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Abstract: We investigated the association between the clinical outcome and GSTP1 and XRCC1 gene polymor-
phisms in advanced NSCLC patients with cisplatin-based chemotherapy. We prospectively recruited 325 NSCLC 
patients between January 2010 and January 2014. Genotypes of GSTP1 A313G, XRCC1 Arg194Trp, Arg280His and 
Arg399Gln were conducted using polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) 
assay. AG and GG genotypes of GSTP1 A313G were correlated with a higher CR + PR when compared with AA geno-
type. Furthermore, GA and AA genotypes of XRCC1 Arg399Gln were associated with more CR + PR when compared 
with GG genotype. In the Cox proportional hazards model, GG genotype of GSTP1 A313G was significantly correlated 
with a longer median survival time when compared with AA genotype, and it is associated with a heavy decreased 
risk of death from NSCLC. Moreover, GA and AA genotypes of XRCC1 Arg399Gln had a significantly longer median 
survival time, and GA and AA genotypes were significantly associated with a moderate reduced risk of death from 
NSCLC. GSTP1 A313G and XRCC1 Arg399Gln gene polymorphisms might influence the response to cisplatin-based 
chemotherapy and affect the clinical outcome of advanced NSCLC.
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Introduction

Lung cancer is one of the most common health 
problems worldwide [1]. It is estimated that 
80% of lung cancer is non-small cell lung can-
cer (NSCLC), and patients with NSCLC are usu-
ally diagnosed in an advanced stages, which 
leaves curable surgery impossible [2]. Although 
many clinical trials have demonstrated that 
patients with complete NSCLC resection also 
benefit from cisplatin-based adjuvant chemo-
therapy, the efficacy and toxicity are largely 
individual [3]. Numerous evidences revealed 
that treatment selections with tumor stage [4] 
or with pathology [5] can be affected by adju-
vant therapeutic regimens, and expression of 
molecular biomarkers for selection of patients 
also plays a crucial role in individual differenc-
es of cisplatin-based chemotherapy [6]. More- 
over, increasing evidences have reported that 

molecular markers do help physician to stratify 
the patients for treatment options and showed 
treatment benefit [7-10].

Glutathione S-transferase P1 (GSTP1) is one of 
the glutathione S-transferase class members, 
and is widely expressed in different human tis-
sues including lung and liver. It has an impor-
tant role in the phase II metabolism of xenobiot-
ics, and also has a role in the key process of 
cisplatin biotransformation [11]. GSTP1 A313G 
mutant alleles, causing an Ile to Val at codon 
105 of the substrate-binding site of GSTP1 pro-
tein, decrease the biotransformation activity of 
GST proteins, followed by increasing intracellu-
lar cisplatin-GSH-conjugates and inhibiting the 
metabolism of cisplatin [12, 13].

X-ray repair cross-complementing group 1 
(XRCC1) is a major member of base excision 
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repair pathway, which plays a prominent role in 
both single-strand break repair and base exci-
sion repair [14]. XRCC1 protein interacts with 
ligase and poly (ADP-ribose) polymerase to effi-
ciently repair DNA damage including cisplatin-
induced damage [15].

Previous studies have reported the role of 
GSTP1 and XRCC1 gene polymorphisms have 
an important role in influencing the clinical out-
come of NSCLC, but the results are inconsis-
tent [16-19]. Therefore, we investigated the 
association between the clinical outcome and 
GSTP1 and XRCC1 gene polymorphisms in 
advanced NSCLC patients with cisplatin-based 
chemotherapy.

Materials and methods

Study population

In this study, we prospectively recruited 325 
NSCLC patients from Affiliated Hospital of Inner 
Mongolia Medical University between January 
2012 and December 2014. All patients did not 
receive any anticancer therapies before sur-
gery and had adequate hematology, renal and 
liver function with the Eastern Cooperative 
Oncology Group (ECOG) performance status 0 
or 1. During and after adjuvant chemotherapy, 
the patients were routinely followed up every 
four weeks until death or the end of this study.

Chemotherapy

All participants received one of the following 
cisplatin-based combination chemotherapy 
regimen: cisplatin plus gemcitabine (GP), cispl-
atin plus vinorelbine (NP), cisplatin plus pacli-
taxel (TP), and cisplatin plus docetaxel (DP). 
The patients received a physical examination, 
computed tomography, and magnetic reso-
nance imaging before adjuvant chemotherapy. 
The chemotherapy was repeated at three-
weekly intervals for up to six cycles unless 
unacceptable toxicity, disease progression or 
patients’ refusal to continue treatment.

Clinical evaluation

The patients were required to complete at least 
two cycles of chemotherapy to evaluate treat-
ment response according to RECIST criteria 
[20]. The percentage of patients with complete 
response (CR) and partial response (PR) after 
treatment were considered as responders, and 

patients with stable disease (SD) and progres-
sive disease (PD) to chemotherapy were regard-
ed as non-responders. Overall survival (OS) was 
defined as the period between the date of che-
motherapy and the data of confirmed death 
from any cause.

DNA extraction and genotyping

Each patient with NSCLC was asked to provide 
5 ml peripheral blood, and the blood was kept 
at -70ºC until use. Genomic DNA was isolated 
from peripheral blood lymphocytes using the 
TIANamp Blood DNA Kit (Tiangen, Beijing, 
China) by the manufacturer’s protocol. Geno- 
types of GSTP1 A313G, XRCC1 Arg194Trp, 
Arg280His and Arg399Gln were conducted 
using Polymerase Chain Reaction Restriction 
Fragment Length Polymorphism (PCR-RFLP) 
assay (Applied Biosystems, Foster City, CA, 
USA). The positive and reverse primer sequenc-
es of GSTP1 A313G were 5’-ACCCCAGGG- 
CTCTATGGGAA-3’ and 5’-TGAGGGCACAAGAAG- 
CCCCT-3’, respectively; for XRCC1 Arg194Trp, 
the positive and reverse primer sequences 
were 5’-GCCAGGGCCCCTCCTTCAA-3’ and 5’- 
TACCCTCAGACCCACGAGT-3’, respectively; for 
XRCC1 Arg280His, the positive and reverse 
primer sequences were 5’-CAGTGGTGCTAAC- 
CTAATC-3’ and 5’-AGTAGTCTGCTGGCTCTGG-3’, 
respectively; for XRCC1 Arg399Gln, the posi-
tive and reverse primer sequences were 
5’-CAGTGGTGCTAACCTAATC-3’ and 5’-AGTAGT- 
CTGCTGGCTCTGGG-3’, respectively. The PCR 
reaction was performed in a 25 µL reaction 
solution, and it included 25 mM MgCl2, 200 μM 
primers, 2 mM 4×dNTP, 20 µM Primer and 5 U/
μl Taq DNA. PCR reaction was performed using 
the following conditions: beginning at 94°C for 
5 minutes, followed by 30 cycles of denatur-
ation at 94°C for 25 s, and annealing at 53°C 
for 40 s, with a final extension at 72°C for 6 
min.

Statistical analysis

The clinical information on efficacy and toxicity 
were compared across genotype, using χ2 tests 
for categorical variables and one-way analysis 
of variance for continuous variables. Survival 
curves were analyzed by the Kaplan-Meier 
method, and the impact of the SNPs on OS was 
assessed using the log-rank test. Meanwhile, 
baseline characteristics were adjusted in order 
to avoid potential confounding effects. The 



GSTP1 and XRCC1 polymorphisms and clinical outcome of advanced NSCLC

4115	 Int J Clin Exp Pathol 2015;8(4):4113-4119

association between response to chemothera-
py and GSTP1 A313G, XRCC1 Arg194Trp, 
Arg280His and Arg399Gln gene polymor-
phisms were described as odds ratio (ORs) and 
95% confidence interval (CI) in unconditioned 
Logistic regression. The prognostic value of 
GSTP1 A313G, XRCC1 Arg194Trp, Arg280His 
and Arg399Gln gene polymorphisms for the OS 
was estimated by multivariate analysis using 
the Cox proportional hazards models, describ-
ing as the hazard ratio (HR) and 95% CI. P val-
ues < 0.05 with two-sided were considered sta-
tistical differences. Data were performed by 
the statistical software SPSS Statistics (version 
19.0, SPSS Inc., Chicago, IL, USA).

Results

In this present study, the mean age of 325 
NSCLC patients were 57.6±12.4 years old, and 
116 (35.69%) patients were males and 209 
(64.31%) were females (Table 1). 222 (68.31%) 
patients were current or former smokers, and 
138 (42.46%) were at the TNM stage, 176 
(54.15%) were adenocarcinoma NSCLC and 
124 (38.15%) were squamous cell carcinoma 
(38.15%). There were 228 (70.15%) patients 
showed CR + PR to chemotherapy, and 97 
(29.85%) showed SD + PD to chemotherapy.

Genotype frequencies of GSTP1 A313G, XRCC1 
Arg194Trp, Arg280His and Arg399Gln gene 
polymorphisms were found to be in Hardy-
Weinberg equilibrium (P > 0.05). By uncondi-
tioned logistic regression, we found that GSTP1 
A313G polymorphism had a significant associ-
ation with response to chemotherapy, and AG 
and GG genotypes were correlated with a high-
er CR + PR when compared with AA genotype, 
and the Ors (95% CI) were 2.31 (1.35-3.95) and 
5.68 (1.61-30.46), respectively (Table 2). 
Furthermore, GA and AA genotypes of XRCC1 
Arg399Gln were associated with more CR + PR 
when compared with GG genotype, and the Ors 
(95% CI) were 1.97 (1.13-3.43) and 3.76 (1.52-
10.53), respectively.

At the end of follow-up, 125 patients died from 
all causes, and the five-year survival rate was 
38.46%. In the Cox proportional hazards model, 
GG genotype (34.50 months) of GSTP1 A313G 
was significantly correlated with a longer medi-
an survival time when compared with AA geno-
type (22.20 months), and it is associated with a 
heavy decreased risk of death from NSCLC (HR 
= 0.36, 95% CI = 0.11-0.98) (Table 3; Figure 1). 
Moreover, GA (26.50 months) and AA geno-
types (23.80 months) of XRCC1 Arg399Gln had 
a significantly longer median survival time when 
compared with GG genotype (35.70 months), 
and GA and AA genotypes were significantly 
associated with a moderate reduced risk of 
death from NSCLC (for GA genotype, HR = 0.49, 
95% CI = 0.29-0.83; for AA genotype, HR = 
0.17, 95% CI = 0.06-0.41) (Table 3; Figure 2).

Discussion

It is well known that patients with advanced 
NSCLC usually show an individual response to 
cisplatin-based chemotherapy, and increasing 
evidences suggest that genetic factors maybe 
play an important role in the individual response 
[21, 22]. Previous studies have reported that 
response to chemotherapy can be influenced 
by hereditary factors through increasing the 
cell activity of biotransformation, accumulation 
of intracellular cisplatin and the weakened 
capacity of DNA repairing [23-25]. In the pres-
ent study, we investigated whether polymor-
phisms of GSTP1 A313G, XRCC1 Arg194Trp, 
Arg280His and Arg399Gln could influence the 
response to chemotherapy and clinical out-
come of NSCLC, and we found that GG geno-
type of GSTP1 A313G and AA genotype of 

Table 1. Demographic and clinical character-
istics of included NSCLC patients

Characteristics Number of 
patients

Percent 
(%)

Age, years
    < 60 173 53.23
    ≥ 60 152 46.77
Gender
    Male 116 35.69
    Female 209 64.31
Tobacco smoking
    Never 103 31.69
    Current or former 222 68.31
TNM stage
    IIIB 138 42.46
    IV 187 57.54
Histology
    Adenocarcinoma 176 54.15
    Squamous cell carcinoma 124 38.15
    Other 25 7.70
Response to chemotherapy
    CR + PR 228 70.15
    SD + PD 97 29.85
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XRCC1 Arg399Gln were associated with better 
CR + PR to chemotherapy when compared with 
wide-type genotypes, and they are also associ-
ated with longer median survival time and an 
reduced risk of death from NSCLC.

It is well known that GSTP1 is a kind of phase II 
detoxification enzymes, which plays an impor-
tant role in the detoxification of cisplatin [26], 
and in vitro experimental studies reported that 
over expression of GSTP1 could reduce the 

Table 2. Association of GSTP1 and XRCC1 gene polymorphisms with response to cisplatin-based 
chemotherapy in NSCLC patients

Genotypes Total 
number

Percent 
(%)

CR + PR 
N = 228

Percent 
(%)

SD + PD 
N = 97

Percent 
(%) OR (95% CI)1 P value

GSTP1 A313G
    AA 148 45.54 88 38.60 60 61.86 1.0 (Ref.) -
    AG 149 45.85 115 50.44 34 35.05 2.31 (1.35-3.95) < 0.05
    GG 28 8.62 25 10.96 3 3.09 5.68 (1.61-30.46) < 0.05
XRCC1 Arg194Trp
    CC 169 52.00 115 50.44 54 55.67 1.0 (Ref.) -
    CT 116 35.69 83 36.40 33 34.02 1.18 (0.68-2.05) 0.53
    TT 40 12.31 30 13.16 10 10.31 1.41 (0.61-3.47) 0.39
XRCC1 Arg280His
    AA 211 64.92 146 64.04 65 67.01 1.0 (Ref.) -
    AG 87 26.77 62 27.19 25 25.77 1.10 (0.62-2.00) 0.72
    GG 27 8.31 20 8.77 7 7.22 1.27 (0.49-3.74) 0.6
XRCC1 Arg399Gln
    GG 151 46.46 92 40.35 59 60.82 1.0 (Ref.) -
    GA 126 38.77 95 41.67 31 31.96 1.97 (1.13-3.43) < 0.05
    AA 48 14.77 41 17.98 7 7.22 3.76 (1.52-10.53) < 0.05
1Adjusted for age, gender, tobacco smoking, TNM stage and histology.

Table 3. Association of GSTP1 and XRCC1 gene polymorphisms with overall survival of NSCLC pa-
tients

Genotypes Total  
Frequencies

Percent 
(%)

Death  
N = 125

Percent 
(%)

Median survival 
time (months)

Log-rank 
P value

Adjusted HR 
(95% CI)1 P value

GSTP1 A313G
    AA 148 45.54 64 51.20 22.20 < 0.05 1.0 (Ref.)
    AG 149 45.85 54 43.20 27.10 0.75 (0.46-1.22) 0.22
    GG 28 8.62 7 5.60 34.50 0.36 (0.11-0.98) 0.03
XRCC1 Arg194Trp
    CC 169 52.00 71 56.80 29.20 0.35 1.0 (Ref.)
    CT 116 35.69 41 32.80 31.40 0.75 (0.45-1.26) 0.26
    TT 40 12.31 13 10.40 32.50 0.74 (0.33-1.60) 0.42
XRCC1 Arg280His
    AA 211 64.92 87 69.60 33.10 0.22 1.0 (Ref.)
    AG 87 26.77 31 24.80 31.70 0.79 (0.45-1.36) 0.37
    GG 27 8.31 7 5.60 30.40 0.50 (0.17-1.30) 0.13
XRCC1 Arg399Gln
    GG 151 46.46 76 60.80 35.70 < 0.05 1.0 (Ref.)
    GA 126 38.77 42 33.60 26.50 0.49 (0.29-0.83) < 0.05
    AA 48 14.77 7 5.60 23.80 0.17 (0.06-0.41) < 0.05
1Adjusted for age, gender, tobacco smoking, TNM stage and histology.
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sensitivity to platinum age- 
nts in advanced NSCLC 
patients [27]. The polymor-
phism of GSTP1 A313G 
could alter the expression 
of GSTP1 and change the 
thermal stability and conju-
gation capacity of GSTP1, 
and the polymorphism of 
this gene could influence 
the ability to detoxify che-
motherapeutic agents and 
modulate drug responses. 
Therefore, enzyme activity 
with the GSTP1 A313G is 
more effective on cisplatin 
treatment than that with 
wild-type in vitro [28], but it 
is a controversy that the A 
or G allele would enhance 
clinical response of cis- 
platin-based chemothera-
py. One previous meta-
analysis regarding on the 
association between GS- 
TP1 A313G polymorphism 
and response to platinum-
based chemotherapy in 
NSCLC patients have point-
ed out that GSTP1 A313G 
polymorphism is significan- 
tly correlated with plati-
num-based chemotherapy 
in NSCLC patients [16], and 
another meta-analysis with 
nine studies also found 
that GSTP1 A313G poly-
morphism could predict the 
treatment response to plat-
inum-based chemotherapy 
in NSCLC patients [17]. Our 
study found GSTP1 A313G 
polymorphism was corre-
lated with response to cis-
platin-based chemotherapy 
and overall survival of ad- 
vanced NSCLC, which is in 
line with previous studies.

XRCC1 gene is located on 
chromosome 19q13.2, and 
it codes for a 633 amino 
acid residue protein as well 
as serves as a scaffolding 
protein in base excision 
repair. XRCC1 protein plays 

Figure 1. Overall survival time (months) in advanced NSCLC patients with 
GSTP1 A313G.

Figure 2. Overall survival time (months) in advanced NSCLC patients with 
XRCC1 Arg399Gln.
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an important role in a complex with many other 
components to facilitate BER and single-strand 
break-repair processes. Functional polymor-
phisms of XRCC1 have been identified. The 
XRCC1 Arg194Trp, Arg280His and Arg399Gln 
variants are the hot spot in the researches of 
XRCC1 polymorphisms, which especially links 
with the change of XRCC1 protein activity to 
impact DNA repair capacity [29]. DNA damage 
severity induced by cisplatin has relevance with 
the efficiency and toxicity of cisplatin-based 
chemotherapy. It is predicted that XRCC1 gene 
polymorpihsms affect the response to cisplat-
in-based chemotherapy. However, as the 
changes of DNA repair capacity caused by the 
SNPs of XRCC1 could take place in normal tis-
sue as well as tumor tissue, there existed differ-
ent results on the effect of XRCC1 polymor-
phisms. Currently, several studies reported the 
association between XRCC1 gene polymor-
phisms and clinical outcome of NSCLC [18, 19, 
30-32]. Ke et al. conducted a follow-up study 
with 460 cases, and found that XRCC1 
Arg194Trp and XRCC1Arg399Gln genes had a 
role in modifying the effect of platinum-based 
chemotherapy for NSCLC patients and were 
associated with longer survival time [30]. 
Another study conducted in a Chinese popula-
tion and showed that AA genotype of XRCC1 
Arg399Gln was associated with longer overall 
survival time of NSCLC [18]. However, some 
studies reported inconsistent results. One 
study with 352 NSCLC patients has indicated 
that no association was found between XRCC1 
gene polymorphisms and chemotherapy re- 
sponse and survival of patients with NSCLC 
[19]. The divergence in results from different 
studies on XRCC1 polymorphism may be relat-
ed to variation in ethnic origin of the studied 
population, sample size, carcinogenic expo-
sure, genotyping method and also by chance.

Our results suggest that GSTP1 A313G and 
XRCC1 Arg399Gln polymorphisms might influ-
ence the response to cisplatin-based chemo-
therapy and affect the clinical outcome of 
advanced NSCLC. These gene polymorphisms 
could contribute to identification of patients, 
and are more likely to achieve favorable 
response to cisplatin-based chemotherapy.
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