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BACKGROUND: Previous studies have suggested that
Glutathione S-transferase (GST) genotypes may play a role
in determining susceptibility to lung cancer, though the data
are often conflicting. In different ethnic groups variations in
null allele frequency has been observed.
AIMS: We aimed to evaluate whether genetic
polymorphisms of Glutathione S-transferase theta (GSTT1)
influence individual susceptibility to lung cancer in Turkish
population. We tried to clarify the frequencies of GSTM1
gene polymorphisms in a Turkish population.
METHODS: DNA samples, extracted from the whole blood
were amplified using polymerase chain reaction (PCR)
method in all of the 68 cases, composed of 31 previously
diagnosed lung cancer and 37 healthy controls.
RESULTS: The prevalence of GSTT1 null genotype in the
lung cancer patients was 29%, compared to 11% in control
group. GSTT1 null genotype was found to be higher in
cancer group compared to the control group, although it
was not statistically significant (OR = 3.37, 95% CI = 0.92–
12.32, P = 0.06). There was also no significant relation in
GSTT1 genotypes among histopathology types of lung
cancers. The frequency of GSTT1 was found to be 25.4%
(n = 952) when the studies of Turkish population were
reviewed.
CONCLUSION: It can be concluded that carrying the
GSTT1 null genotype may be accepted as a weak risk factor
for the susceptibility to lung cancer.
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Lung cancer is the most common malignancy and the
leading cause of cancer death in men world wide and
also the second most lethal cancer in women after breast
cancer.[1],[2] Active and passive smoking, various
occupational exposures, and carcinogens in heavily
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polluted air are reported to be related to lung cancer in
humans. These environmental carcinogens are strongly
influenced by individual susceptibility factors.[3] Several
genes related with the enzymes involved in metabolic
activation and detoxification of pulmonary carcinogens
such as polycyclic aromatic hydrocarbons (PAH) and
aromatic amines are known to be polymorphic in
humans. Individual differences in the ability to activate
and detoxify carcinogens are expected to affect the risk
of developing lung cancer.[4]

Polymorphisms in the genes, encoding phases-I and
-II xenobiotic metabolizing enzymes, have been shown
to be associated with susceptibility to lung cancer in a
number of epidemiologic studies.[5] However, most of
these studies are limited by lack of adequate statistical
power. To overcome this limitation, the international
collaborative study on genetic susceptibility to
environmental carcinogens (GSEC) has been initiated
in 1999 and is on-going to pool raw data of studies on
metabolic genetic polymorphisms and cancer risk.[6]

Environmental xenobiotics, especially cigarette smoke
contains several thousands of chemicals, of which about
50 compounds are known to be carcinogens, including
PAHs, aromatic amines, and N-nitroso compounds. Most
of these compounds are reported to be procarcinogens
activated by phase-I enzymes such as those encoded
by the CYP supergene family and converted into reactive
carcinogens in human body. All these reactive
carcinogens can bind to DNA and form DNA adducts
capable of inducing mutation and initiating
carcinogenesis.
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Glutathione S-transferase enzymes (GSTs) play an
important role in the cellular defense mechanism since
they are involved in the detoxification and the excretion
of environmental pollutants including many carcinogens
and also in protection against oxidative stress.[7],[8]

Glutathione S-transferase theta (GSTT1) null genotype
has been shown to be 11–18% in Caucasians.[9] No
relation between GSTT1 genotype and lung cancer risk
has so far been observed, but the presence of both
GSTM1 and GSTT1 null genotypes were reported to be
associated with increased lung cancer risk.[10],[11]

The risk of lung cancer is expected to be monitored by
genetic studies using specific biomarkers. Thus,
significant findings in specific gene polymorphisms may
explain the important mechanisms of susceptibility to lung
cancer and provide us the advantage of informing the
patients for the potential risks of being exposed to some
environmental factors (smoking, air pollution, food, drug,
etc.), which are important at least as much as our genetic
structure in cancer pathogenesis. Moreover, there may
be a chance of taking necessary medical precautions for
physicians in earlier stages of lung cancers.

The aim of the present study was to evaluate whether
genetic polymorphisms of GSTT1 influence individual
susceptibility to lung cancer in Turkish population. Thus,
we aimed at clarifying the frequencies of GSTM1 gene
polymorphisms in a Turkish population.

Materials and methods

Study subjects and sample collection

A total 68 subjects, composed of 31 lung cancer

patients who attended Yedikule Teaching Hospital for
Chest Diseases and Thoracic Surgery in Istanbul
between 2000 and 2002 and 37 health controls, were

included in this study. The sample size was chosen
according to detect any clinically significant difference
between the groups and also to the availability of costly

molecular methods. All cancer patients and controls
were born in Turkey. The control group had none of any
cancers or chronic diseases. The mean ages were found

to be 55 ± 10 (range 30–72) and 34 ± 11 (range 20–65)
in cancer group and healthy controls, respectively. About
28 patients in 31 lung cancer patients and 9 subjects in

37 cancer-free groups were smokers. This study was

approved by local hospital ethics committee on human
research. All patients gave informed consent.

GSTT1 genotyping

Peripheral blood samples, collected from lung cancer
patients and control subjects and DNA extraction was
performed using peripheral EDTA-blood samples by a
commercial DNA isolation kit (Qiagen, Hilden, Germany).
DNA samples were amplified with the primers: 5-
TCACCGGATCATGGCCAGCA-3 and 5-
TTCCTTACTGGTCCTCACATCTC-3 for GSTT1, which
produced a 459 bp product.[12] Amplification of globin gene
was used as an internal control and produced a 522 bp
product. The PCR amplification was carried out 1 mg DNA
in 10 mM Tris–HCl, pH 8.3, 50 mM KCl, 3 mM MgCl2,
0.3 mM deoxyribonucleotide triphosphates (Fermentas),
0.2 mM of each primer and 1.5 U of Taq polymerase
(Fermentas) in a total volume of 50 ml. Amplification was
performed with initial denaturation at 94°C for 5 min,
followed by 30 cycles at 94°C for 1 min, 61°C for 1 min,
72 C for 1 min, and a final extension at 72 C for 10 min,
using a MJ Research PTC160 thermal cycler.

The amplification product (10 µl) was visualized in an
ethidium bromide stained 1.5% agarose gel. All the
genotype determination were carried out twice in
independent experiments and all the inconclusive
samples were reanalyzed. The results of GSTT
genotyping were documented as shown in [Figure 1].

Statistical analysis

Statistical analyses were performed using the
Statistical Package for the Social Sciences Program
(SPSS, Version 10). Pearson’s x2 test was used to
examine differences with regard to demographic

Figure 1: GSTT1 genotyping. (-): Water; 1, 2, 3, and 5
patients: GSTT1 null genotype (0/0); 4, 6, and 7

patients: GSTT1 +/+ or ± genotype. M: 100 bp ladder
size marker
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variables, smoking, and distribution of genotypes.
Associations between the GSTT1 polymorphisms and
risk of lung cancer were estimated using odds ratios
(ORs) and 95% confidence intervals (95% CIs)
calculated by conditional logistic regression.

Results

Relevant demographic characteristics of the study

subjects were documented in [Table 1]. GSTT1 (+/+

or +/0) or GSTT1 (0/0) genotypes were determined to

be 22 (71%) and 9 (29%) of lung cancer patients,

respectively. In the control group, GSTT1 (+/+ or +/0)

and GSTT1 (0/0) genotypes were found to be 33 (89%)

and 4 (11%), respectively. Although it was not

statistically significant, GSTT1 (0/0) null genotype was

found to be higher in cancer group compared with the

control group (OR = 3.37, 95% CI = 0.92–12.32, P =

0.06) [Table 2].

Histopathological evaluation, performed according

to WHO criteria, revealed that epidermoid carcinoma

(EPCA), adenocarcinoma (ACA), large-cell carcinoma

(LCA), small-cell carcinoma (SCCA), and nonsmall-cell

carcinoma (NSCCA) were present in 48.4% (n = 15),

12.9% (n = 4), 6.4% (n = 2), 9.7% (n = 3), and 22.6%

(n = 7) out of 31 lung ca patients, respectively. Although

there was no statistically significant difference among

the histopathologic types of lung cancer, OR was

determined to be 0.62 (95% CI = 0.16–3.79) and 2.85

(0.33–24.29) for EPCA and ADC, respectively. No

statistically significant relationship was found between

genetic polymorphisms and the smoking status of all

the subjects (P > 0.05).

Discussion

A number of studies have tried to establish links
between polymorphic expression of different GSTs and
lung cancer risk in different ethnic populations,[13–16] and
the results have been conflicting.[13],[17] One reason for
the discrepancies could be the fact that most studies
were conducted in different populations. However, none
of the main characteristics of the subjects explain
satisfactorily the apparent discrepancies (i.e, race,
histological type, and level of smoking). Different
histological subtypes of lung cancer, in particular may
also be related to respective exposures or factors, and
thus need to be analyzed separately.[13],[18]

Several Caucasian studies were previously conducted
to assess the role of GSTT1 in lung cancer susceptibility
with the case–control approach.[10],[11],[19–22] No significant
associations of GSTT1 with lung cancer risk could be
established, and two of the studies found that the GSTT1
null genotype did not elevate the risk with either lung
adenocancer or squamous cell carcinoma.[19],[20] Another
study in Chinese found that the GSTT1 genotype was
not related to lung cancer.[23] A recent study in Japanese
provided evidence that the GSTT1 null genotype is a
risk factor for lung cancer development.[24] In another
case–control study in the United States among African-
Americans (Black) and Mexican-Americans (Hispanics)
demonstrated a significant relationship of the GSTM1
null genotype with lung cancer in Mexican–Americans,
but no statistically significant association of the GSTT1
null genotype was found for either ethnic group.[25] In
our study, OR of GSTT1-null genotype was found to be
3.5 compared with healthy controls, although it was not
statistically significant (P = 0.06). Moreover, concordant
with the studies of Saarikoski et al.[19] and Risch et al,[20]

no significant relation between histopathological types
of lung cancers and GSTT1 null genotype was detected
in our study. These findings, obtained in Turkish
population, reveals that further studies containing larger

Table 2: Frequency of GSTT1 genotypes in lung cancer
patients and controls

Genotypes Patients Control OR (95% CI) P value
GSTT1

Present 22 (71%) 33 (89%) 1.0

Null 9 (29%) 4 (11 %) 3.37 (0.92–12.32) 0.06

Table 1: Demographic characteristics of the lung cancer
patients and controls

Characteristics Patients (n = 31) Controls (n = 37)

Mean 55  10 34 ± 11

Range (30–72) (20–65)

Male 29 24

Female 2 13

Smokers 28 9

Nonsmokers 3 28

Cigarettes (package/year) 39.2 ± 3.2 14.5 ± 3.2

Frequency of GSTT1 null genotype in Turkish population and lung cancer risk
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number of subjects should be performed to investigate
this relationship between GSTT1 null genotype and lung
cancer.

The incidence of the GSTT1 gene deletions differs
among ethnic groups. The prevalence of GSTT1 null
genotype has been shown to be 11–18% in
Caucasians.[9–11] Taioli et al.[6] reported that GSTT1 null
genotype was detected to be 17% in Caucasians. The
incidence of the GSTT1 gene deletions in healthy
controls in Koreans was significantly higher (45.3%)
compared to those of white Americans (20.4%), African-
Americans (21.8%), and Mexican-Americans
(9.7%).[26],[27] In our study with Turkish population
subjects, the incidence of GSTT1 deletion in healthy
controls was significantly lower (10.8%) compared to
those of other studies (17.3–28.3%) in Turkish
population.[28–34] Overall, the GSTT1 null genotype was
found to be higher (25.4%) among the Turkish
populations as compared to European but lower than
Singapore, Japan, and Korea.[35]

We can conclude that carrying the GSTT1 null
genotype may be accepted as a weak risk factor for the
susceptibility to lung cancer. In future, the risk of lung
cancer is expected to be monitored using specific
biomarkers in genetic researches. Large-scale
multicentric studies are necessary to obtain more reliable
and correct results.
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