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Abstract

Background: Diabetes is a chronic metabolic disorder that causes many complications in the body. Oxidative free radicals affect
human beta cells. Glutathione S-transferases (GSTs) can deactivate substances formed in oxidative stress.
Objectives: The present study was conducted to examine the relationship between GSTs polymorphisms and type 2 diabetes melli-
tus (T2DM), and to investigate the presence of GSTM1 and T1 genotypes in 176 T2DM patients and 174 healthy cases as controls.
Methods: Multiplex PCR was used to confirm the presence or absence of GSTT1 and M1 genotypes.
Conclusions: The obtained results indicated that the polymorphism of GSTM1 and GSTT1 does not affect the prevalence of T2DM in
the study population.
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1. Background

Type 2 diabetes mellitus (T2DM) is the most prevalent
type of diabetes that involves nearly 4% of the world pop-
ulation. This disease has a multifactorial origin that in-
cludes genetic and environmental agents (1).

This disease is characterized by metabolic irregulari-
ties causing long-term negative effects on the eyes, kid-
neys, nerves, and blood vessels (2).

Six percent of the world population is affected by
T2DM, which is expected to rise to 77.6% by 2030 (3, 4).

A total of 1.5 million diabetics have been reported in
Iran (3, 5).

Increased levels of toxic substances and decreased an-
tioxidant defense have been observed in T2DM (6-8). These
situations can lead to oxidative stress with significant ef-
fects on diabetes prolongation (9-11).

Different genes are recognized to contribute to reduc-
ing the effect of toxic substances produced in oxidative
stress (12-14), including one that produces Glutathione S-
transferases (GSTs) as a multifunctional detoxification en-

zyme which defends cells against harmful effects caused
by chemicals, metabolites and oxidative stress (15).

Several studies have identified GSTs polymorphisms as
a risk factors for T2DM among different populations.

Given that oxidative stress plays a role in developing
diabetes, GTS reduces oxidative stress in the body. The
present study examined the association between this en-
zyme polymorphism (GSTT1 and GSTM1) and the preva-
lence of diabetes in the population of western Iran.

2. Methods

The present case-control study was performed in Ker-
manshah, Iran. The study participants comprised 176 pa-
tients, including 100 females and 76 males, aged 55.2± 11.5
years, with T2DM confirmed by clinical tests, and 174 con-
trol volunteers, including 102 females and 72 males aged
55.3 ± 11.2 years and proved by their medical history and
laboratory tests not to have developed T2DM.

In the present study, the case group included T2DM pa-
tients with a fasting blood sugar (FBS) of at least 126 mg/dL
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and a 2hpp glucose of at least 200 mg/dL. Moreover, pa-
tients with type 1 diabetes, alcoholics, smokers and preg-
nant women were excluded from the study.

All the diabetics and controls were selected from the
Regional Reference Laboratory, affiliated to Kermanshah
University of Medical Sciences. Furthermore, the study was
approved by the University Ethics Committee, and the par-
ticipants submitted their consent forms prior to the com-
mencement of the research.

Five mL of venous blood was taken and transferred to
a test tube containing ethylene diamine tetra acetic acid
(EDTA). Then leukocytes were isolated form the samples
and their DNA was extracted.

The multiplex PCR technique helped detect the pres-
ence of GSTM1 and GSTT1 genes in the samples. Dihydrofo-
late Reductase (DHFR) locus was used as internal control.

The PCR primers included GSTM1 forward: 5’ -GAA CTC
CCT GAA AAGCTA AAGC-3’, GSTM1 reverse: 5’ -GTT GGG CTC
AAA TAT ACGGTG G-3’ and GSTT1 forward: 5’ - TTC CTT
ACTGGT CCT CAC ATC TC-3’ , GSTT1 reverse: 5’ - TCA CCGGA-
CAT GGC CAG CA-3’ and DHFR forward 5’ -GGA ATG GAG AAC
CAG GTC GTC TT-3’ , DHFR reverse 5’-GCA TGT CTT TGG GAT
GTG GA-3’.

PCR amplification was performed when GSTM1 and
GSTT1 were found to be present in the DNA genome of the
case and control samples.

The presence or absence of GSTM1 (a 215-bp fragment)
and GSTT1 (a 480-bp fragment) was approved in the pres-
ence of amplified fragments of the DHFR gene (280 bp)
(Figure 1).

Figure 1. PCR products: Lines 1 and 4 indicate two GST1M1-positive samples. Line 6
indicates a GSTM1-positive sample. Lines 3 and 5 indicate two GSTT1-positive samples,
and lines 2 and 7 show the elimination of GSTM1 and GSTT1.

3. Results

Table 1 presents the demographic characteristics of
T2DM patients (n = 176) and the controls (n = 174). Accord-

ing to these results, the cases and controls showed no sta-
tistically significant differences in terms of age and gender
(P > 0.05).

Table 1. Characteristics of Patients and Controls

Parameters Patients Controls P Value

Age, y 55.2 ± 11.5 55.3 ± 11.2 0.19

Gender 0.46

Female, No. (%) 100 (56.8) 102 (58.6)

Male, No. (%) 76 (43.2) 72 (41.4)

HbA1c (%) 8.5 ± 3.23 4.8 ± 0.39 < 0.001

FBS, mg/dL 167.5 ± 36.9 86.38 ± 7.7 < 0.001

Table 2 presents the prevalence of GSTM1 and GSTT1 in
the cases and controls.

The prevalence of GSTM1-null was found to be 45.5%
and that of GSTT1-null genotype to be 8.65% in the T2DM pa-
tients, whereas in the control group, the frequency of null
genotypes of GSTM1 and GSTT1 was calculated as 48.3% and
17.75%, respectively.

Statistical analyses revealed that the polymorphism of
GSTM1 (OR = 1.2; 95% CI 0.72 - 2.5, P = 0.6) and GSTT1 (OR =
1.3; 95% CI 0.91 - 2.11, P = 0.34) were not associated with the
disease.

All the results obtained indicate that genotype distri-
butions in the controls followed the Hardy-Weinberg equi-
librium.

4. Discussion

T2DM is a harmful and globally prevalent disease. The
disease complications exacerbate by different factors, in-
cluding aging, prolonged obesity and decreased mobility
(16).

Oxidative stress significantly affects the development
of this disease (17). Given that β-cells carry a small amount
of antioxidant agents, they are very susceptible to reactive
oxygen species (ROS) damage. Ascented ROS can therefore
play a key role inβ-cell failures and the prolongation of in-
sulin resistance and diabetes mellitus (17).

GST is an antioxidant enzyme that is responsible for
protecting cells against oxidative stress by catalyzing the
conjugation of glutathione to an extensive range of elec-
trophiles (18).

According to the obtained results, no significant re-
lationships were observed between GSTM1-null genotype
and T2DM in the study population (45.5% vs. 48.3 %).

No significant relationships were also observed be-
tween GSTT1-null genotype and T2DM in the study popula-
tion (8.65% vs. 17.75 %).
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Table 2. Frequency of GST M and GST T Genotypes in Patients and Controls

Genotypes Patients, N = 100a Controls, N = 100a OR 95 % CI P Value

GST M1

Present 96 (54.5) 90 (51.7) 1.2 2.5 - 0.72 0.6

Null 80 (45.5) 84 (48.3)

GSTT1

Present 159 (91.32) 142 (82.5) 1.5 0.91 - 2.11 0.34

Null 17 (8.65) 32 (17.75)

a Values are expressed as No. (%).

Several studies have been conducted in different popu-
lations, and different results have been obtained on the re-
lationship of T2DM with the polymorphisms of GSTM1 and
GSTT1.

In contrast to the present research, the study con-
ducted by Moasser et al. (2) in southern Iran indicated that
an increase in the GSTM1-null genotype can be associated
with the pathogenesis of T2DM. Moreover, the studies con-
ducted in Turkey and North India found GSTM1-null geno-
type to be a risk factor for developing T2DM (19, 20).

In line with the present findings, Chinese and Egyp-
tian researchers (21, 22) found no significant differences be-
tween the GSTM1 genotype of the controls and the patients
with T2DM; nevertheless their reports indicated that an in-
crease in GSTT1-null is associated with developing T2DM.

A study by Amer et al. showed that the prevalence of
GSTM1 and GSTT1 genotypes notably differs between T2DM
patients and the controls in Egypt. Moreover, the com-
bined genotype of GSTM1-null/GSTT1-null was found to in-
crease the risk of developing T2DM (23).

A large body of research suggests that GSTs are es-
sential for protecting DNA against harmful compounds
that produce oxidative stress, and that the lack of these
enzymes can cause susceptibility to many diseases (24),
which has been proved to be associated with different envi-
ronmental and genetic factors (25). Research suggest that
different agents contribute to different levels of suscepti-
bility to diseases in different populations, including phys-
ical activity, nutrition, stress, alcohol consumption, ethnic
history and environmental conditions.

4.1. Conclusion
The present study showed that the frequency of GSTM1

and GSTT1 genotypes does not affect the prevalence of
T2DM in the population of western Iran.
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