Genetic variability of XRCC1 influences the
treatment outcome of gastric cancer
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ABSTRACT. We aimed to investigate the role of XRCC1 codon 194
(Arg>Trp), 280 (Arg>His), and 399 (Arg>GIn) polymorphisms in response
to chemotherapy and the overall survival of gastric cancer patients. A total
of 172 patients were recruited for our study between January 2010 and
March 2012. Genotyping of the three XRCC1 codons was carried out by
restriction fragment length polymorphism polymerase chain reaction. By
logistic regression analysis, we found that the Trp/Trp genotype of XRCC1
194 (Arg>Trp) showed a stronger association with complete or partial
response to chemotherapy compared to the Arg/Arg genotype, and the
adjusted odds ratio (95%CI) was 0.17 (0.05-0.58). Moreover, the Trp/Trp
genotype was associated with a higher risk of death than that with the Arg/
Arg genotype based on multivariate Cox proportional hazard regression
analysis, and the adjusted hazard ratio (95%CI) was 4.08 (1.20-14.19). In
conclusion, we found that the XRCC1 194 (Arg>Trp) polymorphism was
correlated with a better response to chemotherapy and a low risk of death
in patients with gastric cancer.
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INTRODUCTION

Gastric cancer is the fifth most common malignancy in the world, after lung, breast,
colorectum, and prostate cancer. It is estimated that, in 2012, there were one million new cases
of gastric cancer worldwide. More than 70% of all the cases (677,000 cases) occur in developing
countries (456,000 in men, 221,000 in women), and 50% occur in Eastern Asia (mainly in China)
(International Agency for Research on Cancer, 2012). Gastric cancer can be successfully treated
if tumors are discovered at an early stage and surgically removed; however, most patients are
diagnosed at an advanced stage. Currently, systemic chemotherapy is the primary treatment option
for advanced gastric cancer, but the development of resistance is a major cause for the failure of
chemotherapy over time. The TNM stage (classifying the size of the primary tumor, involvement
of lymph nodes, and metastasis) and age of the patient both influence the prognosis, but the
treatment outcome of gastric cancer is highly variable across individuals. Genetic factors may
play a role in the prognosis of gastric cancer, and therefore, the identification of biomarkers is a
research priority.

X-ray repair cross-complementing group 1 (XRCC1) is an important member of the
base excision repair (BER) pathway, which plays a prominent role in both single-strand break
repair (SSBR) and BER (Lindahl and Wood, 1999). XRCC1 functions in complex with many other
components to repair DNA damage upon exposure to endogenous reactive oxygen species,
ionizing radiation, or alkylating agents (Thompson and West, 2000; Duell et al., 2001). Previous
experimental studies have reported that the BER pathway mainly removes non-bulky base adducts
produced by methylation, ionizing radiation, or oxidative damage (Duarte et al., 2005). XRCC1
interacts with ligase and poly (ADP-ribose) polymerase to efficiently repair DNA damage, including
platinum-based chemotherapy-induced damage (Xu et al., 2014). Three common SNPs have been
identified in XRCCA1, at codon 194 (Arg>Trp), 280 (Arg>His), and 399 (Arg>GlIn). In this study, we
investigate the role of these 3 SNPs in response to chemotherapy and the overall survival of gastric
cancer patients.

MATERIAL AND METHODS
Study subjects

A total of 172 gastric cancer patients were recruited from the Affiliated Hospital of Inner
Mongolia Medical University between January 2010 and March 2012. Patients with gastric
cancer were independently diagnosed by two histopathologists. The stage of gastric cancer
was classified according to the TNM stage system of the Union for International Cancer Control
and the American Joint Committee on Cancer. Patients were excluded if they had previously
received any targeted therapy, radiotherapy, chemotherapy, and/or intervention therapy for
gastric cancer. Patients provided informed written consent prior to enrollment and the study
was reviewed and approved by the Ethics Committee of the Affiliated Hospital of Inner Mongolia
Medical University.

Assessment of treatment outcome

After recruitment, all the patients received platinum-based chemotherapy.
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Demographic, clinical, and treatment parameters were collected from the medical records,
including information on gender, age, Lauren’s type, TNM stage, tumor size, and metastasis.
Response to chemotherapy was assessed according to the response evaluation criteria in
solid tumors (RECIST) (Therasse et al., 2000). Complete response (CR) and partial response
(PR) were combined as responders, and stable disease (SD) and progressive disease (PD)
were grouped as non-responders. Overall survival (OS) was used to evaluate the treatment
outcome of gastric cancer, and was calculated based on the date of assignment and either the
date of death, due to any cause, or of the last clinical follow-up. Patients follow-up occurred
every 4 weeks, either by telephone or at the clinic. The follow-up of the gastric cancer patients
was completed in March 2015.

DNA extraction and genotyping

Before receiving chemotherapy, 4 mL peripheral blood was taken from each patient,
and samples were stored at -20°C. The DNA was extracted from peripheral blood using the
Qiagen blood mini kit (Qiagen, Germany). The polymerase chain reaction (PCR) primers for
XRCC1 codons 194 (Arg>Trp), 280 (Arg>His), and 399 (Arg>GIn) were designed using the
Sequenom Assay Design 3.1 software (Sequenom Inc., San Diego, CA, USA). Genotyping of
XRCC1 codons 194 (Arg>Trp), 280 (Arg>His), and 399 (Arg>GIn) was carried out by restriction
fragment length polymorphism-PCR. The PCR was carried out as follows: 95°C for 5 min for the
initial denaturation, followed by 30 cycles of denaturation at 95°C for 30 s, annealing at 62°C
for 45 s, and extension at 72°C for 30 s, and a final extension at 72°C for 5 min. Additionally,
approximately 10% of the samples were randomly selected and retested, and the results were
100% concordant.

Statistical analysis

Frequencies were used to describe the distribution of categorical variables, while
median values and interquartile ranges were used for continuous variables. The role of genetic
polymorphisms in the response to chemotherapy was assessed by logistic regression analysis
and the results were determined by odds ratios (ORs) and their 95% confidence interval (Cl).
Multivariate Cox proportional hazard regression analysis was performed to analyze the association
between genetic polymorphisms in XRCC1 and OS of gastric cancer patients after adjustment for
confounding factors. OS was estimated using the Kaplan-Meier method, and all point estimates
were accompanied by 95%Cls. All tests were two-sided and P < 0.05 was considered statistically
significant. Statistical analysis was conducted using the SPSS 16.0 software package (SPSS Inc.,
Chicago, IL, USA).

RESULTS

The median age of the patients with gastric cancer included in this study was 69.30 + 11.57
years. Of the 172 patients, 58 (33.72%) were females and 114 (66.28%) were males. Clinically,
73 (42.44%) cases were of the intestinal type, 99 (57.56%) were diffuse. Ninety-eight (56.98%)
patients were at TNM stage 1111V, 90 (52.33%) had a tumor size 25 cm, and 110 (63.95%) showed
metastasis (Table 1).
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Table 1. Characteristics of gastric cancer patients.

Variables Number %
Mean age (years) 69.30 + 11.57

<65 72 41.86
265 100 58.14
Gender

Female 58 33.72
Male 114 66.28
Lauren's type

Intestinal 73 42.44
Diffuse 99 57.56
TNM stage

1-11 74 43.02
-1V 98 56.98
Tumor size

<5cm 82 47.67
25 cm 90 52.33
Metastasis

No 62 36.05
Yes 110 63.95

By the end of the follow-up, 116 (67.44%) patients showed CR and PR to chemotherapy,
while 56 (32.56%) patients showed SD and PD. The correlation between the XRCC1 194
(Arg>Trp), 280 (Arg>His), and 399 (Arg>GlIn) polymorphisms and the response to chemotherapy
is shown in Table 2. By logistic regression analysis, we found that the Trp/Trp genotype at
XRCC1 194 (Arg>Trp) was associated with a CR+PR to chemotherapy when compared with the
Arg/Arg genotype, and the adjusted OR (95%CI) was 0.17 (0.05-0.58). However, we did not find
a significant association between the 280 (Arg>His) and 399 (Arg>GIn) gene polymorphisms
and response to chemotherapy. We found that the Trp/Trp genotype were also associated with a
higher risk of death when compared with the Arg/Arg genotype by multivariate Cox proportional
hazard regression analysis, and the adjusted hazard ratio (95%Cl) was 4.08 (1.20-14.19) (Table
3). However, the XRCC1 280 (Arg>His) and 399 (Arg>GIn) polymorphisms were not correlated
with OS of gastric cancer.

Table 2. Association between XRCC1 194 (Arg>Trp), 280 (Arg>His), and 399 (Arg>GIn) gene polymorphisms and
response to chemotherapy.

Gene [ Total ] % [ CR+PR_] % | SD+PD | % [ OR(95%CI)' | Pvalue
XRCC1 194 (Arg>Trp)

Arg/Arg 81 47.09 62 53.45 19 33.93 1.0 (Ref.) -
Arg/Trp 74 43.02 48 41.38 26 46.43 0.57 (0.26-1.21) 0.11
Trp/Trp 17 9.88 6 517 11 19.64 0.17 (0.05-0.58) 0.001
XRCC1 280 (Arg>His)

Arg/Arg 88 51.16 62 53.45 26 46.43 1.0 (Ref.) -
Arg/His 66 38.37 43 37.07 23 41.07 0.78 (0.38-1.65) 0.48
His/His 18 10.47 11 9.48 7 12.50 0.66 (0.21-2.25) 0.44
XRCC1 399 (Arg>Glin)

Arg/Arg 125 72.67 87 75.00 38 67.86 1.0 (Ref.) -
Arg/Gin 31 18.02 20 17.24 11 19.64 0.79 (0.32-2.03) 0.59
GIn/GIn 16 9.30 9 7.76 7 12.50 0.56 (0.17-1.92) 0.28

'Adjusted for gender, age, Lauren’s type, TNM stage, and metastasis.

DISCUSSION

Itis well known that genetic factors may contribute to the individualized response of patients
to chemotherapy. XRCC1 serves as a scaffold factor in BER, for which functional polymorphisms
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Table 3. Association between XRCC1 194 (Arg>Trp), 280 (Arg>His), and 399 (Arg>GIn) gene polymorphisms and
overall survival of gastric cancer patients.

Gene [ Total % Event % Alive % HR (95%Cl)! P value
XRCC1 194 (Arg>Trp)

Arg/Arg 81 47.09 26 46.43 55 47.41 1.0 (Ref.) -
Arg/Trp 74 43.02 23 41.07 51 43.97 1.46 (0.69-3.09) 0.28
Trp/Trp 17 9.88 7 12.50 10 8.62 4.08 (1.20-14.19) 0.008
XRCC1 280 (Arg>His)

Arg/Arg 88 51.16 29 51.79 59 50.86 1.0 (Ref.) -
Arg/His 66 38.37 21 37.50 45 38.79 1.19 (0.56-2.50) 0.62
His/His 18 10.47 6 10.71 12 10.34 1.91 (0.58-6.04) 0.22
XRCC1 399 (Arg>GIn)

Arg/Arg 125 72.67 40 71.43 85 73.28 1.0 (Ref.) -
Arg/GIn 31 18.02 10 17.86 21 18.10 1.01 (0.39-2.50) 0.98
GIn/GIn 16 9.30 6 10.71 10 8.62 1.28 (0.35-4.18) 0.66

'Adjusted for gender, age, Lauren’s type, TNM stage, and metastasis.

have been identified. The XRCC1 194 (Arg>Trp) allele variant is a hot spot in the research of
XRCC1 polymorphisms, as it is linked with changes in DNA repair activity (Au et al., 2003). The
induction of DNA damage is very relevant in this context, as it affects the efficiency and toxicity of
platinum-based chemotherapy. In the present study, we found that XRCC1 194 (Arg>Trp) gene
polymorphisms may contribute to the response to chemotherapy and OS of gastric cancer patients.

The XRCC1 gene is located on chromosome 19913.2 and encodes a 633-amino acid
scaffold protein. XRCC1 functions in a complex with many other components to facilitate BER and
SSBR processes. Previous studies have reported the association between XRCC1 194 (Arg>Trp)
and platinum-based chemotherapy in several kinds of cancers, such as non-small cell lung cancer,
ovarian cancer, and cervical cancer (Cheng et al., 2009; Cui et al., 2012; Li and Li, 2013; Gu et al.,
2015). In a group of Chinese patients, Cui et al. (2012) found that the 194 C/C and 399 G/A + A/A
or 194 C/C genotypes were associated with an objectively worsened response to chemotherapy.
In contrast, Cheng et al. (2009) reported that XRCC1 194 (Arg>Trp) did not influence the response
of cervical cancer patients to platinum-based chemotherapy. Li and Li (2013) have reported a
significant association between the XRCC1 194 (Arg>Trp) polymorphism and the treatment
outcome of ovarian cancer. Gu et al. (2015) reported that genetic polymorphisms in the XRCC1
gene are correlated with a higher sensitivity to platinum-based chemotherapy in patients with non-
small cell lung cancer.

With respect to the association between gastric cancer and XRCC1 194 (Arg>Trp),
only three studies reported their association (Shim et al., 2010; Tahara et al., 2011; Zhang et al.,
2013). Zhang et al. (2013) reported that the XRCC1 194 (Arg>Trp) variant may act as a favorable
prognostic indicator of resected gastric cancer, especially in the diffuse-type. Tahara et al. (2011)
showed an association between XRCC1 codon 194 Trp and more aggressive biological gastric
cancer. Shim et al. (2010) studied a Korean population of gastric cancer patients and found that
the XRCC1 194 CT genotype was associated with poor OS, compared with the CC homozygotes.

While our study corroborates these previous findings, it has two important limitations.
First, there may be a selection bias, leading to an overestimation of the true size of the effects or
to spurious findings. Second, the sample size of patients with gastric cancer is relatively small,
which may limit the statistical power to find difference between the groups. Therefore, further large
sample-size studies are urgently needed to confirm these results.

In conclusion, we found that the XRCC1 194 (Arg>Trp) polymorphism was correlated with
a better response to chemotherapy and lower risk of death in patients with gastric cancer. Studies
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with a larger sample size are required to confirm the role of XRCC1 polymorphisms in the clinical
outcome of gastric cancer.
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