
Basic Res Cardiol 99: 223 – 229 (2004)
DOI 10.1007/s00395-004-0465-8 ORIGINAL CONTRIBUTION

Lülüfer Tamer
Bahadır Ercan
Ahmet Camsarı
Hatice Yıldırım
Dilek Çiçek 
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Glutathione S-transferase gene
polymorphism as a susceptibility factor in
smoking-related coronary artery disease

� Abstract Coronary artery disease (CAD) is the leading cause of morbidity
and mortality in the world, and cigarette smoking is a major contributing fac-
tor to the disease. Glutathione S-transferase (GST) enzyme is implicated in the
detoxification of carcinogens present in tobacco smoke and consequent poly-
morphisms in this gene may confer susceptibility to cardiovascular disease if
DNA damage is important in CAD. Therefore, we examined this question in
a case-control study of subjects having coronary atheroma by angiography
and with a past history of myocardial infarction (MI). The study population
consists of 247 healthy controls and 148 consecutive patients who had under-
gone coronary angiography for suspicion of coronary artery disease. DNA
was extracted from whole blood, and the GSTM1 and GSTT1 polymorphisms
were determined using a real-time polymerase chain reaction (PCR). We
found that the null GSTM1 and GSTT1 genotypes were associated with an
increase in the risk of developing coronary heart disease (OR = 1.14; 95% CI:
0.71 – 1.82; OR = 1.38; 95% CI: 0.82 – 2.32), respectively, but this increase was
not significant. Patients who smoke having the null genotypes of GSTM1 (OR:
1.63 (1.10 – 2.63)) and GSTT1 (2.66 (1.50 – 4.72)) and both (3.20 (1.37 – 7.45))
were at a higher risk for developing coronary heart disease. In conclusion, the
finding of a significant association between GSTM1 and T1 with smoking
status may influence cardiovascular disease via DNA damage.
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Introduction

Traditional risk factors for coronary artery disease
(CAD) can only explain approximately two thirds of the
observed clinical events. This has maintained interest in
other nutritional and biochemical factors that might con-
tribute to the underlying pathophysiology of vascular
disease. Established risk factors such as hypertension,

smoking and diabetes mellitus are all associated with
increased oxidative stresses due to excess free radical
activity in the vascular wall [20]. The adverse effect of
smoking on coronary heart disease (CHD) and its pre-
clinical stage, atherosclerosis, has been clearly demon-
strated in epidemiological studies. In addition, twin and
nuclear family studies provide compelling evidence of a
genetic component underlying cardiovascular disease
[18]. In humans, the genetic polymorphism of gluta-



thione S-transferase M1 (GSTM1) and T1 (GSTT1) are
associated with the detoxification or activation of some
chemicals in cigarette smoke [10, 15, 22]. Given the
strong association between cigarette smoking and risk of
CHD, GSTM1 and GSTT1 may be plausible candidate
genes of atherosclerosis or its clinical complication
among those exposed to cigarette smoke [16, 18, 23, 33, 34].

Glutathione S-transferases (GSTs), a number of phase
II xenobiotic metabolizing enzymes, have been inten-
sively studied at the levels of phenotype and genotype.
There are several isoforms of the enzyme, with charac-
teristic patterns of expression in various tissues and dif-
ferences in substrate specificity classes [17]. The GSTM1
gene, according to the three alleles, can be grouped into
two classes: GSTM1-null homozygote for the null allele,
nonfunctional class and GSTM1-1 with at least one of the
GSTM1a or GSTM1b alleles, functional class [29].
GSTM1-null has been associated in some studies with
increased susceptibility to inflammatory pathologies and
increased risk of smoking-related cancers [1, 2, 25]. Sim-
ilarly, GSTT1 gene has two classes denoted as GSTT1-0
homozygote for the null allele, and GSTT1-1 with at least
one functional allele. Toxic and lipophilic chemicals
ingested by humans are detoxified by xenobiotic metab-
olizing enzymes. The major phase II xenobiotic metabo-
lizing enzyme glutathione S-transferases (GSTs) are a
family of multifunctional enzymes that catalyze several
reactions between glutathione (GSH) and electrophilic
and hydrophobic compounds [17]. 

Glutathione S-transferases are involved in detoxifying
potential atherogenetic substances such as reactive oxy-
gen species and tobacco smoke carcinogens, including
monohalomethanes, ethylene oxide, dichloromethane
and the polycyclic aromatic hydrocarbons from cigarette
tar, by conjugating them to glutathione [10, 21, 22, 24].
Substrates of GST-catalyzed reactions pharmacological
drugs, include paracetamol and chemotherapeutic
agents. GSTs have been shown to act as inhibitors of the
junk kinase pathway, which is an important signaling
mechanism for the cytoprotective genes. Several glu-
tathione transferases can participate in the metabolism
of cytotoxic aldehydes produced during lipid peroxida-
tion, such as 4-hydroxynonenal. The transferases accel-
erate the reactions of these aldehydes with GSH to give
less toxic conjugates [10, 22].

Tobacco smoke is a major cause of both cancer and
cardiovascular diseases. Although its carcinogenic role
via induction of DNA damage and mutation is well estab-
lished, the mechanisms involved in vascular disease
remain unclear. One possible cause is that DNA damage
causes smooth muscle cell proliferation in the intima of
arteries, thereby contributing to atherothrombotic pro-
cesses. The binding of chemicals to DNA is modulated by
detoxification enzymes [27, 34].

Epidemiological studies have indicated that GSTT1
and GSTM1 are associated with increased risk for differ-

ent cancers among smokers [4, 5, 8, 16]. In contrast to the
extensive investigation of GSTM1 and GSTT1 polymor-
phisms and susceptibility to malignancies, there are still
some controversies about the relationship between GST
polymorphism and CAD in smokers [15, 16, 28, 32–34].
The GST enzyme is implicated in the detoxification of
carcinogens present in tobacco smoke and consequently
polymorphisms in this gene may confer susceptibility to
cardiovascular disease if DNA damage is important in
CHD. Therefore, we examined this question in a case-
control study of subjects having coronary atheroma by
angiography and with a past history of myocardial
infarction (MI). 

Material and methods

� Study design

The study population consists of 247 healthy controls
who visited our hospital for an annual check up and hos-
pital staff, and 148 consecutive patients who had under-
gone coronary angiography for suspicion of coronary
artery disease from December 1998 to January 2000. They
were qualified as coronary artery disease patients with
the angiographic evidence of single or multi-vessel dis-
ease with a target lesion stenosis of ≥ 50%. A total of 24
of them had one vessel disease, 53 had two vessel disease
and 71 had three vessel disease. Control subjects were
selected among healthy people with no history of cardio-
vascular disease, cancer, chronic degenerative neurolog-
ical disease, chronic obstructive pulmonary disease, hep-
atitis, diabetes, hypertension, atopy, autoimmune dis-
eases, allergies in general or alcohol abuse. Informed
consent was obtained from all subjects, and the study was
approved by the Ethical Committee of Mersin University.

� Coronary angiography

Coronary angiography was applied by femoral approach
using the standard Judkins technique. Coronary arteries
in the left and right oblique planes and cranial and cau-
dal angles were demonstrated. During coronary angiog-
raphy, Lopromide (Ultravist-370, Schering AG) was used
as a contrast agent and was manually injected (6 – 8 ml
contrast agent at each position).

� Measurement of lipids

Triglycerides (TG), total cholesterol (TC) and high den-
sity lipoprotein (HDL) were analyzed by GPO/PAP enzy-
matic colorimetric, CHOD/PAP enzymatic colorimetric
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and direct COHD/PAP enzymatic colorimetric methods,
respectively. Low density lipoprotein (LDL) content is
calculated from the primary measurements using the
empirical equation. All these parameters were deter-
mined by Cobas Integra 700 (Hitachi Modular Systems)
biochemical analyzer (Roche Diagnostics, GmbH,
Mannheim, Germany).

Genetic assessment

� Blood samples and DNA isolation

Venous blood was collected by venapuncture into sterile
siliconized EDTA 2-mL Vacutainer tubes. Immediately
after collection, whole blood was stored at +4 °C until
use. Genomic DNA was extracted from whole blood
using High Pure PCR Template Preparation kits (Roche
Diagnostics, GmbH, Germany).

� Analysis of GSTT1, GSTM1 and GSTP1 polymorphisms

The detection of GST T1, GST M1 and P1 gene polymor-
phisms were made by using Real-Time PCR (Roche diag-
nostics, GmbH, Mannheim, Germany). The appropriate
fragment of the GST gene for GST T1, GST P1 and GSTM1
was amplified with specific primers from human
genomic DNA. The PCR primers were synthesized
according to the Ko Y [14]. To test GSTM1 and GSTT1
false negative subjects, a simple polymerase chain reac-
tion (PCR) was used to identify nulled subjects. The PCR
was performed in a Techne thermal cycler (Progene). 
�-globin gene was co-amplified as an internal positive
control in the individual PCR reactions. Both the PCR
primers and hybridization probes were synthesized by
TIB MOLBIOL (Berlin, Germany).

� Statistical analysis

A multiple binary logistic regression analysis was used to
examine the relation of risk factors with coronary heart
disease. The backward-LR variable selection method was
used for the determination of the significant risk factors
for the model. In the first model, hypertension, diabetes
mellitus, smoking status, GSTT1, GSTM1 polymor-
phisms, heart rate, total cholesterol, HDL and LDL cho-
lesterol used as risk factors. From these parameters
hypertension, diabetes mellitus, cigarette smoking sta-
tus, T1 and M1 polymorphisms were binary categorical
variables; the others were continuous variables. In addi-
tion, this model included smoking with T1 and M1 poly-
morphisms interactions.

For analysis of genotype, we compared null genotypes
of GSTM1 and GSTT1 with the non-null. Statistical
adjustment was made for cigarette smoking (no-smok-
ers, current smokers) and vessel stenosis (one, two, mul-
tiple vessel). 

A multinomial logistic regression analysis was used to
examine the relation of genetic polymorphism and to
extent of vessel stenosis. Significance testing was by �2

test and z test for comparing two independent propor-
tions. Patient ages were compared with Student’s t test.
All values are represented as mean and standard devia-
tion (SD). p values of <0.05 were considered statistically
significant. 

Results 

The first model was evaluated by Backward-LR variable
selection and the final model results were shown in Table
1. The distribution of age among cases and controls was
not significant (P = 0.42). The mean ages ± SD of patients
and controls were 50.88 ± 7.96 years and 59.79 ± 8.60
years, respectively. The subjects who had been exposed
to cigarette smoking had a 2.5-fold risk to develop coro-
nary heart disease (OR = 2.50, 95% CI = 1.26 – 4.95).
Those with higher cholesterol had a 1.1-fold risk for
developing coronary heart disease (OR = 1.1, 95% CI:
1.00 – 1.17 (Table 1). As the cholesterol levels increased,
the risk of CAD rose 1.1-fold, while there was a 0.833-fold
risk with the increasing HDL-C levels, which means the
increase in HDL-C levels resulted in a decrease in CAD
risk. Increasing triglyceride levels resulted in a 1.01-fold
risk for CAD. Other variables (hypertension, diabetes,
LDL, heart rate) and GSTgene polymorphisms together
were evaluated for developing CAD risk and none of
them were significant.

The OR and 95% CI of GSTM1 and GSTT1 genotypes
comparing coronary heart disease cases to controls are
shown in Table 2. The null GSTM1 and GSTT1 genotypes
were found in 45.3 and 32.4% of the patients, respec-
tively, whereas 12.8% had the null genotype for both
genes. Nineteen patients showed a deletion of both genes.
The null GSTM1 and GSTT1 genotypes were associated
with an increase in the risk of developing coronary heart
disease (OR = 1.14; 95% CI: 0.71 – 1.82; OR = 1.38; 95%
CI: 0.82 – 2.32), respectively but this increase was not
significant. 

Individuals with the null genotypes for both GSTM1
and GSTT1 were at a higher risk for developing coronary
heart disease (OR = 1.20, 95% CI: 0.64 – 2.24) than indi-
viduals with other genotype combinations but this
increase was not significant.  

The multivariate analysis of the possible interactions
between GSTM1, GSTT1 and smoking status are pre-
sented in Table 3. We compared smokers with and with-
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out coronary heart disease and found that there was an
increased susceptibility to coronary heart disease in
smokers with GSTM1 null phenotype. The subjects who
had been exposed to cigarette smoking and had GSTM1
null genotypes had a 1.63-fold risk for developing coro-

nary heart disease (OR = 1.63, 95% CI: 1.10 – 2.63; Table
3). Also the data indicated that the GSTT1 null genotype
was associated with a 2.6-fold increased risk for coronary
heart disease in current smokers (OR = 2.66, 95% CI:
1.50 – 4.72). Both null genotypes and cigarette smoking
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Table 1 Describes the distribution of the cases, and the controls by risk factors

Variable Case patients n (%) Control subjects n (%) OR (95% CI) p value
Total 148 (100) 247 (100)
Age, mean � standard 50.88 �7.96 59.79 �8.60 — 0.42 
deviation
Sex 0.002

Female 41 (27.7) 107 (43.3)
Male 107 (72.3) 140 (56.7)

Smoking status
No-smokers 66 (46.6) 152 (61.5) 1.0 (reference) 0.001
Current smokers 82 (55.4) 95 (38.5) 2.50 (1.26 – 4.95)

Vessel stenosis
No stenosis 247 (100)
One vessel 24 (16.2)
Two vessel 53 (35.8)
Multiple vessel 71 (48.1)
Hypertension

Present 39 (26.4)
Absent 109 (73.6) 247  (100) 0.001

Diabetes
Present 59 (39.9)
Absent 89 (60.1) 247  (100) 0.001

Heart rate 74.9 � 3.8 74.6 � 3.9 ns
Total cholesterol 202.5 � 42.1 182.6 � 40.1 1.10 (1.00 – 1.17) 0.05

HDL 37.1 � 7.7 47.0 � 7.4 0.83 (0.79 – 0.87) 0.001
LDL 120.4 � 34.6 114.8 � 25.4 ns
Triglyceride 150.5 � 96.2 105.9 � 37.2 1.01 (1.00 – 1.02) 0.001

M1  polymorphism ns
T1 polymorphisms ns
Smoking X T1 interaction ns
Smoking X M1 interaction ns
Smoking X T1 X M1 interaction ns

n Number of observation; ORs odds ratio; CI confidence interval from multiple binary logistic regression; p significance level, ns non-significant

Table 2 GST genotypes and the risk of developing coronary artery disease cases

Cases Controls  
(N = 148) (N = 247)

Variable n (%) n (%) OR ‡ 95% CI
GSTM1*
Present 81 (54.7) 144 (58.3) 1 (reference) —
Null 67 (45.3) 103 (41.7) 1.14 0.71 – 1.82
GSTT1*
Present 177 (71.7) 100 (67.6) 1 (reference) —
Null 48 (32.4) 70 (28.3) 1.38 0.82 – 2.32
GSTM1* and GSTT1*
Other genotypes 129 (87.2) 220 (89.1) 1 (reference) —
Both null genotype 19 (12.8) 27 (10.9) 1.20 0.64 – 2.24

* Carriers of at least one intact allele are used as reference; Other genotypes GSTM1
and GSTT1 positive genotype, GSTM1 positive and GSTT1 null genotype, GSTM1 null
and GSTT1 positive genotype

Table 3 Odds ratios for coronary artery disease with smoking status combinations
of GST genotypes

Genotypes and smoking status Cases n (%) Control n (%) OR (95% CI)

Other genotype combination 200 (81.0) 107 (72.3) 1 (reference)
GSTM1 null and current smokers 41 (27.7) 47 (19.0) 1.63 (1.10 – 2.63)
Other genotype combination 115 (77.7) 223 (90.3) 1 (reference)

GSTT1 null and current smokers 33 (22.3) 24 (9.7) 2.66 (1.50 – 4.72)
Other genotype combination 132 (89.2) 238 (96.4) 1 (reference)

Both null genotype and current 
smokers 16 (10.8) 9 (3.6) 3.20 (1.37 – 7.45)

GST glutathione S-transferase M1, and T1 genes; Other genotype combination GST
positive and current smokers, GST positive and non-smokers, GST null and non-
smokers



combination were associated with a higher coronary
heart disease risk (OR = 3.20, 95% CI: 1.37 – 7.45).We
also examined the interaction between GSTT1, GSTM1
polymorphism and smoking status. No significant inter-
action between smoking status and gene polymorphism
was found (Table 1). The genotype distrubutions among
smokers versus non-smokers are shown in Table 4.

The interaction between the GSTM1, GSTT1 geno-
types and number of affected vessels was not significant
(P > 0.05). 

Discussion

Cardiovascular diseases and cancer are the main causes
of death in developed countries and cigarette smoking is
a major contributing factor to these diseases. Mortality
trends for these diseases suggest that they share common
pathogenicmechanisms. Like cigarette smoking in lung
cancer, genetic susceptibility may be an important factor
in determining who is more likely to develop atheroscle-
rosis [19, 28, 30].

Epidemiological studies have demonstrated tobacco
smoke to be a major cause of both cancer and vascular
diseases. However, the mechanism by which exposure
leads to disease is better understood in the former case.
There are many identified carcinogens in tobacco smoke
that induce DNA damage by direct binding to form DNA
adducts [11]. Unrepaired DNA damage can result in the
induction of somatic mutations in genes regulating cell
growth, thus providing a mechanism for carcinogenesis.
Furthermore, the spectrum of mutations observed in the
p53 tumor suppressor gene in tobacco-induced lung
tumors is consistent with the DNA adducts formed by
tobacco smoke constituents [7, 9]. In contrast, the path-
ogenic effects of tobacco smoke on the development of
vascular disease are less well defined. One possible cause
is that in a process parallel to carcinogenesis, tobacco
smoke-induced DNA damage causes smooth muscle cell
proliferation in the intima of arteries, thereby contribut-
ing to atherosclerotic plaque formation [3].

The hypothesis that DNA damage plays a role in vas-
cular disease has received support from observations in
animal models and humans [3, 6]. In experimental ani-

mals, chemicals in tobacco smoke (e.g. benzo(a)pyrene,
1,3-butadiene) and environmental tobacco smoke have
been reported to induce and stimulate atherosclerotic
plaque formation [25, 26]. In addition, in both humans
and animals, tobacco carcinogens induce DNA adducts
in cells of the vasculature at high levels [6, 12, 31]. Aro-
matic DNA adducts are present in smooth muscle cells of
human atherosclerotic lesion of the abdominal aorta [6,
12] and in heart tissue [28].

GST is a family of enzymes that detoxify reactive elec-
trophiles, particularly present in tobacco smoke [19].
Modulation of DNA damage and mutation caused by
polymorphisms in detoxification enzymes, including the
GST, is a well-established risk factor for tobacco-related
carcinogenesis and a similar change in cellular damage
may be involved in the risk of vascular disease associated
with tobacco smoking [35]. In this study, a case-cohort
study was conducted to test the hypotheses that specific
genotypes of GSTM1 or GSTT1 affect susceptibility to
smoking-related CHD. The approach provides a novel
way of addressing the hypothesis that an environmental
genotoxin could play a role in the etiopathogenesis of
CHD.

The null GSTM1 and GSTT1 genotypes were associ-
ated with an increase in the risk of developing coronary
heart disease (OR = 1.14; 95% CI: 0.71 – 1.82; OR = 1.38;
95% CI: 0.82 – 2.32), respectively but this increase was
not significant.

Individuals with the null genotypes for both GSTM1
and GSTT1 were at a higher risk for developing coronary
heart disease (OR = 1.20, 95% CI: 0.64 – 2.24) than indi-
viduals with other genotype combinations but this
increase was not significant.

The subjects who have been exposed to cigarette
smoking and GSTM1 null genotypes had a 1.63-fold risk
to develop coronary heart disease. Also the data indi-
cated that the GSTT1 null genotype was associated with
a 2.6-fold increase risk for coronary heart disease risk in
current smokers (OR = 2.66, 95% CI: (1.50 – 4.72). Both
null genotypes and cigarette smoking combination were
associated with a higher coronary heart disease risk (OR
= 3.20, 95% CI: 1.37 – 7.45). The interaction between the
GSTM1, GSTT1 genotypes and extent of vessel stenosis
was not statistically significant (P > 0.05). No significant
interaction between smoking status and gene polymor-
phisms were found (Table 1).

The present study offers suggestive evidence that
GSTM1 and GSTT1 may alter the smoking-related risk
for CHD. Given the specific association between tobacco
smoke and risk of cardiovascular disease and the role of
GST enzymes in the detoxification of tobacco smoke car-
cinogens [17, 25], our hypothesis was that the effect of the
genotype on risk would be most marked among smokers
with CAD.

Olshan et al. found that there is an interaction
between GSTT-1 genotype and smoking, although there
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Table 4 The genotype distrubutions among smokers versus non-smokers

M1 positive M1 null T1 positive T1 null

Patients n (%) n (%) n (%) n (%)

Smoking 41 (50.0) 41 (50.0) 49 (59.8) 33 (40.2)

Non-smoking 40 (60.6) 26 (39.4) 51 (77.3) 15 (22.7)

Control

Smoking 48 (50.5) 47 (49.5) 71 (74.7) 24 (25.3)

Non-smoking 96 (63.2) 56 (36.8) 106 (69.7) 46 (30.3)
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