOLFOX 
chemotherapy and clinical outcome of gastric 
cancer. In the future, these SNPs could contrib-
ute to identification of patients, less likely to 
achieve better response to FOLFOX chemother-
apy or better prognosis. Further multicenter 
studies involving various populations are 
essential to confirm our findings.
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