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Glutathione S-transferases (GSTs) are enzymes involved in the metabolism of many disease-causing electrophilic
substrates and protect the cells against oxidative stress. In the present study, we investigated the GSTM1, GSTT1 and
GSTP1 gene polymorphisms in diabetic patients and healthy individuals and searched whether polymorphisms in GST
genes are associated with diabetes mellitus (DM) in the Turkish population. The study population consisted of 98 unrelated
healthy individuals and 98 patients with DM. Genotyping of GSTM1, GSTT1 and GSTP1 genes was performed using real
time polymerase chain reaction with a Light Cycler instrument. Patients had a higher frequency of the GSTM1 null
genotype than the control group (Odds ratios, OR¼ 3.7; 95% confidence intervals, CI¼ 2.05–6.70). However, there was
no significant difference in the frequencies of theGSTT1 andGSTP1 gene polymorphisms between the patients and control
group. The combined analysis of these three GST genotypes showed a further DM risk increase (OR¼ 5.7, 95%
CI¼ 1.51–31.07). This is the first study to determine the association of diabetes with GST gene polymorphism in the
Turkish population. These results show that GSTM1 null genotype may play a significant role in the aetiopathogeneses of
DM and the GSTM1 gene may be a useful marker in the prediction of DM susceptibility of the Turkish population.
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INTRODUCTION

Glutathione S-transferases (GSTs) consist of a super-
family of dimeric, phase 2 metabolic enzymes that
catalyse the conjugation of glutathione to a wide range
of electrophilic substrates.1 These enzymes play an
important role in detoxifying cytotoxic agents and
protecting cellular macromolecules. At least eight
distinct classes of soluble GST that are highly
expressed in the mammalian liver have been already
identified:2 alpha, mu, pi, sigma, theta, kappa, omega
and zeta. Several GST genes exhibit polymorphic
traits that directly result in changes in quantity or

activity of enzymes.3 Glutathione S-transferase-mu
(GSTM1), glutathione S-transferase-theta (GSTT1),
and glutathione S-transferase-pi (GSTP1) and their
polymorphisms have been widely studied.1,4 The
GSTM1 locus has been mapped to chromosome
1p13.3. Three different alleles have been identified at
the same locus, including gene deletion (GSTM1-0),
and two other mutations (GSTM1a and GSTM1b) that
differ by a C to G substitution at nucleotide position
534. There is no evidence of functional differences
between them.4,5 The human GSTT1 gene is 8.1 kb in
length and it has been mapped to chromosome
22q11.2.6,7 For GSTT1, two different alleles have
been identified that confer functional properties to the
gene. Subjects with at least one functional allele for
GSTM1 or GSTT1 are grouped into the positive
conjugator types, and called GSTM1-positive and
GSTT1-positive, respectively. The deleted genotypes
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that lead to the inactive form of the enzymes have been
named GSTM1-null and GSTT1-null.8 There are also
three variant alleles of GSTP1. GSTP1a and GSTP1b
differ by an A to G substitution at codon 105 that
exchanges isoleucine (Ile) for valine (Val). GSTP1c
varies from the ‘a’ allele by the substitution of Val for
alanine (Ala) at codon 114.5,9,10

Oxidative stress is suggested to contribute to
pathological processes in many diseases such as
diabetes, atherosclerosis and cancer.11 One of the
defense systems against the damaging effects of
oxidative stress are the GSTs. Polymorphisms in the
GST gene may impair the capacity of defense against
oxidative stress and lead to development of diabetes
mellitus (DM). GST polymorphisms have been
widely studied in a variety of diseases, especially
in determining cancer susceptibility12 and response to
chemotheraphy.13 A limited number of studies
(conducted primarily in Japanese populations) have
investigated the association between polymorphisms
in the GST genes and diabetes.14,15

In the present study, we determined the genotype
frequency of the GSTM1, GSTT1 and GSTP1
polymorphisms to understand whether the GST
polymorphisms are associated with the risk of DM
in the Turkish population.

MATERIALS AND METHODS

Subjects

Ninety-eight patients with DM (36 males and 62
females) and 98 control subjects (27 males and 71
females) were studied. The two groups were matched
with respect to age and body mass index (BMI)
determined from the weight and height of the patients.
Patients were chosen from the outpatients clinic of the
Endocrinology Department of the Diabetes Center in
Mersin. Diagnosis of diabetes was made according to
revised American Diabetes Association criteria.16

None of the patients had a history of cerebrovascular
or ischemic heart diseases, neuropathy, renal dysfunc-
tion and hypertension. Control subjects were selected

from among healthy people with no history of
cardiovascular disease, cancer, diabetes and hyperten-
sion. All the subjects gave written informed consent.
The research protocol was approved by the Ethics
Committee of Mersin University.

DNA extraction and genotyping of GSTT1,
GSTM1 and GSTP1

Blood was collected into EDTA-containing tubes and
DNAwas extracted from the lymphocytes using a high
purity template preparation kit (Roche Diagnostics,
GmbH,Mannheim, Germany). The characterisation of
GSTT1, GSTM1 and GSTP1 polymorphisms was
performed using a real time polymerase chain reaction
(PCR) with a Light Cycler instrument and hybridis-
ation probes in combination with the Light Cycler
DNA master hybridisation probes kit (Roche Diag-
nostics). Both the PCR primers and hybridisation
probes were synthesized by TIB MOLBIOL (Berlin,
Germany). The primer and probe sequences are shown
in Table 1. The PCR conditions were essentially the
same as those described by Ko et al.17 and included
4mmol�L�1 MgCl2, 0.2mmol�L�1 of each hybridis-
ation probe, 10 pmol of each PCR primer, 2ml of the
Light Cycler DNA master hybridisation mix, and
50 ng of genomic DNA in a final volume of 20ml.
These conditions were the same for the amplification
of all three mutations. The fluorescence signal was
plotted against temperature to give melting curves for
each sample. Peaks were obtained at 598C for the
Val105Val and at 638C for the Ile105Ile genotype with
a double peak for the Ile105Val GSTP1 genotype.

Statistical analysis

Allele distributions were compared using x2 and
Fisher’s exact tests. Student’s t-test was used to
determine differences in means of age. Patients and
control group ages are presented as mean� standard
deviation (SD). p values <0.05 were considered
statistically significant. The associations of the
GSTT1, GSTM1 and GSTP1 polymorphisms in study

Table 1. Sequences of primers and probes used to characterize GSTT1, GSTM1 and GSTP1 polymorphisms

Gene PCR primers Hybridisation probes

GSTT1 50-TTCCTTACTGGTCCTCACATCTC-30 50-LCR640-TCGAAGGCCGACCCAAGCTGGC-30
50-TCCCAGGTCACCGGATCAT-30 50-CCGTGGGTGATGGCTGCCAAGT-FL-30

GSTM1 50-GAACTCCCTGAAAAGCTAAAGC-30 50-LCR640-ATGGCCCGCTTCCCCAGAAACTCTG-30
50-GTTGGGCTCAAATATACGGTGG-30 50-TCACTCCTCCTTTACCTTGTTTCCTGCAAAA-FL-30

GSTP1 50-ACCCCAGGGCTCTATGGGAA-30 50-LCR640-TGTGAGCATCTGCACCAGGGTTGGGC-30
50-TGAGGGCACAAGAAGCCCCT-30 50-TGCAAATACATCTCCCTCATCTACACCAAC-FL-30
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groups and control subjects were modelled using
multivariate logistic regression analysis. Odds ratios
(ORs) and confidence intervals (CIs) were used to
analyse the frequencies of the GSTT1, GSTM1 and
GSTP1 genotypes in patients with DM compared to
the control groups. These analyses were performed
with SPSS (SPSS, Inc. Chicago) forWindows (version
11.5).

RESULTS

A total of 196 individuals (98 patients with DM and 98
controls) were genotyped for three members of the
GST family. The frequency distribution of GSTM1,
GSTT1 and GSTP1 genotypes in 98 healthy subjects
and patients was determined by using real-time PCR.
The clinical characteristics of patients and control
subjects are summarized in Table 2. The mean ages of
the patients and controls were 54.1� 9.65 and
51.9� 10.66, respectively.

The frequencies of GSTM1, GSTP1 and GSTT1
genotypes associated with diabetes are shown in
Table 3. The frequency of GSTM1 null genotype was

64.3% in the patients and 32.7% in the control group.
Therefore in the patients, the frequency of the GSTM1
null genotypewas higher than that of the control group
and this increase was significant. There was a 3.7-fold
increased risk of DM in individuals with the GSTM1
null genotype (OR¼ 3.7, 95% CI¼ 2.05–6.70) when
compared to the control group. As shown in Table 4,
the distributions of GSTT1 null genotypes were not
significantly different between the patients and the
control group. GSTT1 null genotype frequency was
22.4% in the control population and 21.4% in the
patients (OR¼ 1.07, 95% CI¼ 0.54–2.11). For
GSTP1 Ile!Val polymorphism, the variant genotype,

Table 2. Clinical characteristics of the study population

Patients (n¼ 98) Controls (n¼ 98)

Age (years) 54.1� 9.65 51.9� 10.66
Sex (male/female) 36/62 27/71
BMI (kg�m�2) 32� 1.8 31� 1.7
Glucose (mg�dl�1) 230� 26 98.9� 14.9
HbA1c (%) 10.4� 2.9 3.5� 0.8

Values are mean�SD; BMI, body mass index; n, number of sample.

Table 3. GSTP1 allele frequencies, GST genotypes and the risk of developing diabetes mellitus

Patients (n¼ 98) n (%) Controls (n¼ 98) n (%) OR 95% CI

GSTM1
Present 35 (35.7) 66 (67.3) 1 (reference) —
Null 63 (64.3) 32 (32.7) 3.7 2.05–6.70

GSTT1
Present 77 (78.6) 76 (77.6) 1 (reference) —
Null 21 (21.4) 22 (22.4) 1.07 0.54–2.11

GSTP1
Ile/Ile 49 (50.0) 44 (44.9) 1 (reference) —
Ile/Val 40 (40.8) 44 (44.9) 0.79 0.44–1.43
Val/Val 9 (9.2) 10 (10.2) 0.89 0.32–2.46

GSTP1 allele frequencies
Ile 138 (70.4) 134 (68.4) 1 (reference) —
Val 58 (29.6) 62 (31.6) 0.90 (0.59–1.39)

p¼ 0.74

OR, odds ratio; CI, confidence interval from conditional logistic regression, n, number of sample.

Table 4. Association between GST genotype profile and the development of diabetes mellitus

GSTM1 GSTT1 GSTP1 Patients (n¼ 98) n (%) Controls (n¼ 98) n (%) OR (95% CI)

Present Present Ile/Ile 14 (14.3) 20 (20.4) 1 (reference)
Null Present Ile/Ile 22 (22.4) 17 (17.3) 1.84 (0.72–4.69)
Present Null Ile/Ile 5 (5.1) 5 (5.1) 1.42 (0.34–5.88)
Present Present Ile/Val or Val/Val 13 (13.3) 29 (29.6) 0.64 (0.24–1.64)
Null Null Ile/Ile 8 (8.2) 2 (2.0) 5.7 (1.51–31.07)
Null Present Ile/Val or Val/Val 28 (28.6) 10 (10.2) 4.0 (1.48–10.80)
Present Null Ile/Val or Val/Val 3 (3.1) 11 (11.2) 0.39 (0.09–1.65)
Null Null Ile/Val or Val/Val 5 (5.1) 4 (4.1) 1.78 (0.40–7.85)
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termed Val/Val, was seen in 9.2% of the patients and
10.2% of the control group. There was no significant
association between the GSTP1 genotypes and
diabetes (OR¼ 0.89, 95% CI¼ 0.32–2.46). Also, no
significant differences were found between the
diabetics and the controls in the frequency of Ile-
105 and Val-105 alleles (OR¼ 0.90, 95% CI¼ 0.59–
1.39, Table 4). The frequency of Val-105 allele was
31.6% in the control group and 29.6% in the
patients.
Our results were further analysed to determine

whether different combinations of genotypes from the
GST genes are involved in the disease development.
Each gene expresses an increased risk genotype
(GSTM1 null, GSTT1 null and GSTP1 Val/Val), which
may be involved in diabetes susceptibility when more
than one is expressed in each individual. The results
were analysed according to the increased (high-risk)
genotypes expressed by each individual in both
populations. Table 4 shows the genotypic distribution
of each of the three genes and the risk associated with
each combination of genotypes. As for that of the
GSTP1 gene, carriers of the Val allele are believed to
be at an increased risk for diabetes susceptibility so the
heterozygous and homozygous Val genotypes were
considered high risk and combined for this part of
the analysis. The combinations of the GSTM1 and
GSTT1 null genotypes and the GSTP1 Ile/Ile genotype
were significantly related to diabetes, the risk being
elevated 5.7-fold compared to the combined GSTM1
and GSTT1 present genotype and GSTP1 wild-type
(Ile/Ile) (OR¼ 5.7, 95% CI¼ 1.51–31.07). The
combination of the GSTM1 null genotype and GSTT1
wild genotype and the GSTP1 Val allele was closely
related to diabetes (OR¼ 4.0, 95% CI¼ 1.48–10.80).
The other combined genotypes were not associated
with higher risk than the respective separate
genotypes.

DISCUSSION

Diabetes mellitus is associated with an increased
production of reactive oxygen species and a reduction
in antioxidant defenses. This leads to oxidative stress,
which has been considered to be a common
pathogenic factor in diabetes and its compli-
cations.18,19 Studies have shown that individuals with
lowered antioxidant capacity are at increased risk of
diabetes.20,21 Members of the GST supergene family
are critical for protecting cells from ROS because they
can utilize a wide variety of products of oxidative
stress as substrates.22GSTT1 utilizes oxidized lipids
and oxidized DNA, GSTP1 catalyses the detoxifica-

tion of products that arise from DNA oxidation.23 The
lack of detoxification, which is genetically deter-
mined, may be a risk factor for diabetes development.
Therefore analysis of GST gene status, particularly
detection of GSTM1 and GSTT1 null mutations, and
GSTP1 polymorphism could have clinical importance.

There are many studies dealing with GST poly-
morphism in various diseases, but only a few studies
have addressed the role of GST polymorphisms in
diabetes. Fujita et al.14 performed a study on a
Japanese type 2 diabetic nephropathy patients
investigating the polymorphism of GSTM1. They
found that GSTM1 null genotype was observed in
48.6% of patients with nephropathy versus 55.1% of
patients without nephropathy. Their studies suggest
that GSTM1 null genotype does not contribute to the
development of diabetic nephropathy. Our study
showed significant difference in the frequencies of
the GSTM1 null mutations between the patients and
the control group (64.3% vs. 32.7%). The OR of
diabetes for the GSTM1 null genotype was 3.7
indicating an association between diabetes incidence
and GSTM1 deletion polymorphism. In the present
Turkish population there was a greater risk of DMwith
GSTM1 null genotype.

In our study, no significant differences in the
frequencies of the GSTT1 null mutations between the
patients and the control group (21.4% vs. 22.4%) were
observed. We may state that GSTT1 polymorphism
does not influence the risk of diabetes in the Turkish
population.

The GSTP1 polymorphism results in an amino acid
change from Ile (wild-type) to a Val (variant). The
results we report show a lack of association between
the Val allele and/or variant genotype and diabetes
development. Similarly, the frequencies of carriers of
the Ile allele were not different between the
populations. Hence, in this population the Ile allele
does not appear to have a protective effect against the
development of diabetes.

When the effect of combined genotypes is different
from the sum of the independent effects of each
genotype, there is a possible interaction or synergistic
effect of each genotype. In our study, the risk of DM
was increased fourfold in subjects bearing a combi-
nation of the GSTM1 null genotype and GSTT1
positive genotype and the GSTP1 Val allele, also the
risk increased to approximately six times in a
combination of the GSTM1 and GSTT1 null and the
GSTP1 Ile/Ile genotype. These data indicate that the
presence of the combined GSTM1 null, GSTT1 null,
and GSTP1 Ile/Ile genotypes is a risk factor for
enhanced susceptibility to diabetes.
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To our knowledge this is the first genetic study of
DM in the Turkish population. The results of our
present investigation show a highly significant
increase in the frequency of GSTM1 genotype in
DM. It can be assumed that polymorphisms within the
GSTM1 gene may contribute to the development of
diabetes and the GSTM1 gene may be a useful marker
for prediction of DM susceptibility. However, no
association between either GSTT1 or GSTP1 null
genotypes and DM were observed in the current study
suggesting thatGSTT1 andGSTP1 genes may not play
a significant role in the aetiopathogeneses of DM. Loss
or significant decrease of GST gene function would
lead to a loss of protective effect and to increased risk
of DM. Moreover, the combination of three GST
genotypes further increases the risk of DM in the
Turkish population.
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