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Abstract Glutathione S-transferases (GSTs) M1 and T1

are known to be polymorphic in humans. Both polymor-

phisms are due to gene deletions which are responsible for

the existence of null genotypes. Previous studies have

suggested that GST genotypes may play a role in deter-

mining susceptibility to a number of unrelated cancers,

including lung cancer. The GSTM1 and GSTT1 polymor-

phisms were determined by PCR-based analysis in 75 lung

cancer patients and 55 controls. The unconditional logistic

regression analysis was used to calculate ORs and 95% CI.

The frequencies of GSTM1 and GSTT1 null genotypes

were 37.3 and 22.7% in lung cancer patients and 27.3 and

16.4% in controls, respectively. When analyzed by histol-

ogy the GSTM1 null genotype was more prevalent in

squamous-cell carcinoma and adenocarcinoma patients.

Whereas, GSTT1 null genotype frequency was lower in

small-cell lung cancer patients than controls. But these

differences were not statistically significant. According to

smoking status, null genotype for both gene are associated

with an increase in risk for lung cancer. Our results suggest

that GSTM1 and GSTT1 polymorphisms may play a role in

the development of lung cancer for some histological sub-

types and modifies the risk of smoking-related lung cancer.
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Introduction

The development of human cancer is a highly complex

process with both environmental and genetic determinants.

Substantial evidence indicate that there is interindividual

variation in the susceptibility to lung cancer [1]. This

susceptibility is modulated, at least in part, by polymor-

phisms in genes encoding DNA repair proteins, cell-cycle

control proteins and metabolic enzymes. One sub-class of

metabolizing enzymes comprises xenobiotic metabolizing

enzymes which are classically divided into two catego-

ries: the ‘‘phase I’’ and ‘‘phase II’’ enzymes. The phase I

enzymes are Cytochrome p-450 system and phase II

enzymes contain the glucoronyl-, glutathione- (GSH) and

sulpho-transferases. Cytochrome p-450 enzymes catalyze

the oxidation of polyaromatic hydrocarbons (PAHs) to

electrophilic intermediates capable of initiating the car-

cinogenic process. These electrophilic intermediates may

undergo conjugation or hydration reactions catalyzed by

glutathione S-transferases (GSTs) and epoxide hydrolase

producing hydrophilic compounds that are excreted from

the body. Polyaromatic hydrocarbons (PAH?) found in

cigarette smoke are the precursors of many cancer-causing

chemicals [2]. These exert their effect only after being

metabolically activated to intermediates capable of binding

to DNA and causing mutations. There is convincing evi-

dence that cancer risk from PAH is mediated in part by

cytochrome p4501A1 (CYP1A1) aryl hydrocarbon

hydroxylase (AHA), which can transform these xenobiotics

into reactive DNA-binding intermediates.

Another genetic susceptibility factor is the inherited

absence of the glutathione S-transferases (GSTs) which

play an important role in the defense of the body against

reactive compounds [3]. Therefore, it has been hypothe-

sized that individuals with a high activity of oxidative
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enzymes or a low activity of detoxifying enzymes may be

at increased risk for cancer caused by tobacco products [4].

Based primarily on protein sequence similarity, the soluble

glutathione S-transferases have been divided into four

(classes Alpha, Mu, Pi and Theta) protein families. Two of

the GST isoenzymes, the l class enzyme GSTM1 and the h
class enzyme GSTT1 have been shown to be polymorphic

in humans [5, 6]. Both polymorphisms result from dele-

tions of genes which are responsible for the existence of

null alleles. Homozygosity of null alleles results in the null

phenotype with absence of enzyme activity. Approximately

50% of the European and Asian [7] populations are

homozygously deleted for this allele. GSTM1 is known to

detoxify mutagenically active forms of several carcinogens

in the tobacco smoke, including electrophilic benzo(a)-

pyrenes by conjugating them with cellular glutathione [8].

Lack of GSTM1 alleles has been reported to be associated

with an increased susceptibility for tobacco smoke-induced

lung [5] or bladder cancer [9] and possibly also with

colorectal [10, 11] hepatocellular, gastric, esophageal, head

and neck as well as cutaneous cancers [12].

In humans, the theta class GSTs are represented by two

izoenzymes; GSTT1 [6, 13, 14] and GSTT2 [15, 16].

GSTT1 is implicated in the activation of specific haloge-

nated alkanes to carcinogenic metabolites [17]. A similar

deletion polymorphism has been observed for the GSTT1

gene which leads to a functional deficiency of the enzyme

activity. Large ethnic differences in the prevalence of the

homozygously deleted GSTT1 genotype have been

observed. The prevalence of the GSTT1 null genotype is

highest among Chinese (64%), followed by Koreans

(60%), African-Americans (22%), Caucasians (29%) and

Asian-Indians (16%), whereas it is lowest among Mexican-

Americans (10%) [18, 19]. The GSTT1 gene deletion may

therefore modify the individual risk associated with expo-

sure to toxic and carcinogenic chemicals. Specifically, the

gene defect of GSTT1 has been associated with an

increased risk of myelodysplastic syndromes [20], astro-

cytoma and menengiomas [21].

The aim of this study was to investigate the role of

GSTM1 and GSTT1 polymorphisms in the risk of devel-

oping lung cancer. Specifically we sought to determine

whether smokers who lack genes for either the GSTM1 or

GSTT1 enzymes are at increased risk for lung cancer.

Materials and methods

This study included 75 cases with lung cancer and 55

controls. All individuals were interviewed by a question-

naire to obtain information on lifestyle (including a lifetime

history of tobacco use). The control group consisted of

unrelated individuals who were free of any benign or

malignant tumor. The histological classification of the lung

tumors were; squamous cell carcinoma (n = 32), adeno-

carcinoma (n = 21), small cell carcinoma (n = 14) and

mixed and non-classifiable type carcinoma (n = 8).

Genomic DNA for molecular analysis was isolated from

peripheral blood samples by proteinase K digestion and a

salting-out with sodium chloride. Multivariate logistic

regression analysis was used to calculate the risk of lung

cancer in association with smoking status, histologic grade

and polymorphisms of the GSTM1 and GSTT1 genes. For

detection of polymorphic deletions of GSTM1 and GSTT1

genes, an internal-standard-controlled PCR was used.100–

500 ng of genomic DNA was amplified in a final volume of

25 ll containing 10 mM Tris–HCl (pH 8.8), 50 mM KCl,

0.08% Nonidet p40, 0.2 mM dNTP, 2 mM MgCl2, 1U Taq

polymerase and 10 pmol of each primer. For the GSTM1

polymorphism, we used the primer pair 50-GAACTCCC

TGAAAAGCTAAAGC-30 and 50-GTGGGGCTCAAATA

TACGGTGG-30 and 35 amplification cycles of denatur-

ation at 94�C for 1 min, annealing at 55�C for 1 min and

extension at 72�C for 1 min. Final extension was allowed

to proceed at 72�C for 5 min using the oligonucleotide

primers 50-TTCCTTACTGGTCCTCACATCTC-30 and 50-
TCACCGGATCATGGCCAGCA-30, amplification was per-

formed for the GSTT1 with an annealing temperature of

64�C for 30 cycles. Co-amplification of the b-globin gene

fragment served as an internal positive control for a suc-

cessful amplification reaction. The PCR products were

separated on 2% agarose gels for 1 h at 100 V. The gels

were evaluated using the video gel documentation system

(Vilber-Lourmat, Cedex, France) and the BIOPROFIL 1D

software. The internal standard fragment amplified from

b-globin was 268 bp of length, whereas presence of the

GSTM1 and GSTT1 genes were identified by 219 and

480 bp fragments, respectively. The presence or absence of

the GSTM1 and GSTT1-specific amplification products

indicated the respective positive and null genotypes of the

genes.

All data was analyzed by SPSS for Windows software

(version 13.0). A value of \0.05 was regarded as statisti-

cally significant. The logistic regression results appear as

odds ratios (OR) and %95 confidence interval (CI).

Results

The characteristics of the study population are shown in

Table 1. The age distribution was different between cases

and controls, the mean age being 41.6 ± 27.5 and 61 ±

26.5 years for the controls and cases, respectively. Distri-

butions of GSTM1 and GSTT1 genotypes are shown in

Table 2.
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The frequency of the GSTM1 null type was higher in the

cases (37.3%) as compared to controls (27.3%), but the

difference was not significant (P = 0.261). The GSTT1

null genotype was observed in 16.4% of the control sub-

jects and in 22.7% of the patients with lung cancer. The

difference between patients and controls was not signifi-

cant (P = 0.506).

The frequency of the null GST genotype varied

according to the histology of the tumor for both genes.

Although no statistically significant associations were

found between the GSTM1 null genotype and lung cancer

patients in general, the frequency was higher in squamous

cell (40.6%) than that observed in the controls (27.3%).

The odds ratio, after adjustment for age and cigarette

smoke was 1.356 (95% CI: 0.273–6.746) for squamous cell

carcinoma. The adjusted ORs of small cell and adenocar-

cinomas for the GSTM1 null genotype were 0.952 (95%

CI: 0.180–5.027) and 0.421(95% CI: 0.056–3.141),

respectively. Thus, the GSTM1 null genotype was associ-

ated with a lower risk of small cell lung cancer.

According to the histology of the tumor, the frequency of

the null GSTT1 genotype appears to be lower in small cell

(14.3%) cancer compared to control group (16.4%).

Therefore, the GSTT1 null genotype was significantly asso-

ciated with a lower risk of specific histologies.

These analyses were repeated for the smoking groups.

Evaluation of the interactions between GSTM1 and GSTT1

polymorphisms and smoking status in cases are summa-

rized in Tables 3 and 4, respectively. We observed that the

lung cancer risk was 2.5–4.5-fold higher in all smoking

groups carrying the GSTM1 null genotype. The GSTT1

null genotype was associated with an increased risk only in

heavy smokers.

Table 1 Characteristics of the study objects

Cases (n = 75) Controls (n = 55)

Gender, n (%)

Male 68 (90.6) 27 (49)

Female 7 (9.33) 28 (51)

Age (years)

Mean 61 39.9

Range 38–81 25–76

Smoking status, n (%)

Never-smokers 7 (9.3) 36 (65.45)

1–20 pack-years 6 (8) 10 (18.18)

21–40 pack-years 31 (41.3) 9 (16.36)

41–60 pack-years 16 (21.3) –

[60 pack-years 15 –

Histological type of lung cancer, n (%)

Squamous cell-carcinoma 32 (42.6)

Adenocarcinoma 21 (28)

Small-cell lung cancer 14 (18.6)

Mixed and non-classifiable 8 (10.6)

Table 2 Risk of lung cancer associated with the GSTM1 and GSTT1 genotypes

GSTM1 Genotype GSTT1 Genotype

Positive Null OR (95% CI)a P Positive Null OR (95% CI)a P

Controls 40 (72.7) 15 (27.3) 46 (83.6) 9 (16.4)

Lung cancer 47 (62.7) 28 (37.3) 1.573 (0.328–7.543) 0.571 58 (77.3) 17 (22.7) 0.873 (0.186–4.103) 0.864

Squamous cell-carcinoma 19 (59.4) 13 (40.6) 1.356 (0.273–6.746) 0.710 24 (75) 8 (25) 1.200 (0.222–6.481) 0.832

Adenocarcinoma 13 (61.9) 8 (38.1) 0.952 (0.180–5.027) 0.953 15 (71.4) 6 (28.6) 1.364 (1.243–7.652) 0.724

Small-cell lung cancer 11 (78.6) 3 (21.4) 0.421 (0.056–3.141) 0.399 12 (85.7) 2 (14.3) 0.526 (0.065–4.267) 0.548

Mixed and non-classifiable 4 (50) 4 (50) 1.737 (0.215–14.027) 0.604 7 (87.5) 1 (12.5) 0.482 (0.035–6.645) 0.586

a OR and CI were calculated by logistic regression and adjusted for age and tobacco smoking

Table 3 Interaction of GSTM1

genotypes and tobacco smoking

on the overall risk of lung

cancer

a No. of cases/no. of controls
b ORs and 95% CIs were

calculated by logistic regression

analysis as the reference group

for never smokers

Smoking status GSTM1 Genotype

Positivea OR (95% CI)b Nulla OR (95% CI)b P

Never smokers 6/29 1/7

1–20 3/6 0.220 (0.36–1.357) 3/4 4.541 (0.737–27.987) 0.103

21–40 21/5 0.414 (0.094–1.825) 10/4 2.414 (0.548–10.636) 0.244

41–60 9/0 0.251 (0.047–1.322) 7/0 3.991 (0.756–21.059) 0.103

[60 7/0 0.231 (0.040–1.326) 7/0 4.324 (0.754–24.794) 0.100
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Discussion

A great interest is focused on the identification of genes and

their modifying effect on cancer risk by environmental

pollutants or exposure to occupational carcinogens. Many

reports indicate that in the detoxification of carcinogens,

genetic differences may affect individual predisposition to

lung cancer. A number of studies have attempted to estab-

lish links between polymorphic expression of different

GSTs and lung cancer risk in different ethnic populations

[22–24] but the results have been conflicting [25]. This

study was conducted to investigate the association of the

GSTM1 and GSTT1 polymorphisms in relation to cigarette

smoking and histological subtypes in lung cancer patients.

Some reports have revealed an increased risk of lung

cancer in patients carrying the GSTM1 null genotype [22,

26–28]. On the other hand, an association between the

GSTM1 null allele and lung cancer has been refuted in

other reports [29–31]. We observed a modest increase in

the risk associated with the GSTM1 null genotype, con-

sistent with the results of Nazar et al. [28] and Belobugova

et al. [26] Our study showed that the GSTM1 null genotype

slightly increased lung cancer risk (OR: 1.57, 95% CI:

0.328–7.543). However, this difference was not statistically

significant (P = 0.26). In consistence with our results, a

recent meta-analysis involving 43 published case–control

studies including over 18,000 individuals showed only a

slight excess of lung cancer risk (OR: 1.17, 95% CI: 1.07–

1.27) in those with the GSTM1 null genotype [32]. A

significant association between lung cancer and GSTM1

polymorphism was observed in analyze based on histo-

logical subgroups. Wang et al. [24] showed that the

GSTM1 null genotype increased the lung cancer risk

1.6 times in squamous cell carcinoma in contrast to Lewis

et al. [33] who indicated that the GSTM1 null genotype has

a protective role in squamous cell carcinoma. Our results,

suggest that GSTM1 null genotype does not have any

affect in development of squamous cell carcinoma while it

has a protective effect against small cell carcinoma. These

different results may be due to small sizes of the study

groups, or ethnic differences.

In our study the increase in the GSTM1 null genotype

frequency was found in the smoker group. A similar

observation has already been reported by Ford et al. [34] and

can be explained by the enzymatic properties of GSTM1.

Since GSTM1 detoxifies activated form of PAHs which are

found in tobacco smoke, in the absence of GSTM1 enzyme,

PAHs may contribute to the development of lung cancer.

Consistent with several published reports [24, 26, 28,

33] we could not find a relationship between GSTT1 null

genotype and lung cancer. Previous studies have also

indicated that the risk associated with different genotypes

varies with different histological subtypes [27]. Our results

indicate that the GSTT1 null genotype decreased lung

cancer risk particularly in patients with small cell carci-

noma. On the other hand, Chan et al. [29] reported that

GSTT1 null genotype is associated with higher risk in

patients with adenocarcinoma. But their study group was

composed of non-smoking lung cancer patients.

In our study multivariate logistic regression analysis

showed that heavy smokers with the GSTT1 genotype had

an approximately 4.5-fold higher relative risk when com-

pared with non-smoking patients. These results indicate

that several carcinogenic compounds in the tobacco smoke

may also contribute to the development of lung cancer.
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