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Background: Glutathione S transferase P1 – an important member of the xenobiotic encoding enzymes, might contribute to the variability in 
individual susceptibility to lung cancer and may be important in exposure to carcinogens and therefore lung cancer development in smokers.
Objectives: This is a cross-sectional, randomized, case-control study for the evaluation of the frequency of GSTP1 alleles among patients 
with lung cancer. 
Subjects and methods: The study included 108 cases of lung cancer diagnosed patients (histopathological examination), and 123 healthy 
unrelated controls. GSTP1 genotyping was carried out using PCR amplification of relevant gene fragment, followed by restriction enzyme 
digestion. Detection of GSTP1 alleles was determined by analysis of resulting restriction fragment length polymorphism (RFLP), followed by 
gel electrophoresis. 
Results: Molecular analysis revealed an increased frequency of GSTP1 mutant genotype in the study group compared to the control group 
(X2 = 0.133, p = 0.049, OR = 1.726, CI = 1–2.977). It appears that the effect of the GSTP1 mutant allele may vary according to histological 
subtype. The polymorphic I105V allele of GSTP1 gene was associated with an increased risk of lung adenocarcinoma. 
Conclusions: GSTP1 polymorphism may be associated with increased risk to lung cancer and the homozygous Ile105Val genotype was 
found at a significantly higher frequency in the adenocarcinoma group.
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Introduction
Incidence and mortality from lung cancer in Romania 
have increased significantly during the last two decades 
and lung cancer remains the major cause of cancer related 
death in Romania, with more than 10,000 new cases diag-
nosed each year [1].

Although tobacco smoking is the major cause of lung 
cancer, individual genetic susceptibility modulates the risk 
of smoking-related lung cancer [2,3]. An interesting ap-
proach for evaluating the role of genetic influences of lung 
cancer is genetic polymorphism study, which could pro-
vide new evidence and explanations, and therefore answer 
the following question: "Why only some smokers develop 
lung cancer?” [4].

Several polymorphisms of enzymes involved in xeno-
biotic metabolism have been found to be associated with 
lung cancer risk development, but information regarding 
the role of GSTP1 genetic polymorphism and lung car-
cinogenesis is still incompletely understood [5,6].

Glutathione S-transferase P1 (GSTPi1) is a member of 
the GST phase II enzyme superfamily, with an important 
role in detoxification and metabolism of cytotoxic drugs 
and cigar smoke [7], given the fact that GSTP1 isoforms 
are mostly abundant in the lungs; it can be hypothesized 
to have a particular importance in the detoxification of in-
haled carcinogens, especially polycyclic aromatic hydrocar-
bons [8]. GSTP1 is responsible for more than 90% of the 

GST activity within the adult human lung epithelial cell 
population, the product encoded by GSTP1 mutant allele 
exhibits different activity, affinity and thermostability ac-
cording to the metabolized substrates [9]. 

GSTP1 has two polymorphic sites: one on exon 5, 
A1578G, which encodes for I105V, and another one on 
exon 6C2508T, encoding for A114V. Polymorphic allele 
A114 V has been reported to increase lung cancer risk 
among smokers [10], but in the case of A1578G polymor-
phic variant association with lung cancer risk has no ad-
equate scientific support in the literature [11,12,13]. 

In the present study, we wish to evaluate the hypothesis 
whether the genetic polymorphism Ile105Val of GSTP1 
gene is a marker for lung cancer susceptibility in the 
Northern Romanian population.

Material and method

1. Study population 
This is a cross-sectional, randomized case control study on 
108 patients with lung cancer and 123 cancer free controls. 
Lung cancer patients were recruited at the Leon Danielo 
Pneumology Hospital from Cluj-Napoca, Romania. Ran-
domly selected controls were recruited from Medical Clin-
ic I, Emergency Hospital Cluj. 

All of the subjects signed a written informed consent 
and each participant was personally interviewed by spe-
cialist physicians to obtain detailed information on general 
lifestyle and family history, associated pathology and, of 
course, tobacco use. 
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Primary lung cancer was confirmed in all cases by 
pathological examination of a lung tissue sample. We must 
specify that all patients included in the study are active 
smokers for more than 10 years. A sample of 2 ml of ve-
nous blood was collected from all patients.

2. Genotyping [14]
DNA was extracted from 300 μl peripheral blood samples 
using Wizard Genomic DNA Purification Kit (Promega, 
Madison, USA).

The GSTP1 Ile105Val polymorphism was detected us-
ing a PCR-RFLP method. The PCR primers were synthe-
sized by Eurogentec (Belgium): 

 – Forward primer: 
5`-ACCCCAGGGCTCTATGGGAA-3’;

 – Reverse primer:  
5’-TGAGGGCACAAGAAGCCCCT-3’.

A total amount of 100 ng genomic DNA was ampli-
fied in a total volume of 25 μl reaction mixture, containing 
reaction buffer of 1.5 nM MgCl2, 20 pmol of each primer, 
200 μm of each dNTPs and 0.5 units of Taq polymerase. 
Thermocycling was carried out according to the following 
conditions: initial denaturation at 95°C for 5 minutes, 30 
cycles of denaturation at 94°C for 30 seconds, primer an-
nealing at 55°C for 30 seconds, primer extension at 72°C 
for 30 seconds and then a final extension at 72°C for 5 
minutes.

The amplification products were digested with 5 units 
of BsmAI enzyme (Fermentas) for 12 hours and separated 
on a 3% agarose gel. The undigested 176bp fragment cor-
responding to wild type homozygous genotype (RR), com-
plete digestion to 91 and 85bp fragment for homozygous 
genotypes (QQ), while the presence of all three fragments 
(176, 91 85 bp) defines a distinct banding pattern, identi-
fying heterozygous genotypes (RQ).

For statistical analysis we used SPSS 18.0 for Windows 
(SPSS, Inc, Chicago, Il).

Results
There was no statistically significant difference in mean age 
and gender distribution between the cases and controls.

Molecular analysis of GSTP1 Ile105Val using the Fisher 
test by autosomal recessive model (mutant homozygous 
vs. heterozygous and normal homozygous), reveals no sta-
tistically significant differences between the study group 
compared to the control group (X2 = 0.030, p = 0.654, 
OR = 0.883, CI = 0.512–1.524). However, the autosomal 
dominant model (mutant homozygous and heterozygous 
vs. normal homozygous) shows a statistically increased fre-
quency of the mutant allele in the study group compared 
with controls (X2 = 0.133, p = 0.049, OR = 1.726, CI = 
1–2.977) (Table I).

We evaluated the risk for each of three major lung can-
cer subtypes: squamous cell carcinoma (79 cases, 73.14%), 
small cell carcinoma (15 cases, 13.88%) and adenocarci-
noma (14 cases, 12.96 %). The mutant variant of GSTP1 
Ile105Val polymorphism was associated with an increased 
risk of lung adenocarcinoma (p = 0.0063), as compared to 
other histological types of cancer. 

Another finding is that heterozygous RQ status is asso-
ciated with an increased risk for squamous cell carcinoma 
and small cell carcinoma as compared to the adenocarci-
noma histological subtype.

Discussions
Functional polymorphisms of GSTP1 have been studied as 
risk factors for lung cancer in the last two decades, but still 
there is insufficient data regarding the interaction between 
GSTP1 polymorphisms and cumulative exposure to smok-
ing and lung cancer risk.

The results of our study suggest that GSTP1 (Ile105Val) 
polymorphism is associated with lung cancer risk. Cur-
rent scientific evidence regarding the effects of the GSTP1 
polymorphisms on enzyme function and therefore the re-
lationship with lung cancer risk in smokers is quite con-
tradicting; other studies involving xenobiotic GSTP poly-
morphisms showed no relevant modifying effect on lung 
cancer risk [15]. Another recent study also highlighted 
that there is no correlation of the GSTP1 polymorphism 
and GSTM1 null genotype and the risk of lung cancer 
in a Brazilian population [16]. However, our results are 
in agreement with other studies that showed that there is 

Fig. 1. Electrophotetic analysis of GSTP1 gene Ile105Val polymor-
phism. Lane 1: 50bp DNA marker; lane 2, 8: RQ genotype; lane 3, 
6: RR genotype; lane 4,7: QQ genotype

Table I. Lung cancer risk evaluation for GSTP1 gene, Ile105Val 
polymorphism

Fisher test, dominant model

Genotype Χ2 p Odds 
ratio

95% CI

Inferior limit Superior limit

GSTP1 Ile105Val 0.133 0.049* 1.726 1.000 2.977

Fisher test, recessive model

Genotype Χ2 p Odds 
ratio

95% CI

Inferior limit Superior limit

GSTP1 Ile105Val 0.030 0.654  0.883 0.512 1.524



280 Cătană Andreea et al.

a correlation between GSTP1 polymorphic variants and 
lung cancer risk [17,18,19,20]. 

Our main finding is that the mutant allele of GSTP1 
(Ile105Val) seems to be associated with an increased risk of 
lung adenocarcinoma as compared to other histological 
subtypes. Few studies associated GSTP1 (Ile105Val) with 
certain lung cancer histological subtypes; a study on an 
Asian population highlighted an increased risk for lung 
squamous carcinoma for Q mutant allele carriers [21], 
while an other European study showed an increased risk 
for lung adenocarcinoma [22].

Conclusions
Our results suggest that GSTP1 105 (Ile105Val) polymor-
phism could influence the risk of lung cancer in Romanian 
patients and also the presence of the mutant allele increases 
the risk for lung cancer adenocarcinoma. Further studies 
including polymorphism of genes involved in the meta-
bolic activation or detoxification of cigarette smoke car-
cinogens are anticipated to improve the ability of identify-
ing individual genetic factors contributing to lung cancer 
susceptibility.
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