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Abstract: This study aimed to investigate the possible association between GSTP1, GSTM1, and GSTT1 polymor-
phisms and treatment outcome of advanced NSCLC. Between October 2009 and October 2011, a total of 308
patients of NSCLC on stage llIA, 1lIB or IV, treated with cisplatin-based chemotherapy were included. Polymerase
chain reaction-restriction fragment length polymorphism was used to genotype the GSTP1 and GSTM1, and GSTT1
polymorphisms. We found that the lle/Val and Val/Val genotypes of GSTP1 showed more CR+PR to chemotherapy in
advanced NSCLC when compared with lle/lle genotype, and the Ors (95% Cl) were 0.37 (0.18-0.71) and 0.15 (0.07-
0.38). The lle/Val and Val/Val genotypes of GSTP1 were associated with longer overall survival of advanced NSCLC
when compared with the lle/lle genotype (For lle/Val vs lle/lle, 37.63 + 2.01 months vs 30.25 + 2.06 months; for
Val/Val vs lle/lle, 39.84 + 3.36 months vs 30.25 + 2.06 months). In the Cox proportional hazards model, the lle/
Val and Val/Val genotypes significantly decreased risk of death from all causes in patients with advanced NSCLC,
and the HRs (95% Cls) were 0.51 (0.28-0.94) and 0.35 (0.16-0.78), respectively. We found that the GSTP1 polymor-
phisms might affect the clinical outcome of patients with advanced NSCLC, and our results could help us to facilitate
therapeutic decision for individualized therapy.
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Introduction

Lung cancer is a worldwide common malignan-
cy both among men and women, and this can-
cer arises from lung tissue and has become
one of the most common factor leading to
human deaths [1]. In 2012, lung cancer is the
first cause of death among people with malig-
nant tumors in China [2]. Statistics show that
morbidity for lung cancer is high and the 5-year
survival rate for lung cancer is approximately
14% [3]. Non-small cell lung cancer (NSCLC)
and small cell lung cancer are the two types for
lung cancer based on the histological charac-
teristics, in which NSCLC accounts for about
80% of lung cancer [4]. Although many treat-
ment methods including immune or medication
therapy, surgery and genetic therapy have
played crucial roles in NSCLC treatment, the
cure results still remain unsatisfactory due to
the unknown complicate pathogenesis of

NSCLC [5, 6]. TNM classification is the basis for
prognostic management of NSCLC; however, it
does not provide sufficient information about
biological tumor progression [7]. There is still
demanding for revealing biomarkers for
patients’ survival.

The human glutathione S-transferases (GSTs) is
one superfamily of dimeric phase Il metabolic
enzymes, and it plays an important role in the
cellular defense system [8]. It is reported that
the GSTs enzymes could detoxify chemothera-
peutic drugs or their metabolites by catalyzing
the reduction of these compounds through its
conjugation with glutathione. GSTul (GSTM1),
GST61 (GSTT1), and GSTnl (GSTP1) are three
common enzymes belonging to the GST super-
family. Allelic deletions in the GSTM1 and
GSTT1 genotypes are correlated with reduced
enzyme production [8]. Polymorphisms in
GSTP1 are associated with lower substrate-
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Table 1. Baseline characteristics of patients
with advanced NSCLC

Parameter Patients %
Age, years

<60 109 41.60

> 60 153 58.40
Gender

Female 85 32.44

Male 177 67.56
Tobacco smoking

Never 97 37.02

Ever 165 62.98
Family history of cancer

No 245 93.51

Yes 17 6.49
Histological types

Squamous Carcinoma 146 55.73

Adenocarcinoma 116 44.27
TNM stage

IIA and 1lIB 193 73.66

\% 69 26.34
Location

Left 109 41.60

Right 140 53.44
Other 13 4.96
Response to chemotherapy

CR+PR 171 65.27

SD+PD 91 34,73

specific catalytic activity. Therefore, polymor-
phisms in the GSTM1, GSTT1, and GSTP1
genes could alter the metabolism of chemo-
therapeutic drugs and modify the effectiveness
of therapy. Previous studies have reported that
GSTs polymorphisms could influence the effec-
tiveness of detoxifying cytotoxins generated by
cisplatin-based chemotherapy in several kinds
of cancers, including osteosarcoma, cervical
cancer and gastric cancer [9-11]. Previous
studies reported the GSTs polymorphisms and
prognosis of NSCLC, but the results are in con-
sistent [12-15]. Therefore, this study aimed to
investigate the possible association between
GSTP1, GSTM1, and GSTT1 polymorphisms
and treatment outcome of advanced NSCLC.

Material and methods
Patients

Between October 2009 and October 2011, a
total of 308 patients of NSCLC on stage IlIA, IlIB
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or IV, treated with cisplatin-based chemothera-
py were included. All the patients were patho-
logical- and radiological-based diagnosed by
stage llIA, IlIB or IV and inoperable NSCLC.
Patients who did not receive systemic antican-
cer chemotherapy previously, had severe com-
plications, including cardiovascular and pulmo-
nary diseases, bone marrow suppression, liver
and renal dysfunctions, and/or organ failure
and brain metastasis were excluded from our
study. Finally, 262 patients agreed to partici-
pate in the present study, and the participation
rate was 85.06%.

Chemotherapy

All patients received cisplatin-based combina-
tion 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. The objective tumor response was
assessed locally by the attending physician
using Response Evaluation Criteria in Solid
Tumors (RECIST) [16]. (RECIST 1.1) (Therasse
et al., 2000). Patients who showed complete
response (CR) and partial response (PR) to che-
motherapy were considered as responders,
and patients who, despite chemotherapy, pre-
sented stable disease (SD) or progressive dis-
ease (PD) characteristics, were regarded as
non-responders. NSCLC cancer patients were
subjected to chemotherapy at intervals of 3
weeks for up to six cycles, unless unacceptable
toxicity levels were reached, or in case of dis-
ease progression.

Follow-up

For long-term survival, overall survival (OS) was
defined as the period between the date of che-
motherapy and the data of death from any
cause. Patients with NSCLC were followed up
by return visit and telephone manners. Up to
the October 2014, patients with NSCLC were
followed up for 2.30-60 months with the medi-
an follow-up time of 31.16 months. A total of
251 cases were followed up, while 11 cases
lost follow-up.

DNA extraction and genotyping

Each patient with advanced NSCLC was asked
to provide 5 ml peripheral blood sample, and
the samples were stored in -20°C until use.
Genomic DNA was isolated from peripheral
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Table 2. Association between GSTP1, GSTM1 and GSTT1 polymorphisms and response to chemo-
therapy in advanced NSCLC

Genotypes Patients % CR+PR % SD+PD % OR (95% CI)* P value
GSTM1
Present 155 59.16 105 61.40 50 54.95 1.0 (Ref.) -
Null 107 40.84 66 38.60 41 45.05 0.77 (0.44-1.33) 0.31
GSTT1
Present 141 53.82 95 55.56 46 50.55 1.0 (Ref.) -
Null 121 46.18 76 44.44 45 49.45 0.82(0.48-1.41) 0.44
GSTP1
lle/lle 101 38.55 82 47.95 19 20.88 1.0 (Ref.) -
lle/Val 116 44.27 71 41.52 45 49.45 0.37 (0.18-0.71) 0.001
Val/Val 45 17.18 18 10.53 27 29.67 0.15 (0.07-0.38) <0.001
*Adjusted for age, sex and TNM stage.
The reaction for PCR was con-
0T = ,..jesm ducted at 95°C for 5 min for
; lleNal the initial denaturation, fol-
iy e e lowing 30 cycles of denatur-
_ o8 L Brrihra palusbel ation at 95°C for 30 s, anneal-
g L,i L ing at 59°C for 45 s, extension
B LT at 72°C for 30 s and final
,=: o LH L extension at 72°C for 5 mins.
s o b A 136, 480 and 215 bp ampli-
p LS. g FPPENANS cons represents the GSTP1,
£ . L Tt GSTT1 and GSTM1 genes.
2 L ’ The PCR-RFLP results were
3 Y, confirmed by sequencing of
the PCR amplified product
02 using Genetic Analyzer 3500,
Applied Biosystems (Molecu-
lar Medicine Lab, Department
N X . L) x X o of Biotechnology, Assam Uni-

Time (months)

Figure 1. Kaplan-Meier survival curves for overall survival of advanced

NSCLC by GSTP1 polymorphism.

blood lymphocytes using Qiagen blood mini kit
(Qiagen, Germany) by the manufacturer’s proto-
col. Polymerase chain reaction-restriction frag-
ment length polymorphism was used to geno-
type the GSTP1 and GSTM1, and GSTT1
polymorphisms. The primer sequences of
GSTM1 were 5-TTGGTTACTCCTGGTGAGATGTG-
3’ and 5-TCAGGCCATGATCCGGACGA-3. The
primer sequences of GSTT1 were 5-TTGG-
TTACTCCTGGTCACATCTC-3’ and 5-TCAGGCCA-
TCATGGCCACGA-3'. The primer sequences of
GSTP1 were 5-AGG GGA CCC CTC TAT CCC
AA-3" and 5’-TGA CCC GAG AACAAC GGG CT-3..
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versity, Silchar, India).

Statistical analysis

The demographic and clinical

data were shown as the mean
+ standard deviation (SD) or frequency (N) and
percentage (%). Association between GSTP1,
GSTM1, and GSTT1 polymorphisms and
response to chemotherapy were calculated by
computing the odds ratio (OR) and 95% confi-
dence intervals (95% CI) from multivariate
regression analysis. Survival curves were ana-
lyzed by the Kaplan-Meier method, and the
impact of the GSTP1, GSTM1, and GSTT1 poly-
morphisms on OS was assessed using the log-
rank test. Multivariable Cox proportional haz-
ards model was used to assess effect of the
GSTP1, GSTM1, and GSTT1 polymorphisms on
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Table 3. Association between GSTP1, GSTM1 and GSTT1 polymorphisms and OS of advanced NSCLC

Genotypes Patients %  Survival time P for Log-rank test Death % Alive % HR (95% Cl)* P
GSTM1
Present 155 59.16 35.16 + 1.72 96 60.76 59 56.73 1.0 (Ref.) -
Null 107 40.84 35.19+2.16 0.55 62 39.24 45 43.27 0.85(0.50-1.45) 0.52
GSTT1
Present 141 53.82 34.81+1.83 87 55.06 54 51.92 1.0 (Ref.) -
Null 121 46.18 35.58 + 2.00 0.07 71 4494 50 48.08 0.88(0.52-1.49) 0.62
GSTP1
lle/lle 101 38.55 30.25 +2.06 72 4557 29 2788 1.0 (Ref.) -
lle/Val 116 44.27 37.63+2.01 65 41.14 51 49.04 0.51(0.28-0.94) 0.02
Val/Val 45 17.18 39.84 + 3.36 <0.001 21 13.29 24 23.08 0.35(0.16-0.78) 0.004
1Adjusted for age, sex and TNM stage.
= a habit of tobacco smoking,
10 1 S 17 (6.49%) had a family his-
T Nl tory of cancer, 146 (55.73%)
Ll ) ~+=Present-censored .
9 = Null-censored were squamous carcinoma,
_ 087 l 116 (44.27%) were adenocar-
s LL\.L cinoma, 193 (73.66%) were
z LH IIA and 1lIB TNM stage, 69
= oo = (26.34%) were IV TNM stage,
s g 109 (41.60%) were at left
: g P lung, 140 (53.44%) were at
2 e right lung, 171 (65.27%)
E 4 " A“H-‘ifm showed CR+PR to chemother-
a3 apy and 91 (34.73%) showed
SD+PD to chemotherapy.
0.2
After adjustment for clinical
variables, the lle/Val and Val/
- : i i . i . Val genotypes of GSTP1
0 10 20 30 40 50 60 showed more CR+PR to che-

Time (months)

Figure 2. Kaplan-Meier survival curves for overall survival of advanced

NSCLC by GSTT1 polymorphism.

overall survival of advanced NSCLC in the pres-
ence of other potential predictive and prognos-
tic factors. P values < 0.05 with two-sided were
considered statistical differences. SPSS
Statistics (version 16.0, SPSS Inc., Chicago, IL,
USA) was applied for statistical analysis. Data
were performed by the statistical software.

Results

The demographic and clinical characteristics of
the advanced NSCLC patients are shown in
Table 1. There were 85 females and 177 males,
and their mean age was 66.12 + 10.32 years.
Of the 262 NSCLC patients, 165 (62.98%) had
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motherapy in  advanced
NSCLC when compared with
lle/lle genotype, and the Ors
(95% CI) were 0.37 (0.18-
0.71) and 0.15 (0.07-0.38),
respectively (Table 2). However, no significant
association was found between GSTM1 and
GSTT1 polymorphisms and chemotherapy to
chemotherapy in advanced NSCLC.

Until the end of follow-up, a total of 158 patients
with NSCLC died from all causes, and the
5-years overall survival rate was 39.69%. The
lle/Val and Val/Val genotypes of GSTP1 were
associated with longer overall survival of NSCLC
when compared with the lle/lle genotype (For
lle/Val vs lle/lle, 37.63 + 2.01 months vs 30.25
+ 2.06 months; for Val/Val vs lle/lle, 39.84 +
3.36 months vs 30.25 *+ 2.06 months) (Figure
1). In the Cox proportional hazards model, the

Int J Clin Exp Med 2015;8(11):20918-20924
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Figure 3. Kaplan-Meier survival curves for overall survival of advanced

NSCLC by GSTM1 polymorphism.

lle/Val and Val/Val genotypes significantly
decreased risk of death from all causes in
patients with advanced NSCLC, and the HRs
(95% Cls) were 0.51 (0.28-0.94) and 0.35
(0.16-0.78), respectively (Table 3). No signifi-
cant association was observed between
GSTM1 and GSTT1 polymorphisms and OS of
NSCLC (Figures 2 and 3).

Discussion

In the present study, we investigated the impact
of GSTP1, GSTM1, and GSTT1 polymorphisms
on the treatment outcome of advanced NSCLC
in a sample of Chinese population. Our findings
showed a significant association between
GSTP1 polymorphism and response to chemo-
therapy and OS of advanced NSCLC, and the
lle/Val and Val/Val genotypes decreased the
risk of disease progression and death from all
causes in comparison with the lle/lle genotype.
However, no significant association was found
between GSTM1 and GSTT1 polymorphisms
and response to chemotherapy and survival of
advanced NSCLC.

The isoenzyme of GSTs with the most over-
expression in cancer or precancerous tissues
is GSTP1 [17]. Polymorphisms in the GSTP1
results in sequence change of amino acid locat-
ed in site of 105 (lle105Val) of which the amino
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acid substitution changes the
volume and hydroliphobicity
of amino acid and thus
decreasing of enzymatic sta-
bility and catalytic capability.
The wild-type homogeneous
lle/lle has the highest enzy-
matic activities while the
mutant homogeneous Val/Val
has the lowest enzymatic
activities [17].

GSTM1

—Present
INull

—+- Present-censored
T Null-censored

Recently, several studies
have indicated that GSTP1
has association with chemo-
therapy outcome. The study
by Liu et al. showed the asso-
ciation between the gene
polymorphism and prognosis
of breast cancer patients, and
they found that the polymor-
phism of GSTP1 lle105Val is
associated with response to
chemotherapy and PFS and
OS of breast cancer patients, and this gene
polymorphism could help in design of individu-
alized therapy [18]. One meta-analysis con-
ducted by Pu et al. and pooled with six studies
involving 898 particpants, and reported that
GSTP1 polymorphism might influence the che-
motherapy response and overall survival of
osteosarcoma [19]. One study was conducted
in a Chinese population, and reported that the
gene polymorphism of GSTP1 have clinical
value for predicting the response to chemother-
apy for advanced gastric cancer [20].
Kumamoto et al. conducted a study in a
Japanese population, and they reported that
GSTP1 polymorphism may be useful markers
of colorectal cancer patients treated with
5-FU/oxaliplatin as first-line chemotherapy
[21]. The results of these studies reported
that GSTP1 polymorphism contributed to
chemotherapy sensitivity and prognosis of sev-
eral kinds of cancers.

For the association between GSTP1 polymor-
phism and NSCLC, many studies have reported
their association, but the results are inconsis-
tent [22-26]. Han et al. and Lv et al. conducted
studies in a Chinese population, and they
reported that GSTP1 polymorphism are corre-
lated with response to chemotherapy and have
prognostic value for NSCLC [22, 23]
Vlachogeorgos et al. conducted a study in a

Int J Clin Exp Med 2015;8(11):20918-20924
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Greek population, and they reported that
GSTP1 polymorphism may predict the response
to treatment and the survival of patients with
advanced NSCLC [24]. Lu et al. conducted a
study in a American population, and the report-
ed that GSTP1 may be associated with improved
survival among patients with advanced NSCLC
[25]. The above mentioned studies are in line
with our results. However, Kalikaki et al. did not
find significant association between GSTP1
polymorphism and treatment outcome of
advanced NSCLC [26]. The inconsistent results
may be caused by the differences in ethnici-
ties, source of patients and sample size.

We identified three limitations in our study.
First, patients were selected from a single hos-
pital, which might not be representative of the
general population. Second, other genetic poly-
morphisms might have influenced the treat-
ment outcome of advanced NSCLC in addition
to GSTT1, GSTM1 and GSTP1 polymorphisms.
Third, the sample size of this study was rela-
tively small, which could limit the statistical
power to identify the differences between
groups. Further studies with large sample sizes
are greatly needed to clarify the association of
glutathione S-transferases gene polymor-
phisms with the prognosis of advanced NSCLC.

In conclusion, we found that GSTP1 polymor-
phism might affect the clinical outcome of
patients with advanced NSCLC, and our results
could help us to facilitate therapeutic decision
for individualized therapy.
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