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Glutathione S-transferases (GSTs) belong to a superfamily of detoxification enzymes that provide critical defences against a
large variety of chemical carcinogens and environmental toxicants. GSTs are present in most epithelial tissues of the human
gastrointestinal tract. We investigated associations between genetic variability in specific GST genes (GSTM1, GSTT1 and
GSTP1), the interaction with cigarette smoking and susceptibility to gastric cancer. The GSTM1, GSTT1 and GSTP1 poly-
morphisms were determined using real-time polymerase chain reaction (PCR) and fluorescence resonance energy transfer
with Light Cycler Instrument. The study included 70 patients with gastric cancer and 204 controls. Associations between
specific genotypes and the development of gastric cancer were examined by use of logistic regression to calculate odds ratios
(OR) and 95% confidence intervals (CI). The GSTM1 homozygous null genotype was associated with an increased risk of
developing gastric cancer (OR¼ 1.73; 95% CI¼ 1.10–3.04). GSTT1 homozygous null genotype and GSTP1 genotypes were
not associated with the risk of gastric cancer. Also there was no difference between cases and controls in the frequency of
val-105 and ile-105 alleles ( p¼ 0.07). After grouping according to smoking status, GSTM1 null genotype was associated
with an increased gastric cancer risk for smokers (OR¼ 2.15; 95% CI, 1.02–4.52). There were no significant differences in
the distributions of any of the other GST gene combinations. Our findings suggest that the GSTM1 null genotype may be
associated with an increased susceptibility to gastric cancer. Copyright # 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Although gastric cancer is one of the most common
malignancies worldwide, the pathogenesis of this dis-
ease and the molecular genetic events that contribute
to its development are poorly understood.1 Gastric
carcinoma (GC) is a complex multifactorial disease
in which environmental and host-related factors inter-
act.2 The gastric cancer process is usually a multistep
phenomenon, during which consecutive somatic cell
mutations occur. Genes involved in cell-cycle control,

genetic repair systems, or codifying enzymes for the
biotransformation of environmental carcinogens have
important roles in this process.

Most environmental carcinogens are metabolized
via complex enzymic mechanisms involving both
activation and detoxification reactions. Glutathione
S-transferases (GSTs) are a very important family of
enzymes that catalyse the detoxification of a wide
variety of active metabolites of tobacco carcinogens
such as benzo[a]pyrene and other polycyclic aromatic
hydrocarbons, and monohalomethanes.3,4 Both enzy-
mic and non-enzymic antioxidants are decreased in
erythrocytes of gastric cancer patients.5 Therefore,
variations in the expression of GSTs due to heritable
genetic polymorphism probably modulates the pro-
cess of carcinogenesis by altering the exposure levels
of tobacco-derived carcinogens.6
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A number of population-based case–control studies
have examined the association between GST poly-
morphisms and cancer susceptibility. Depending on
ethnic groups and cancer types, the risk genotype of
GST has been rather controversial. _IInterindividual
variations in GST polymorphisms has been associated
with differences in risk, with respect to several types
of cancer, in epidemiological studies. Thus, lung, head
and neck, digestive tract, breast, bladder, prostate and
cutaneous tumours have been evaluated in relation to
the GST genotype.

Based on their homology, GST isoenzymes are
divided into at least five classes alpha (A), mu (M),
theta (T), pi (P) and zeta (Z).4,7 Several GSTs are
polymorphically expressed, the first two GSTs with
polymorphisms to be established were GSTT1 and
GSTM1. The GSTM1 and GSTT1 genes both exhibit
deletion polymorphisms. Homozygous deletions of
these genes, i.e. GSTM1 and GSTT1 null genotypes,
result in a lack of enzyme activity.8,9 These poly-
morphisms are relevant for the general population,
GSTM1 is homozygously deleted in about 50% and
GSTT1 in 19% of caucasian individuals.10 Individuals
with a GSTM1 deficiency show a greater level of
DNA damage following carcinogen exposure, as
determined by sister chromatid exchange (SCE) and
formation of DNA-adducts.11

Alterations in the structure, function or expression
levels of GSTP1 due to genetic polymorphisms could
alter the ability to detoxify carcinogens and modulate
gastric cancer risk. The proteins encoded by the differ-
ent GSTP1 alleles show different abilities to bind and
possibly metabolize carcinogens and anticancer agents,
and several studies have indicated an association
between GSTP1 polymorphism and a risk for a variety
of cancers.12,13

In this study, we analysed the influence of the main
risk factors that may be associated with gastric cancer,
as well as the degree and risk of developing gastric
cancer associated with the polymorphisms of GSTM1,
GSTT1 and GSTP1.

MATERIALS AND METHODS

Subjects

Seventy newly diagnosed gastric cancer patients and
204 controls were recruited from two hospitals in
Turkey: University Hospitals in Mersin and Kocaeli.
All primary gastric cancers (n¼ 70) were diagnosed
by operation and histological confirmation between
September 2001 to May 2003. Population controls
were randomly selected from the same geographical

regions, and unmatched to cases by their gender,
age, and smoking status. Control subjects were
selected among healthy persons with no history of
malignancy, atopy, or autoimmune diseases, not
receiving systemic or local therapy and not suffering
from alcohol abuse problems. The field staff con-
ducted face-to-face interviews. Volunteer cases and
controls were interviewed in the same manner using
a standard epidemiological questionnaire. Informa-
tion on tobacco use was collected for all patients
and controls by interview.

Blood samples and DNA isolation

Venous blood was collected by venapuncture into ster-
ile siliconized EDTA 2-ml Vacutainer tubes. Immedi-
ately after collection, whole blood was stored at þ4�C
until use. Genomic DNA was extracted from whole
blood using High Pure PCR Template Preparation kits
(Roche Diagnostics, GmbH, Germany).

Analysis of GSTM1, GSTT1 and
GSTP1 polymorphism

The detection of GSTT1, GSTM1 and GSTP1 gene
polymorphisms was achieved using Real-Time PCR
(Roche Diagnostics, GmbH, Mannheim, Germany).

Principle. Appropriate fragments of the GST gene for
GSTT1, GSTP1 and GSTM1 were amplified with spe-
cific primers from human genomic DNA. The PCR
primers were synthesized according to Ko et al.14

The sequences and the hybridization probes are shown
in Table 1. The amplicon was detected by fluores-
cence using a specific pair of hybridization probes.
The hybridization probes consisted of two different
short oligonucleotides that hybridize to an internal
sequence of the amplified fragment during the anneal-
ing phase of the PCR cycle. One probe was labelled at
the 50-end with light cycler-red 640, and to avoid
extensions, modified at the 30-end by phosphorylation.
The second probe was labeled at the 30-end with fluor-
escein. Only after hybridization to the template DNA,
do the two probes come into close proximity, resulting
in fluorescence resonance energy transfer (FRET)
between the two fluorophores. During FRET, fluores-
cein, the donor fluorophore, is excited by the light
source of the light cycler instrument, and part of the
excitation energy is transferred to light cycler-red
640, the acceptor fluorophore. The light cycler instru-
ment then measures the emitted fluorescence of the
light cycler-red 640. The hybridization probes were
also used to determine the genotype by using a
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melting curve analysis after the amplification cycles
were completed and the amplicon was formed. The
fluorescein-labelled hybridization probe hybridizes
to a part of the target sequence that is not mutated
and functions as an anchor probe. The other hybridi-
zation probe, labelled with light cycler-red 640, spans
the mutation site (mutation probe). The latter probe
has a lower melting temperature (TM) than the anchor
probe, thus ensuring that only the mutation probe
determines the fluorescent signal generated during
the melting curve analysis. The TM is not only depen-
dent upon length and GþC content, but also upon the
degree of homology between the mutation probe and
the template DNA. When a mutation is present, the
mismatch of the mutation probe with the target desta-
bilizes the hybrid. With a wild-type genotype, mis-
matches do not occur, and the hybrid has a higher
TM. The temperature is slowly increased and when
the mutation probe melts off, the two fluorescent dyes
are no longer in close proximity and so the fluores-
cence decreases. For mutated genotypes, this will
occur at lower temperatures than for the wild-type
genotype. For GSTP1 melting curve analysis is impor-
tant but for the others, the presence or absence of the
amplicon is more important than the genotyping.

To test GSTM1 and GSTT1 false negative subjects,
a simple polymerase chain reaction (PCR) was used to
identify nulled subjects. The PCR was performed in a
Techne thermal cycler (Progene). The �-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

Student’s t-test was used to compare differences
between the ages of the two groups. The association
between GSTM1, GSTT1 and GSTP1 polymorphisms,
smoking, sex and gastric cancer was modelled
through multivariate logistic regression analysis. For

the purpose of the analysis, cigarette smoking was
categorized as smokers, and non-smokers. The GST
assays place individuals into distinct categories: those
with present or null genotypes for GSTM1 and GSTT1
and those with homozygous Ile/Ile or an heterozygous
or homozygous Val/Val allele for GSTP1. Odds ratio
and confidence intervals were used to analyse the
occurrence frequencies of GSTM1, GSTT1 and
GSTP1 genotypes in patients with gastric cancer com-
pared to the control groups. The reference group con-
sisted of individuals with three putative low-risk
genotypes, i.e. the presence of GSTM1 (non-deleted),
GSTT1 (non-deleted) and GSTP1 (homozygous Ile-
104) functional alleles. Tests for Hardy–Weinberg
equilibrium were conducted by comparing observed
genotype frequencies with expected genotype fre-
quencies among control subjects using a �2 test with
1 df. Significance testing was carried out by combin-
ing chi-square tests and t-tests and then comparing the
two independent proportions. In this study maximum
type 1 error was set at 0.05.

RESULTS

The main characteristics of the cases and controls are
presented in Table 2. Gender and smoking status were
not significant factors for developing gastric cancer
( p> 0.05). The mean age of the patients and controls
were (47 men, 23 women) 57.67� 9.8 years and (115
men, 89 women) 62.08� 7.07 years, respectively.

The frequency of the GSTM1 null genotype in
patients with gastric cancer (57.1%) showed a statisti-
cally significant increase compared to the control
group frequency (43.1%). The GSTM1 null genotype
was associated with a 1.7-fold increased risk of devel-
oping gastric cancer (OR¼ 1.73; 95% CI¼ 1.10–
3.04). The number of GSTT1 null individuals was also
higher among gastric cancer cases, but this increase
did not reach statistical significance (OR¼ 1.36;
95% CI¼ 0.73–2.53). The distribution of the
genotypes of GSTP1 polymorphism did not differ

Table 1. Polymerase chain reaction (PCR) primer sequences and hybridization probes for glutathione S-transferase (GST) M1, T1 and P1

Gene PCR primers Hybridization probes

GSTM1 50-GAACTCCCTGAAAAGCTAAAGC-30 50-LCR640-ATGGCCGCTTCCCAGAAACTCTG-30

50-GTTGGGCTCAAATATACGGTGG-30 50-TCACTCCTCCTTTACCTTGTTTCCTGCAAA-FL-30

GSTT1 5-TTCCTTACTGGTCCTCACATCTC-30 50-LCR640-TCDAAGGCCGACCCAAGCTGGC-30

50-TCCAGGTCAACCGGATCAT-30 50-CCGTGGGTGCTGGCTGCCAAGT-FL-30

GSTP1 50-ACCCCAGGGCTCTATGGGAA-30 50LCR640-TGTGAGCATCTGCACCAAGGGTTGGGG-30

50-TGAGGGCACAAGAAGCCCCT-30 50-TGCAAATACATCTCCCTCATCTACACAAC-FL-30

ß-globin 50-CAACTTCATCCACGTTCACC-30

50-GAAGAGCCAAGGACAGGTAC-30
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significantly between patients and controls. The
GSTP1 polymorphism frequencies in gastric cancer
patients were 54.3% for the Ile/Ile, 32.9% for the
Ile/Val, and 12.9% for the Val/Val, respectively,
whereas among control individuals they were 44.1%
Ile/Ile, 36.3% Ile/Val, and 19.6% Val/Val. Therefore,

although the GSTP1 homozygous genotype (Ile/Ile)
was more frequent in patients than in controls, the gas-
tric cancer patients had a lower frequency of the
heterozygous genotype (Table 3). The GSTP1 geno-
type frequencies in the patient and control population
are not in Hardy–Weinberg equilibrium, with a lower
than expected frequency of heterozygous individuals
( p< 0.05). The distributions of GSTP1 Ile and Val
alleles in patients and controls were 70.7 and 62.3%
and 29.3 and 37.7% respectively. There was no differ-
ence between cases and controls in the frequency of
val-105 and ile-105 alleles ( p¼ 0.07; Figure 1).

After grouping according to smoking status, the
GSTM1 null genotype was associated with an incre-
ased gastric cancer risk for smokers (OR¼ 2.15;
95% CI¼ 1.02–4.52). There were no significant dif-
ferences in the distributions of any of the other GST
polymorphisms (Table 4).

To investigate whether profiles of GST genotypes
may be associated with the risk of gastric cancer, we
also compared the risk of gastric cancer associated
with combinations of genotypes. The reference
group consisted of individuals with all three putative
low-risk genotypes, i.e. the presence of GSTM1
and GSTT1 genotypes and the homozygous Ile/Ile

Table 2. Distribution of the cases and controls by sex, age and
smoking status as appropriate

Variable Cases Controls OR p
n (%) n (%) (95% CI) value

Total 70 (100) 204 (100)

Age, years 57.67� 9.8 62.08� 7.07 0.01
(mean� SD)
Sex (SD)

Female 23 (32.9) 89 (43.6) 1 (reference)
Male 47 (67.1) 115 (56.4) 1.65 (0.93–2.94)

Smoking status
Non-smokers 36 (51.4) 120 (58.8) 1 (reference)
Smokers 34 (48.6) 84 (41.2) 1.43 (0.82–2.49)

Table 3. GST genotypes and the risk of developing gastric cancer

Cases Controls
(N¼ 70) (N¼ 204)

Variable n (%) n (%) ORy 95% CI

GSTM1*
Present 30 (42.9) 116 (56.9) 1 (reference) —
Null 40 (57.1) 88 (43.1) 1.73 1.10–3.04

GSTT1*
Present 49 (70.0) 151 (74.0) 1 (reference) —
Null 21 (30.0) 53 (26.0) 1.36 0.73–2.53

GSTP1
Ile/Ile 38 (54.3) 90 (44.1) 1 (reference) —
Ile/Val 23 (32.9) 74 (36.3) 0.78 0.41–1.45
Val/Val 9 (12.9) 40 (19.6) 0.56 0.24–1.29

*Carriers of at least one intact allele are used as reference.
yORs (odds ratio); CI (confidence interval) from conditional logistic
regression.

Figure 1. GSTP1 allele frequencies among cases and controls

Table 4. Odds ratios for gastric cancer with smoking status combinations of GST genotypes*

Variable Smoking status Cases (N¼ 70) n (%) Control (N¼ 204) n (%) OR (95% CI)

GSTM1 present Non-smokers 17 (24.3) 75 (36.8) 1 (reference)
Smokers 13 (18.6) 41 (20.1) 1.39 (0.61–3.16)

GSTM1 null Non-smokers 19 (27.1) 45 (22.1) 1.86 (0.87–3.94)
Smokers 21 (30.0) 43 (21.1) 2.15 (1.02–4.52)

GSTT1 present Non-smokers 25 (35.7) 85 (41.7) 1 (reference)
Smokers 24 (34.3) 66 (32.4) 1.23 (0.64–2.35)

GSTT1 null Non-smokers 11 (15.7) 35 (17.2) 1.06 (0.47–2.40)
Smokers 10 (14.3) 18 (8.8) 1.88 (0.77–4.61)

GSTP1 Ile/Ile Non-smokers 20 (28.6) 49 (24.0) 1 (reference)
Smokers 18 (25.7) 41 (20.1) 1.07 (0.50–2.29)

GSTP1 Ile/Val or Val/Val Non-smokers 16 (22.9) 71 (34.8) 0.55 (0.26–1.17)
Smokers 16 (22.9) 43 (21.1) 0.9 (0.42–1.97)

*GST, glutathione S-transferase M1, T1, and P1 genes.
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genotype for GSTP1. Individuals heterozygous and
homozygous for the Ile105Val allele were combined
for this analysis. There were no significant differences
among the combination of genotypes (Table 5).

DISCUSSION

To investigate whether profiles of GST genotypes are
associated with the risk of gastric cancer, we exam-
ined the risk of gastric cancer associated with combi-
nations of the genotypes.

Genes that code for enzymes involved in the detox-
ification and metabolism of these carcinogens can
undergo mutation leading to different levels of
enzyme activity. Genetic polymorphisms in these
genes are therefore a factor involved in cancer sus-
ceptibility. In this study, GSTT1 gene deletion and
the GSTP1 Val allele were not found to be associated
with gastric cancer. We observed evidence of a rela-
tionship between the null genotype of GSTM1 and a
risk of gastric cancer. The GSTM1 genotype exhibited
a higher frequency of gene deletions in cases than in
controls. The finding suggests that GSTM1 may play a
role in gastric cancer susceptibility. There have been
inconsistent published studies that have examined
GSTM1, GSTT1 and GSTP1 enzyme genotypes and
the risk of gastric cancer.15–20 Three studies have
found an increased risk for the GSTM1 null geno-
type;16–18 two studies reported associations with the
GSTT1 null genotype;15,19 and two studies evaluated
the GSTP1 genotype and reported no increased risk
for the GSTP1 Ile/Val polymorphism.20,21 Our results
accord with other reports16–18 that indicate an increase
in relative risk of gastric cancer associated with
GSTM1 deletion polymorphism.

Glutathione S-transferases (GSTs) are a very
important family of enzymes that catalyse the
detoxification of a wide variety of active metabolites
of tobacco carcinogens including benzo[a]pyrene
and other polycyclic aromatic hydrocarbons and

monohalomethanes.3,4 Glutathione (GSH) and GSH-
dependent enzymes play a crucial role in tobacco-
related tumourigenesis and may be considered as
markers of carcinogen exposure.22 Gastric cancer,
which is associated with exposure to smoking, may
be more striking in an individual who is carrying the
null genotype GSTM1. This result suggests that inter-
vention against smoking may be important for the pre-
vention of gastric cancer in high incidence areas
because the GSTM1 is present in a majority of people
and the potential population impact may be important.
Compared with those subjects who never smoked
and had normal GSTM1 genotype, ORs were 1.86
(95% CI: 0.87–3.94) for non-smokers with GSTM1
null type, 1.39 (95% CI: 0.61–3.16) for smokers with
normal GSTM1, and 2.15 (95% CI: 1.02–4.52) for
smokers with GSTM1 null type.

There are also many other potential risk factors
including age, sex, race, socioeconomic status, dietary
factors, alcohol and Helicobacter pylori infection, that
may play an interacting role with predisposing genes.

In conclusion, our current results have shown that
genotype GSTM1 is involved in gastric cancer devel-
opment, but this does not exclude interactions
between other genes related to xenobiotic metabolism
and possible combinations of genotypes.
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