MEDICAL CLINICAL RESEARCH

SCIENCE

. e-ISSN 1643-3750
MON TOR © Med Sci Monit, 2017; 23: 1999-2006
DOI: 10.12659/MSM.904156

Neceed. 20170390 Effect of GSTP1 and ABCC2 Polymorphisms on

publihec: aorronze Treatment Response in Patients with Advanced
Non-Small Cell Lung Cancer Undergoing
Platinum-Based Chemotherapy: A Study in a
Chinese Uygur Population

Authors’ Contribution: BCDG Zhi-Gang Han Department of Thoracic Oncology, Tumor Hospital Affiliated to Xinjiang Medical
Study Design A BCF Jie Tao University, Urumgi, Xinjiang, P.R. China
Data Collection B N .
Statistical Analysis C Bc Ting-ting Yu
Data Interpretation D ace Li Shan
Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author: Li Shan, e-mail: xjshanli@163.com
Source of support: This study was funded by grants from the Natural Science Foundation of Xinjiang Uygur Autonomous Region (No.2013211A074)

Background: Gene polymorphisms are associated with sensitivity to platinum drugs. This study aimed to investigate the poly-
morphisms of GSTP1 rs1695 locus and ABCC2 rs717620 locus, and the sensitivity of patients with advanced
non-small cell lung cancer (NSCLC) to platinum drugs in a Xinjiang Uygur population.

Material/Methods: The gene polymorphisms of GSTP1 rs1695 and ABCC2 rs717620 of Uygur NSCLC patients were assessed by
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The relationship between
the prognosis of advanced NSCLC Uygur patients and the gene polymorphisms of GSTPI rs1695 and ABCC2
rs717620 was analyzed using progression-free survival (PFS) and overall survival (OS) as the major outcome
indicators.

Results: The median PFS of patients with advanced NSCLC was 6.9 months and the OS of Uygur patients with advanced
NSCLC was 10.8 months. Kaplan-Meier survival analysis indicated that survival time of patients with GSTP1 AG
+ GG was significantly longer than in patients with AA gene (P<0.05), and survival time of patients with ABCC2
CT + TT was significantly longer than in patients with the CC gene (P<0.05).

Conclusions: Polymorphisms of GSTP1 rs1695 and ABCC2 rs717620 can be used to predict the outcomes of Uygur patients
with advanced NSCLC who have received platinum-based chemotherapy. Additionally, this information could
be used to guide the individualized treatment of Uygur patients with advanced NSCLC.
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Material and Methods

Morbidity and mortality from lung cancer are the highest of
all cancers worldwide. Non-small cell lung cancer (NSCLC) af-
fects 80% of all patients with lung cancer. In Xinjiang, China,
different cultural customs, dietary habits, genetic backgrounds,
and regional distributions lead to differences in the distribu-
tion of tumor diseases. However, research on Uygur patients
with lung cancer has been scarce. Recent studies indicate that
the incidence of lung cancer ranks sixth among malignant tu-
mors within the Uygur population [1]. According to results of
the ECOG1594 study, the combination of third-generation cy-
totoxic drugs with platinum drugs is the standard chemother-
apy for advanced NSCLC [2]. However, the sensitivity of NSCLC
patients to platinum drugs varies. Polymorphisms at lung can-
cer-related genes have a significant effect on lung cancer che-
motherapy. Such genes include those involved in DNA repair,
apoptosis, drug transport, and inflammatory signals.

Pharmacogenetics plays an important role in tumor chemo-
therapy. Prognosis of patients with NSCLC may be related to
their genetic background, individual chemotherapy response,
and tumor resistance to treatment. Drug resistance of tumor
cells to platinum drugs is the main reason for the variability
in chemotherapeutic effects.

Glutathione S transferase is an important cell defense sys-
tem and is involved in the detoxification of a variety of che-
motherapeutic agents, including platinum drugs. Glutathione S
transferase P1 (GSTPI) is one of the major isozymes of GSTs in
NSCLC, and is involved in the metabolism of anticancer drugs.
Single-nucleotide polymorphisms (SNPs) at its gene are asso-
ciated with lung cancer risk and survival [3,4]. ABCC2 is a pro-
tein that can transfer cisplatin (DDP)-glutathione conjugates
and pumps glutathione bound with platinum ions out of cells.
Up-regulated expression of ABCC2 can reduce the formation of
platinum-DNA adducts and promote DDP drug-resistant mu-
tant cells in the G2 phase. Consequently, the drug resistance
of tumor cells to platinum drugs is enhanced. However, chang-
es in amino acids caused by SNPs may attenuate this effect.

We speculated that polymorphisms of GSTP1 rs1695 and
ABCC2 rs717620 are associated with outcomes in Uygur pa-
tients with advanced NSCLC treated with platinum-based che-
motherapy. This study aimed to investigate the influence of
polymorphisms at GSTP1 rs1695 and ABCC2 rs717620 on plat-
inum-based chemotherapy in patients with advanced NSCLC
from the Uygur population in Xinjiang, with the ultimate goal
of providing guidance to individualized treatment of Uygur pa-
tients with advanced NSCLC.

Patients and samples

Eighty-four patients with advanced NSCLC undergoing chemo-
therapy in the Internal Medicine Department of the Affiliated
Tumor Hospital of Xinjiang Medical University from June 2011
to June 2014 were enrolled as the research subjects. Of the
59 men and 25 women, all had been pathologically diag-
nosed. Their median age was 61 years. There was a total of
22 cases of squamous carcinoma and 62 cases of adenocar-
cinoma. All patients were staged according to the 7th edition
of the American Joint Committee on Cancer Staging system.
Twenty-six cases were classified as IlIB stage and 58 as IV
stage. According to the physical condition rating criteria for-
mulated by the Eastern Cooperative Oncology Group (ECOG),
67 cases scored 0-1 and 17 cases scored 2. Characteristics of
the patients are shown in Table 1. All patients were confirmed
to have measurable tumor focuses on computed tomography
(CT) or positron emission tomography (PET)-CT. All patients
or their families signed informed consent forms. This study
was approved by the Ethics Committee of the Tumor Hospital
Affiliated to Xinjiang Medical University.

Chemotherapy regimen and therapeutic evaluation

All patients were treated with a joint chemotherapy regimen
of DDP combined with third-generation cytotoxic drugs. More
specifically, the DP regimen consisted of docetaxel 75 mg/m?,
d1+ DDP 30 mg/m?, d2-4; GP regimen, gemcitabine 1 g/m? d1,
d8 + DDP30 mg/m?, d2-4; PP regimen, pemetrexed 500 mg/m?,
d1 + DDP30 mg/m?, and d2-4. Three to 4 weeks constituted
1 cycle, and all patients were treated with at least 2 cycles.
Among the patients, 19 were treated with TP, 22 with GP, and
43 with PP. All patients underwent CT or magnetic resonance
imaging (MRI) after 2 cycles of chemotherapy to evaluate the
therapeutic effect according to the Response Evaluation Criteria
in Solid Tumors (RECIST 1.0).

DNA extraction and genotype analysis

Before chemotherapy, 3 mL of peripheral venous blood was
drawn from 84 patients with NSCLC into an ethylenediamine-
tetraacetic acid (EDTA) anticoagulant test tube. Following the
manufacturer’s instruction manual, a DNA extraction kit was
used to extract DNA, which was kept at —20°C. Polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP)
was used to determine genotypes of GSTP1 and ABCC2. The
PCR composition was a total volume of 15 pL, including 1.5 pL
10x Taq buffer, 0.2 pL positive primer, 0.2 pL negative primer,
0.4 pL dNTP, 0.1 pL Tag enzyme, and 11 pL dH,0. The PCR re-
action conditions were as follows: 95°C pre-denaturation for 5
min; 95°C for 30 s, 68°C for 45 s, and 72°C for 60 s, for a total

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Han Z.-G. et al.:
Effect of GSTP1 and ABCC2 polymorphisms on treatment response
© Med Sci Monit, 2017; 23: 1999-2006

Table 1. The characteristics of NSCLC patients.
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TP 19 226 of 20 cycles; 95°C for 30 s, 58°C for 30 s, 72°C for 40 s, for a
"""" G P22262 total of 20 cycles; 72°C extension for 7 min; and then held at
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4°C. The primer sequences are shown in Table 2. The amplified
Gt fragment sizes of GSTP1 rs1695 and ABCC2 rs717620 gene SNP

AA 48 571 were 383 bp and 139 bp, respectively. Electrophoresis detec-
""""""""""""""""""""""""""""""""""""""""""""""""""" tion was performed on 3% agarose gels, and the electropho-
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GG 11 13.1

ABCC2 Statistical analysis

,,,,,,, - SPSS 19.0 software was used for statistical analysis, and the

cT 17 20.2 rates were compared with the Pearson y? test. Theoretical fre-
TT """""""""""""""""""""""" 448 """"" quencies less than 5 were analyzed with the Fisher exact proba-

Table 2. PCR primer sequence.

bility method. The Kaplan-Meier method was utilized to calculate

Gene SNP Primer sequence

ABCC2 C-24T Positive primer: 5’-CCTGGACTGCGTCTGGATC-3’
717620 Reveseprimer:  S.GGIAGATAATICCTGTICCACTTTC
. GsTPt AM2G  Positveprimer  S-ATCCCCAGTGACTGIGIGTTGA-
195 Revesepimer  5-CGUACTIGGCTGGTIGATGTC
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progression-free survival (PFS) and overall survival (OS). A cumu-
lative survival function curve was drawn, and comparisons among
groups were performed with log-rank tests. The Cox proportional
hazards model was utilized to carry out the multiple-factor analy-
sis for patient prognosis. In all statistical tests, a two-sided P<0.05
was defined as a difference that was statistically significant.

Results

Genotype distribution frequency and Hardy-Weinberg
genetic equilibrium test

Of the 84 Uygur patients with advanced NSCLC, there were a
total of 48 with the AA genotype for the GSTP1 gene (57.1%),
25 with the AG genotype (29.8%), and 11 with the GG geno-
type (13.1%). A total of 63 patients had the CC genotype for
the ABCC2 gene (75%), 17 with the CT genotype (20.2%), and 4
with the TT genotype (4.8%). According to the Hardy-Weinberg
genetic equilibrium rule test, the P value was larger than 0.05,
which was consistent with genetic equilibrium of the popu-
lation. The data were collected from the same Mendel group,
and had good population representation, as shown in Table 3.

Progression-free survival (PFS)

The median follow-up period of the 84 patients was 15.5
months. According the calculation based on the Kaplan-Meier
method, the median PFS of the 79 patients was 6.9 months
(6.468-7.332 months, including 5 cases of censored data).

Polymorphism at GSTP1 rs1695 and PFS

The median PFS of patients with the AA genotype was 6.4
months (95% Cl: 5.877-6.923) and the median PFS of the pa-
tients with the AG and the GG genotypes was 7.5 months (95%
Cl: 6.734-8.266). According to the log-rank test, the difference
was statistically significant (y2=6.245, P=0.040), as shown in
Figure 3. The results of multi-factor Cox risk regression analy-
sis indicated many possible contributing factors (GSTPI geno-
type, age, stage, pathological type, ECOG score, sex, and chemo-
therapy regimen). Only the GSTP1I genotype was significantly
associated with the PFS of the patients (OR=2.295, 95% Cl:
1.332-3.954, P=0.003), as shown in Table 4.

Polymorphism at ABCC2rs717620 and PFS

The median PFS of patients with the CC genotype was 6.5
months (95% CI: 6.080-6.920), and the median PFS of pa-
tients with the CT and the TT genotypes was 7.9 months (95%
Cl: 7.184-8.616). According to a log-rank test, the difference
was statistically significant (x2=6.808, P=0.009), as shown in
Figure 4. The results of multi-factor Cox risk regression analysis
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indicated many possible contributing factors (ABCC2 genotype,
age, stage, pathological type, ECOG score, sex, and chemo-
therapy regimen). Only the ABCC2 genotype was significant-
ly associated with the PFS of the patients (OR=2.182, 95% ClI:
1.252-3.805, P=0.006), as shown in Table 5.

Gene polymorphism and 0S

Up to the final follow-up data, 4 cases among the 84 patients
with advanced NSCLC were lost during the follow-up period, and
the median follow-up period was 15.5 months. The median 0S
of the remaining 76 patients was 10.8 months (10.025-11.575
months), including 8 cases of censored data.

Polymorphism at GSTP1 rs1695 and OS

The median OS of patients with the AA genotype was 10.4
months (95% CI: 9.350-11.450), and the median OS of patients
with the AG and the GG genotypes was 11.8 months (95% Cl:
10.745-12.855). According to the log-rank test, the difference
was statistically significant (x2=5.862, P=0.016), as shown in
Figure 5. The results of multi-factor Cox risk regression analy-
sis indicated many possible contributing factors (GSTPI geno-
type, age, stage, pathological type, ECOG score, sex, and che-
motherapy regimen). Only GSTPI genotype was significantly
associated with the OS of the patients (OR=1.910, 95% Cl:
1.161-3.144, P=0.011), as shown in Table 6.

Polymorphism at ABCC2 rs1695 and OS

The median OS of patients with the CC genotype was 10.5
months (95% CI: 9.586-11.414), and the median OS of patients
with the CT and the TT genotypes was 12.4 months (95% Cl:
11.419-13.381). According to the log-rank test, the difference
was statistically significant (x2=5.683, P=0.017), as shown in
Figure 6. The results of multi-factor Cox risk regression analy-
sis indicated many possible contributing factors (ABCC2 gen-
otype, age, stage, pathological type, ECOG score, sex, and
chemotherapy regimen). Only the ABCC2 genotype was sig-
nificantly associated with the OS of the patients (OR=2.019,
95% Cl: 1.130-3.607, P=0.018), as shown in Table 7.

Discussion

With the continuous improvement in detection technology
and treatment, the tumor treatment model has evolved from
being guided by pathology to being guided by molecular de-
tection that enables precise targeting. Despite the numerous
therapeutic regimens, chemotherapy is still an indispensable
cornerstone in treating advanced NSCLC in the era of target-
ed medical treatment.
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Table 3. The Hardy-Weinberg genetic equilibrium test in NSCLC from Uygur.

Genotype Observation Prediction x? 4
GSTP1 rs1695 2.430 0.297
AA 48 43.5
AG 25 33.9
GG 11 6.6
ABCC2 rs717620 1.120 0.571
cc 63 60.7
CT 17 21.4
1T 4 1.9
100 5 100 .
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Figure 3. Kaplan-Meier curves of PFS stratified by patients with

Figure 4. Kaplan-Meier curves of PFS stratified by patients with
different numbers of risk alleles of GSTP1 rs1695.

different numbers of risk alleles of ABCC2rs717620.

Table 4. Multivariate Cox proportional hazards regression analysis.

95% ClI

VEUEL

At present, morbidity due to lung cancer is increasing worldwide
and also within the Uygur population. Studies have shown that
the EGFR gene, which has a high mutation rate among NSCLC
patients in Asia, is rarely mutated among Uygur patients with
NSCLC, with a mutated fraction of only around 7-17% [5]. This
leads to restriction in the use of EGFR-tyrosine kinase inhibitor

drugs within the Uygur population. Therefore, chemothera-
py plays an important role in the treatment of Uygur patients
with advanced NSCLC. However, there is a dramatic differ-
ence in the sensitivity of different individuals to chemotherapy
drugs, which may be due to genetic differences between the
metabolic enzymes and transporters that scavenge the drugs.
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Table 5. Multivariate Cox proportional hazards regression analysis.

95% Cl
Variable

Chemotherapy regimens 0.477 0.302 2.826 0.243 1.611 0.892 2.909
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Figure 5. Kaplan-Meier curves of OS stratified by patients with Figure 6. Kaplan-Meier curves of OS stratified by patients with
different numbers of risk alleles of GSTP1 rs1695. different numbers of risk alleles of ABCC2 rs717620.

Table 6. Multivariate Cox proportional hazards regression analysis.

95% Cl

VEUEL

Chemotherapy regimens 0.411 0.308 2.065 0.356 1.508 0.825 2.757

SNPs related to drug metabolism may also have a significant From all types of cancer tissues, GSTP1 is the most frequently
impact on the efficacy of chemotherapeutic agents. Therefore, expressed GSTs isozyme. The change of GSTPI rs1695 from
we hypothesized that polymorphisms at genes coding for drug- A to G alters the coded amino acid. Specifically, isoleucine at
metabolizing enzymes and drug transporters may affect the ef- the 105 locus is mutated into valine, decreasing the stability
ficacy of platinum-based chemotherapy for patients with cancer. and function of GSTP1 by 2-3 fold [6,7]. The ability of GSTP1
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Table 7. Multivariate Cox proportional hazards regression analysis.

Variable

Chemotherapy regimens

CLINICAL RESEARCH

95% ClI

to bind platinum is reduced, which further affects the efficacy
of platinum chemotherapy and patient prognosis.

Li et al. studied and reported the association between polymor-
phism at the GSTP1 gene and prognosis of patients with ad-
vanced gastric cancer who were treated with platinum-based
chemotherapy. Their results showed that the efficacy rate of
chemotherapy for patients with the GG genotype was higher
than that for patients with the AA and the AG genotypes. In
addition, the median and overall survival times of gastric can-
cer patients with the AG and the GG genotypes were signifi-
cantly longer than of those with the AA genotype [8]. Similar
findings were also reported in lung cancer, colorectal cancer,
and ovarian cancer [9-12].

Our previous research focusing on the GSTP1 gene polymor-
phisms of Uygur patients with advanced NSCLC and their sen-
sitivity to platinum-based chemotherapy found a significant
increase in the sensitivity of patients with the GSTP1 rs1695
mutant genotype to platinum drugs. Based on this previous re-
sult, we further investigated genetic polymorphisms and prog-
nosis of Uygur patients with advanced NSCLC who underwent
the platinum-based chemotherapy. According to the present
findings, the median PFS and median OS of patients with the
GSTP1 AG and the GG genotypes were significantly longer
than those of the patients with the AA genotype. Therefore,
we believe that polymorphism at the GSTP1 gene rs1695 lo-
cus can predict the efficacy of platinum-based chemotherapy
for Uygur patients with advanced NSCLC.

ABCC2 is also known as multidrug resistance-associated pro-
tein 2 (MRP2). It plays a very important role in the process of
drug absorption, distribution, and excretion, pumping sub-
stances out of the cell by active transport. Extensive domes-
tic and foreign studies focusing on NSCLC patients from dif-
ferent ethnic groups have verified that a mutant genotype in
the ABCC2rs717620 (C-24T) locus can improve the efficacy of

platinum-based regimens for the treatment of patients with
NSCLC and prolong their PFS and 0S [13,14].

In a previous study, we investigated the genetic polymorphisms
of ABCC2rs717620, rs2273697, and rs3740066, and the sen-
sitivity of platinum-based protocols among patients with ad-
vanced NSCLC. Our results indicated that gene polymorphism
at the ABCC2 rs717620 locus was associated with sensitivi-
ty to platinum drugs. Thus, the effective rate of chemothera-
py for patients with the ABCC2 CT and the TT genotypes was
higher than that of patients with the CC genotype. Based on
the results of this study, we further investigated the relation-
ship between the polymorphism at ABCC2 rs717620 and prog-
nosis of patients with advanced NSCLC treated with platinum-
based chemotherapy. Our results showed that the median
PFS and median OS of patients with the ABCC2 CT and the TT
genotypes were significantly longer than for those with the
CC genotype. This means that the ABCC2 gene polymorphism
can also be utilized to predict the sensitivity of Uygur patients
with advanced NSCLC to chemotherapy.

This study takes full advantage of the unique geographical
isolation of Xinjiang and studied the relationship between
GSTP1/ABCC2 gene polymorphisms and the outcomes of ad-
vanced NSCLC patients undergoing platinum-based chemo-
therapy. Our results indicate that the GSTPI and ABCC2 gene
polymorphisms are associated with the prognosis of Uygur
patients with advanced NSCLC who undergo platinum-based
chemotherapy. The treatment effects for patients with the
GSTP1 AG or the GG genotypes and patients with the ABCC2
CT or the TT genotypes were better, with longer survival time.

These genotypes may be used as indicators to predict the
effect of platinum drugs on NSCLC, to guide the individual-
ized use of platinum drugs, and even to achieve individual-
ized treatment. After accounting for multiple factors that un-
derlie tumors and for differences in gene polymorphism, race,
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nationality, and region, the influence of the GSTP1 and ABCC2
gene polymorphisms on chemotherapeutic effects and surviv-
al may be only one important factor to consider. In addition,
the small sample size of this study may have led to some se-
lection bias. The prognosis of patients with advanced NSCLC
may also be affected by other known or unknown oncogenes
and their polymorphisms. In future studies, a larger sample size
should be used and a variety of related gene polymorphisms
should be considered, with the goal of providing a more ac-
curate basis for the treatment and prognostication of Uygur
patients with advanced NSCLC.
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Conclusions

Polymorphisms at GSTPI rs1695 and ABCC2 rs717620 can
be used to predict the outcomes of Uygur patients with ad-
vanced NSCLC who have received platinum-based chemother-
apy. Additionally, this information might be used to guide indi-
vidualized treatment of Uygur patients with advanced NSCLC.
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