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for interindividual differences for smoking behavior
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Abstract

To identify whether the polymorphisms of glutathione S-transferase M1 (GSTM1) and GSTT1 genes predict a high-tended risk of using

tobacco, the GSTM1 and GSTT1 genotypes of 369 Iranian males (254 nonsmokers and 115 smokers) and 314 Iranian females (245

nonsmokers and 69 smokers) were determined. The frequencies of GSTM1 (males: OR= 0.98, 95% CI = 0.62–1.57, P=.974; females:

OR= 1.34, 95% CI = 0.75–2.39, P=.358) and GSTT1 (males: OR= 1.25, 95% CI = 0.76–2.04, P=.412; females: OR= 0.84, 95% CI = 0.46–

1.51, P=.626) null genotypes were similar in nonsmokers and smokers. The risk of being a smoker was to be equally frequent in each

combination of the genotypes. The present results revealed that there was no difference between smokers and nonsmokers for these two

genetic polymorphisms.
D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Genetic studies suggest that all stages of tobacco use and

dependence, maintenance of dependent smoking behavior,

and amount smoked are partially under genetic control (Hall

et al., 2002). The study of smoking behavior in adult

adoptees and their biological and adoptee family supports

the finding in twin studies of a genetic influence on smoking

within the same generation (Osler et al., 2001).

Cigarette smoke contains several thousand various com-

pounds. Many of these compounds are substrates of Phase I

enzymes, represented by cytochrome P450 enzymes (Naka-

jima et al., 2001; Tyndale and Sellers, 2002; Yang et al.,

2001). Cytochrome P450 2A6 (CYP2A6) has been shown

to activate a variety of precarcinogens such as 4-(methylni-

tros-amino)-1-(3-pyridyl)-1-butanone, N-nitrosodiethyl-

amine, afaltoxin B1, 4,4V-methylene-bis (2-chloroaniline),

1,3-butadiene 2,6-dichlorobenzonitrile, and nicotine. In ad-

dition, CYP2A6 is involved in the metabolism of certain

pharmaceuticals such as methoxyflurane and halothane
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(Oscarson et al., 1998). The genetically polymorphic

CYP2A6 enzyme is responsible for the majority of the

metabolism of nicotine (Tyndale and Sellers, 2002; Yang

et al., 2001). There is some evidence that CYP2A6 poor-

metabolizer genotypes result in altered nicotine kinetics

(Pianezza et al., 1998; Tyndale and Sellers, 2002). In

addition, it is reported that the CYP2D6 ultrarapid metab-

olizer genotype may contribute to the probability of being

addicted to smoking (Saarikoski et al., 2000).

Glutathione S-transferases (GSTs) are one of the most

important Phase II enzymes involved in detoxification. The

GSTs are involved in the detoxification of many toxic

compounds of different chemical structures in cigarette

smoke, including epoxybutanes, ethylene oxide, monohalo-

methane, reactive metabolites of polycyclic aromatic hydro-

carbons such as benzo[a]pyrene (Ketterer et al., 1992;

Meyer et al., 1991; Rebbeck, 1997). There are well-defined

genetic polymorphisms in the expression of glutathione S-

transferase M1(GSTM1) and GSTT1 enzymes with non-

functional null alleles named GSTM1-0 and GSTT1-0. The

homozygosity for these alleles associated with the absence

of the corresponding enzyme activity (Harada et al., 1992;

Pemble et al., 1994).

Cancer and atherosclerosis share common risk factors

such as cigarette smoking. The GSTM1 and GSTT1 null
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genotypes have been linked with an increased risk of several

types of cancer including lung cancer (Harada et al., 1992;

Nakachi et al., 1993; Saadat and Saadat, 2001). Because

GSTM1 and GSTT1 are present in the human lung tissue

(Antilla et al., 1995; Mainwaring et al., 1996), these

enzymes may play important roles on the lung functions.

In addition, some reports suggested that polymorphisms of

GSTM1 and GSTT1 are associated with the risk of athero-

sclerosis (Li et al., 2000; Salama et al., 2002).

Despite increasing scientific evidence for a causal role of

tobacco smoking in human cancers and coronary heart

disease, an alternative hypothesis was put forward. The

constitutional hypothesis has stated that there are genetic

or other common factors that predispose both to smoking

and disease. Therefore, to identify whether the polymor-

phisms of GSTM1 and GSTT1 genes predict a high-tended

risk of using tobacco, the present study was done.
Table 1

Association between studied genotypes and smoking status

Genotypes Nonsmokers Smokers OR 95% CI P value

Males

GSTM1

Present 138 63 1.0 (Reference)

Null 116 52 0.98 (0.62–1.57) .974

GSTT1

Present 176 74 1.0 (Reference)

Null 78 41 1.25 (0.76–2.04) .412

Females

GSTM1

Present 117 28 1.0 (Reference)

Null 128 41 1.34 (0.75–2.39) .358

GSTT1

Present 146 44 1.0 (Reference)

Null 99 25 0.84 (0.46–1.51) .626
2. Material and methods

2.1. Subjects

Blood samples from 369 Iranian males (254 nonsmokers

and 115 smokers) and 314 Iranian females (245 nonsmokers

and 69 smokers) were collected. Nonsmoker means that a

person has no history of smoking. Informed consent was

obtained from all participants at the time of blood with-

drawal. The mean age of the subjects was 39.7F 10.4 (S.D.)

years.

2.2. Genotyping

Genomic DNA for PCR was isolated from the whole

blood samples. The assay for GSTM1 and GSTT1 genotyp-

ing has been described previously (Saadat and Saadat,

2001). A 1030-bp fragment was amplified by PCR with

the GSTM1 primers, and a 480-bp fragment was amplified

by PCR with the GSTT1 primers. The absence of an

amplified product was consistent with the null genotypes

(Harada et al., 1992; Pemble et al., 1994). The human h-
globin gene was also amplified in each reaction as a positive

control to confirm the presence of amplifiable DNA in the

sample. The negative controls (tubes containing the PCR

mixture without the DNA template) were included in every

run. Two independent readers interpreted the gel photo-

graphs. A random selection of 15% of all samples was

repeated. No discrepancy was discovered upon replicate

testing.

2.3. Statistical analysis

The relative associations between the genotypes and

smoking status were assessed by calculating the odds ratios

(OR) and 95% confidence intervals (CIs). A P value less

than .05 was considered to indicate significance.
3. Results and discussion

The frequencies of GSTM1 and GSTT1 null genotype in

nonsmokers and smokers of males and females are shown in

Table 1. The statistical analysis of the frequencies of

GSTM1 (males: OR = 0.98, 95% CI = 0.62–1.57, P=.974;

females: OR = 1.34, 95% CI = 0.75–2.39, P=.358) and

GSTT1 (males: OR = 1.25, 95% CI = 0.76–2.04, P=.412;

females: OR = 0.84, 95% CI = 0.46–1.51, P=.626) null

genotypes was similar in nonsmokers and smokers.

It has already been shown that GSTM1 and GSTT1 are

involved in detoxification of a variety of compounds, some

of which overlap between these enzymes and some which

are highly specific (Hayes and Pulford, 1995). In the

present study, we have examined the risk of being a

smoker associated with combinations of the genotypes.

The reference group consisted of individuals with two

putative low-tended genotypes, i.e., the presence of

GSTM1 and GSTT1 functional genotype alleles. The risk

of being a smoker was to be equally frequent in each

combination of genotypes in both sexes (Table 2). The

Chi-square for trend in risk associated with zero, one, and

two putative high-tended genotypes was not statistically

significant (Males: v2 = 0.350, P=.554; females: v2 = 0.092,
P=.759; see Table 2).

Individuals lacking full function CYP2A6 alleles do not

metabolize nicotine and are less likely to become smokers,

and if they do, they smoke fewer cigarettes per day in

comparison with normal-nicotine metabolism persons (Pia-

nezza et al., 1998; Tyndale and Sellers, 2002). The CYP2E1

and CYP2D6 polymorphisms may induce individual vari-

ability in smoking cessation or nicotine addiction (Saari-

koski et al., 2000; Yang et al., 2001). However, in some

reports, other cytochrome P-450s, such as CYP1A1 and

CYP2D6, did not show association with the smoking

phenotype (Caporaso et al., 2001; Yang et al., 2001).

Because genetic polymorphisms of Phase I enzymes asso-

ciated with the smoking phenotype, it was speculated that

the polymorphism of the Phase II enzyme also correlated



Table 2

Association between the combination of the GST genotypes and smoking

status

Genotypes
Nonsmokers Smokers OR (95% CI) P value

GSTM1 GSTT1

Males

Two putative,

low-tended

genotypes

Present Present 94 40 1.0 (Reference)

One putative,

high-tended

genotype

Present Null 44 23 1.23 (0.63–2.40) .629

Null Present 82 34 0.97 (0.54–1.74) .694

Total 126 57 1.06 (0.64–1.78) .901

Two putative,

high-tended

genotypes

Null Null 34 18 1.24 (0.60–2.59) .650

Females

Two putative,

low-tended

genotypes

Present Present 73 19 1.0 (Reference)

One putative,

high-tended

genotype

Present Null 44 9 0.79 (0.30–2.04) .748

Null Present 73 25 1.32 (0.63–2.74) .534

Total 117 34 1.12 (0.57–2.21) .856

Two putative,

high-tended

genotypes

Null Null 55 16 1.12 (0.49–2.53) .922

The v2 for the trend of none, one, and two putative, high-tended genotypes

in males and females were 0.350 ( P=.554) and 0.092 ( P=.759),

respectively.
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with the phenotype. Our data, however, failed to show an

association between cigarette smoking and polymorphisms

of GSTM1 and GSTT1.
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