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Introduction

Diabetes mellitus (DM) is a chronic metabolic
syndrome with symptoms of increased blood glucose
levels or hyperglycemia. In DM, hyperglycemia occurs
when there is a failure of endocrine gland to secrete
insulin to meet metabolic needs.
condition is caused by beta cell secretory dysfunction
and/or decreasing number of beta cell [1]. The data
showed that the prevalence of DM throughout the world,
including Indonesia, is increasing. The prevalence of
DM in the world was predicted to be higher in 2045
about 700 millions cases compared to that in 2019
about 463 millions cases. In Indonesia, the prevalence
was predicted to increasing from 10.7 millions in 2019
become 16.6 million people suffering DM in 2045 [2], [3].

adequate

DM pathogenesis involves some molecules
such as increasing reactive oxygen species (ROS)
which is a compound formed by physiology oxidation
process in cellular level. ROS is a compound that

Abstract

BACKGROUND: Diabetes mellitus (DM) is associated with an increased production of reactive oxygen species and
a reduction in antioxidant defense. Glutathione S-transferases (GSTs) is group of multifunction antioxidant enzyme
can be used as important biomarkers for DM. GSTM1, T1 genes variant polymorphism result in decreased or loss
of enzyme activity.

AIM: The study aimed to evaluate the role of GST mu 1 (GSTM1) and GST theta 1 (GSTT1) gene polymorphism in
the risk of developing T2DM.

METHODS: GSTM1 and GSTT1 polymorphisms were genotyped in 87 type 2 DM (T2DM) patients and 87 healthy
control group to analyze their association with T2DM susceptibility using multiplex polymerase chain reaction (PCR).
PCR products were electrophoresed using agarose 2%. Odds ratio (OR) with 95% confidence interval (Cl) and
p-value were calculated using Statistical Package for the Social Sciences software (version 21.0).

RESULTS: The genotype distribution of GSTM1 and GSTT1 was not different between T2DM patients and healthy
control group (p = 0.542, OR = 0.780, Cl 95% = 0.350-1.737 and p = 0.879, OR = 1.047, Cl 95% = 0.577-1.903).
The genotype distribution of combination of GSTM1 and GSTT1 were also not different between T2DM patients and
healthy control group (p = 0.640, OR = 0.640, Cl 95% = 0.224-1.83 and p = 0.551, OR = 0.721, C 95% = 0.245-2.120.

CONCLUSION: In summary, this study showed that GSTT1 null, GSTM1 null, the combination of GSTM1 null and
GSTT1 null genotype or combination of GSTM1 null and GSTT1 positive (or contrary) did not have any risk of
developing T2DM at Universitas Sumatera Utara Hospital, Medan.

has one or more unpaired atom. Some types of ROS
are superoxide (O2), hydrogen peroxidase (H,O,),
and hydroxyl radical (OH"). Excessive ROS formation
causes a stress oxidative to protein, lipid and DNA. It
causes damage and impaired cell function, such as
pancreas cell failure to produce and secrete insulin.
Molecular modification for solving the disruption can
cause imbalance in antioxidant (antioxidant defense).
ROS can be eliminated by some mechanism of
enzymatic and non-enzymatic antioxidant [4], [5].

This

Antioxidant is a substance that has an
important role in human body because of its function
that inhibits and neutralizes oxidation reaction involving
ROS. The inhibitory mechanism of antioxidant usually
occurs when this reaction is useless or propagation in
the oxidation reaction of lipids or other molecules inside
body by absorbs and neutralizes ROS compound [5].
One of the antioxidants, involved in ROS compound
detoxification, is glutathione S-transferases (GSTs).
GST, a group of multifunction antioxidant enzyme and
glutathione (GSH) have an important role in electrophilic
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substrate detoxification by phase Il detoxification

system [6].

A previous study has evidence in association of
GSTlevelwithincreasingstressoxidative. Oneofthe GST
isoforms is GST mu 1 (GSTM1) encode by GST p. The
GSTM1 gene located in chromosome 1p13.3. Another
GSTs isoform are GST theta 1 (GSTT1) encoded by
GSTOH. The GSTT1 gene located in chromosome
22q11.2 [6], [7]. GSTM1 and GSTT1 null genotype
were associated with the decrease in enzyme activity
and related to GSH antioxidant level of changes [8], [9].
The previous study showed that GSTM1 and GSTT1
gene polymorphism had an impact on some certain
diseases [10], [11], [12], [13]. Several populations in
the world showed that GSTM1 gene null polymorphism
and/or GSTT1 had the risk of type 2 DM (T2DM)
compared with healthy control group [14], [15]. GSTT1
dan GSTM1 gene polymorphism and some diseases
have been studied in Indonesia [16], [17], [18], [19],
however, so far not research on T2DM. Therefore, this
study was aimed to determine the role of GSTM1 and
GSTT1 gene polymorphism in T2DM at Universitas
Sumatera Utara Hospital, Medan, Indonesia.

Methods

This study included 87 T2DM patients who
were treated in Endocrinology Polyclinic at Universitas
Sumatera Utara hospital, Medan, Indonesia. The
diagnosis was based on the PERKENI (Indonesian
Society of Endocrinology) as the case group. The
patient was obtained based on specific inclusion and
exclusion criteria. Healthy control group consists of
87 gymnastic participants in Medan. The study was
conducted after due approval of Faculty of Medicine,
Universitas Sumatera Utara-RSUP Haji Adam Malik
ethics committee (ethics number: 447/TGL/KEPK FK
USU-RSUP-HAM/2019).

This study was an observational with cross-
sectional study design. T2DM patients obtained from
Endocrinology Polyclinic at Universitas Sumatera
Utara hospital, Medan, Indonesia. Healthy subjects, in
this study, were gym participants from several gyms in
Medan city, North Sumatera Province, Indonesia.

Fasting and 2 h postprandial (2 h-PP) blood
glucose obtained from whole blood, blood serum,
and buffy coat from the sample study. Fasting blood
glucose, 2 h-PP and HbA1c were tested in Universitas
Sumatera Utara hospital according to their routine
procedure. The genotyping of GSTM1 and GSTT1 and
gene polymorphism was conducted in Biomolecular
Laboratory, Faculty of Medicine, Universitas Sumatera
Utara. There were several steps for genotyping, that
is, DNA extraction using DNA extraction kit (Promega,
USA), the isolated DNA concentration and purification

were measured at 260/280 absorbent. DNA was kept
in -80°C for analyzing.
Screening for GSTM1 and GSTT1null genotype

was done using multiplex Polymerase Chain Reaction.
Details of primers sequence were as follows:

° GSTM1 primers: Forward5'-
GAACTCCCTGAAAAGCTAAAGC-3;
Reverse,
5-GTTGGGCTCAAATATACGGTGG- 3

° GSTT1primers: Forward

5-TTCCTTACTGGTCCTCACATCTC-3/
Reverse, 5-TCACCGGATCATGGC
CAGCA-3'

° B-actin primers: Forward
5-AATGTGAACATGTGGGACTTTGTG-3;;
Reverse,
5-CGCCAGTTCAGGACATTAGGAC-3'as
GSTM1 and GSTT1 control.

Briefly, PCR reaction was done in 25 pl consist
of 1 uL each primer, 12.5 uL GoTag®Green Master Mix
(Promega, USA), 1 uL DNA sample, and add nuclease
free water until the final volume was 25 L. PCR was
carried out with a primary denaturation step at 95°C for
5 min, followed by 35 cycles of denaturation at 94°C for
30 s, primer annealing at 63°C for 30 s, elongation at 72°C
for 30 s, and a final elongation at 72°C for 10 min [10].

PCR products  were analyzed by
electrophoresed using agarose (Invitrogen) 1.5% and
ethidium bromide staining and were visualized using
Ultra Violet transluminator. The result yielded fragment
215 bp indicated GSTM1, fragment of 480 bp indicated
GSTT1, and B-actin control gene at 92 bp [10].

The role of GSTM1 dan GSTT1 gene
polymorphism in T2DM was assessed by Chi-square
test with odds ratio (OR) and confidence interval (ClI)
95% using Statistical Package for the Social Sciences
(version 21.0).

Results

The participants consisted of 87 T2DM patients
and 87 controls. The median of fasting glucose levels,
2 h PP level, and the HbA1c percentage in T2DM
group compare with control group are (194.5 mg/dl
vs. 88.5 mg/dl; 275.0 mg/dl vs. 119.0 mg/dl; 9.1% vs.
5.4%), respectively. The subject characteristic in T2DM
group and healthy control group can be seen at Table 1.

Table 1: Characteristic of study population

Variables T2DM (n = 87) Control (n = 87)
Median/(min-max) Median/(min-max)
Fasting glucose (mg/dl) 194.5/(63.0-540.0) 88.5/(60.0-118.0)
2 h postprandial (2h-PP) (mg/dl) 275.0/(172.0-542.0) 119.0/(72.0-207.0)
HbA1c (%) 9.1/(5.8-14.0) 5.4/(4.9-6.2)

T2DM: Type 2 diabetes mellitus.
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From 174 subjects, it was found that the
frequency of GSTM1 null genotype was higher than
GSTM1 wild-type/positive genotype (83.3% vs. 16.7%),
but in contrary, the frequency of GSTT1 null genotype
was lower than GSTT1 positive genotype (45.4% vs.
54.6%). The differences of the genotype distribution in
T2DM group and healthy control group can be seen at
Table 2.

Table 2: Distribution of GSTM1 and GSTT1 genotypes in study
subjects

Genotypes n %
GSTM1
Positive 29 16.6
Null 145 83.4
GSTT1
Positive 95 54.6
Null 79 45.4

GSTM1: Glutathione S-transferase mu 1, GSTT1: Glutathione S-transferase theta 1.

The frequency of GSTM1 positive genotype in
T2DM patients was higher than healthy control group
(18.4% vs. 14.9%), while the frequency of GSTM1 null
genotype in T2DM patients was lower than healthy
control group (81.6% vs. 85.1%). The frequency of
GSTT1 positive genotype was lower in T2DM patients
than healthy control group (54.0 % vs. 55.2%), while the
frequency of GSTT1 null genotype was higher in T2DM
patients than healthy control group (46.0% vs. 44.8%).
The frequency data of GSTM1 and GSTT1 genotype
in both groups and their combination are shown in
Table 3. In present study, we observed that GSTT1 null
genotype had no risk of developing T2DM (OR = 1.047;
95% CIl = 0.577-1.903; p = 0.879). Neither GSTM1 null
genotype, the combination of GSTM1 null and GSTT1
null genotype or combination of GSTM1 null and
GSTT1 positive (or contrary) also did not have any risk
of developing T2DM (Table 3).

Table 3: The comparison of GSTM1 and GSTT1 genotypes with
T2DM patients and healthy control group

Genotypes T2DM Control p-value OR 95% CI
n % n %
GSTM1
Positive 16 184 13 149 - 1 Reference
Null 71 816 74 85.1  0.542 0.780  0.350-1.737
GSTT1
Positive 47 540 48 552 - 1 Reference
Null 40 460 39 448 0.879 1.047  0.577-1.903
Combination GSTM1
and GSTT1
Positive/Positive 10 15 7 8.0 - 1 Reference
Positive/null and null/ 43 49.4 47 540 0.640 0.640 0.224-1.831

positive
Null/Null 34 391 33 38.0 0.551 0.721  0.245-2.120

T2DM: Type 2 diabetes mellitus, GSTM1: Glutathione S-transferase mu 1, GSTT1: Glutathione
S-transferase theta 1.

Discussion

GSH transferases (EC 2.5.1.18) also called
historically as GST, lead to GST abbreviation that is
widely used. GST is multifunction enzyme group that
involved in detoxification of electrophilic substrates

from oxidation through conjugation with GSH. The GSH
conjugate is then transported to kidney to be excreted
by urine as mercapturicacid. GST activity can be
induced by several compounds, both endogenous and
exogenous compound. The three major GST families
that have been identified are mitochondrial GST,
membrane-related microsomal GST and cytosolic GST.
Cytosolic GST is found in almost all cells and organs
cytosolic fraction, that is, kidney, lungs, and small
intestine. In mammalians, GST in cytosol is classified
in six classes namely o (alpha), u (mu), = (pi), 0 (tetha),
¢ (sigma), ® (omega), and ( (zeta). Researcher has
identified that the null variant is found in two members
of GST, namely, GSTM1 and GSTT1. Several variations
of GSTM1 and GSTT1 null homozygote have been
observed in various ethnics [7], [20], [21].

This present study showed that the frequency
of GSTM1 null genotype polymorphism was higher
than GSTM1 positive in this population, but there was a
differentresultin GSTT1 genotype. In Indonesia, studies
about GSTM1 and GSTT1 gene variation have been
done. The present study findings were consistent with
the results reported by Amtha et al. (2009). According to
their study in oral cancer population at several Jakarta
hospital, it was found that the frequency of GSTM1 null
was higher than GSTM1 positive, while the frequency
of GSTT1 null was lower than GSTT1 positive [19].

This present study showed that the frequency
of GSTM1 null genotype in T2DM patients was lower
than healthy control group (81.6% vs. 85.1%), while the
frequency of GSTT1 null genotype was higher in T2DM
patients than healthy control group (46.0% vs. 44.8%).
The frequency of GSTM1 and GSTT1 studies on T2DM
versus healthy control group in various countries has
shown varied results. A previous study in China was
consistent with our present study which showed that the
frequency of GSTM1 null genotype in T2DM patients
was lower than healthy control group and the frequency
of GSTT1 null genotype was higher in T2DM patients
than healthy control group [22]. Studies in Romania
and Egypt showed that the frequency of GSTM1 null
genotypes and GSTT1 in T2DM patients was lower than
healthy control group (47.6% vs.48.0%; 17.9%vs. 25.5%
and 46.3% vs. 51.0%; 33.3% vs. 35.3%) [23], [24]. In
contrary, different results were found in T2DM patients
at India population. The previous studies showed that
the frequency of GSTM1 null genotypes and GSTT1
in T2DM patients was higher than healthy control
group [9], [25].

Each organism was originated from one cell.
Inside the cell is a material that carries out genetic
information called genetic material (gene) which found
in nucleus. Gene in population level was evaluated
through frequency, like calculating how often a certain
variants gen came up in certain population [26].
Gene polymorphism was the appearance of genetic
structure/genotype variationin a population. Similarities
and differences in the frequency of genotype gene
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appearance in a population, compared to other
populations, have an uniqueness that are affected
by many factors. Frequency appearance of certain
genotype is aimed to adapt and overcome the
surrounding environment pressure for survival [27].
Genotype variation affects individual susceptibility to
overcome/expose to diseases [28].

In this present study, GSTM1 null and
GSTT1 null genotype had no risk of developing T2DM
(OR = 0.780; 95% CI = 0.350-1.737; p = 0.542 and
OR = 1.047; 95% CI = 0.577-1.903; p = 0.879).
A previous study in South Iranian population showed
that the GSTM1 null genotype was found to be
associated with T2DM but neither GSTT1 nor the
combination of GSTM1 null and GSTT1 null genotype
showed increased the risk of suffered T2DM [29].
In another study, a significant association between
GSTM1 null genotype, GSTT1 null genotype and T2DM
was observed [30]. A study conducted by Amer et al.
(2011) in Egypt found that GSTM1 and GSTT1 carrying
both null genotype were associated in increasing risk of
T2DM (OR= 3.17; p = 0.009) [14].

GSTM1 and GSTT1 are the family of GST
which is an important antioxidant. GSTM1 and GSTT1
are needed for GSH activity to protect cell against
damage caused by xenobiotic and ROS accumulation.
Gene polymorphism cause changes even loss in
enzyme activity that was encoded by the gene [5], [21].
Loss of enzyme activity causes stress oxidation that
cannot be muffled so that this condition is involved in
arising T2DM [31]. Further investigation is needed to
evaluate the association of GSTM1 and GSTT1 null
genotype with GSTM1, GSTT1 enzyme activity and
total antioxidant capacity levels in this population.
We expected that the results of this study became a
feedback for further research.

Conclusion

In summary, this study showed that GSTT1 null
genotype, GSTM1 null genotype, the combination of
GSTM1 null, and GSTT1 null genotype or combination
of GSTM1 null and GSTT1 positive (or contrary) did
not have any risk developing T2DM at Universitas
Sumatera Utara Hospital, Medan.
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