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Abstract: Diabetes mellitus is associated with an increased production of reactive oxygen species 

(ROS) and a reduction in antioxidant defense. The oxidative stress becomes evident as a result of 

accumulation of ROS in conditions of inflammation and Type 2 diabetes mellitus (T2DM). The genes 

involved in redox balance, which determines the susceptibility to T2DM remain unclear. In humans, the 

glutathione S-transferase (GST) family comprises several classes of GST isozymes, the polymorphic 

variants of GSTM1, T1 genes result in decreased or loss of enzyme activity. Aims: The present study 

evaluated the effect of genetic polymorphisms of the GST gene family on the risk of developing T2DM in 

the Iraqi patients. GSTM1, T1 polymorphisms were genotyped in 25 T2DM patients and 25 healthy 

controls from Iraq to analyze their association with T2DM susceptibility. Materials and Methods: 

Analysis of GSTM1 and GSTT1 gene polymorphisms was performed by multiplex polymerase chain 

reaction (PCR) .There was significant association in the GSTM1 gene polymorphism and Type-2 

Diabetes Mellitus (P<0.05). Moreover, significant relationship was found between the polymorphism of 

GSTT1 genes and higher risk of Type-2 Diabetes Mellitus among Iraqi subjects (P<0.05).  
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Introduction 

 
Diabetes Mellitus Type 2 (T2DM) is a 

multifactorial disease that develops 

through an exposure to environmental 

risk factors, lifestyle habits and genetic 

susceptibility. This heterogeneous 

syndrome is characterized by chronic 

hyperglycemia and other alterations 

include dyslipidemia and hypertension, 

that leads to a development of macro 

and microvascular complications. The 

pathogenesis of disease involves a 

combination of beta-cell insufficiency 

and insulin resistance (1, 2).  

Oxygen free radicals and lipid 

peroxides have been implicated in the 

pathogenesis of a large number of 

diseases such as diabetes, cancer, 

rheumatoid arthritis, infectious diseases, 

atherosclerosis and aging. (3), (4),(5) 

Growing evidence indicates that 

oxidative stress is increased in diabetes 

due to overproduction of reactive 

oxygen species (ROS) and decreased 
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efficiency of antioxidant defenses. (6) It 

has also been reported that defects in 

antioxidant defense against oxidative 

stress play an important role in the 

etiology of diabetic complications. (7), 

(8). This initiated us to explore the 

antioxidant enzyme gene 

polymorphisms and their association 

with T2DM. The proposed work will 

add to the existing knowledge of 

understanding the genetic basis of 

T2DM in Iraqi population. The 

genotyping might help in early 

diagnosis and help in the management 

of the disease.(9) Three of the GST 

genes, GSTM1, GSTT1 and GSTP1 

have been found to have Functional 

polymorphisms that are frequently 

present in the general population. 

Expression of GST alpha, mu, piand 

theta in the pancreas, varies by cell 

type. For example expression of GST 

mu and GST alpha have been reported 

in human islet tissue. The GST mu 

nullgene polymorphism (GSTM1) has 

been associated with chronic 

pancreatitis, leukemia, rheumatoid 

arthritis and asthma. The GST theta 

nullgene polymorphism (GSTT1) has 

been reported to be associated with 

breast cancer and colorectal cancer 

(10).Some studies indicated that genetic 

variations of GSTTT enzyme are 

associated with the development of end-

stage renal disease in diabetes mellitus 

patients (11). According to the reviewed 

literature, there is astudy have been 

published on the association between 

GSTT1/GSTM1 polymorphism and 

susceptibility to diabetes, and there are 

large divergences among the study 

results. These range from significant 

associations by only one of the 

polymorphisms to diabetes, by both of 

them, or by neither (8). 

 

Materials and Methods 

 

Specimen Collection 
 

Blood samples (2-3ml) were collected 

in EDTA tubes for DNA isolation 

(Molecular genetic studies) from (25) 

apparently healthy people and (25) 

patients, all of them were diagnosed as 

(T2DM) attended the (AL-Yarmook) 

Hospital in Baghdad. Total genomic 

DNA isolated from the whole blood 

collected in EDTA anticoagulant tubes 

for molecular studies was applied using 

genomic DNA purification kits 

(geneaid) South Korea. The isolation of 

DNA was preseptated by salting out 

methods (12). Multiplex Polymerase 

Chain Reaction (PCR) for GSTM1 and 

GSTT1 genotyping was done by Using 

specific primer. Primer was custom 

synthesized at Bioneer / south korea 

Company as a lyophilized product. 

Lyophilized primer was dissolved in a 

free DNase / RNase water to give a final 

concentration of (100 pmol /µl) (as 

stock solution), to prepare 20µM 

concentration as work primer 

resuspended 20 pmol/µl in 80 µl of 

deionized water to reach a final 

concentration 20µM.Table (1) show the 

primer sequence and  PCR product size.  
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Table (1): primer sequences used multiplex PCR amplification of GSTM1, GSTT1, CYTP1A1 

genes 

 
 

     

 

 

 

 

 

 

 

           *TA= Temperature of Annealing 

 

Multiplex PCR was performed in a 20µl 

total volume, Primer forward1µ l 

(20PM for each one), Primer reverse 

1µl (20 PM for each one), Template 

DNA4 µl ,(4- 6µg/ml) . A total of 35 

PCR cycles with denaturation at 94oc 

for 1 minute, annealing at 59oc for 1 

minute and extension at 72oC for 1 

minute ladder were conducted. An 

initial DNA denaturation at 95oc was 

carried out for 3 minutes and final 

extension at 72oc were carried out for 5 

minutes each. The PCR product was 

then subjected to electrophoresis on a 

2% agarose gel. The presence of bands 

of 459bp and 219bp was indicated of 

the GSTT1 and GSTM1 genotypes 

respectively, whereas the absence 

indicated the null genotype for that 

gene. CYP1A1indicated by a 312 bp 

product was used as an internal control 

Figure (1). 
 
 
 
 
 

 

Primer Primer sequences TA 
PCR Product 

size 

CYP1A1  (used 

as control) 

  F 5- GAACTGCCACTTCAGCTGTCT -3   59°C 312bp 

 R 5- CAGCTGCATTTGGAAGTGCTC -3 59°C 

GSTM1 
F 5- GAA CTC CCT GAA AAG CTA AAGC -3 59°C 219bp 

 R 5-GTTGGGCTCAAATATACGGTGG -3 59°C 

GSTT1 
 F 5- TTCCTTACTGGTCCTCACATCTC -3   59°C 459bp 

R 5- TCACCGGATCATGGCCAGCA -3 59°C 



                         
                            

Iraqi Journal of Biotechnology                                                      73 
 
 
 

 

 

 

 

Figure1: PCR product for GSTT1and GSTM1 polymorphisms on 2% agarose gel. Lane 1: DNA. 

ladder. Lane 2, 5, 6: GSTM1 deletion. Lane 3: GST11 deletion. Lane 4: normal genotype 

 
 
 
 
 
 

Results and Discussion 

 

The results showed that 17 samples of 

patients have deletion in one genes or 

both (Null genotype). The chi-square 

test reflected significant association of 

the mutations and their combination, 

(deletion or presence), with the 

occurrence of T2DM as reflected from 

comparing the patients and control 

group. Table ( 2 ). 
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Table (2) Number & percentage of type 2 diabetes mellitus patients and control according to type of 

gene 

 

 

 

 

In the present study, an analysis of the 

T2DM associated with the deletion 

polymorphism for GSTT1, it was found 

that the null genotypes related to an 

increased predisposition for T2DM 

conferring a 3.2-fold increased risk of 

developing the disease relative to the 

present genotype. It was also observed 

that there was association of the 

GSTM1 deletion with susceptibility to 

disease in the population 

studied.GSTM1 null genotype may play 

a significant role in the etiopathogenesis 

of T2DM like the previous report of 

GSTM1 used as a useful marker in the 

prediction of T2DM susceptibility 

(13).Recently, in Egyptian population, 

GSTT1 null and GSTM1 null 

genotypes, alone or combined, were 

found to be associated with increased 

risk of T2DM, like our study (14).  

There are studies that reported 

significant association to T2DM for 

both null genotypes of GST (14,16) and 

others that verified no association 

between GSTT1 and GSTM1 

polymorphisms and T2DM (15,17). In 

addition, others studies showed that 

only the GSTM1-null genotype may 

play a significant role in the 

etiopathogenesis of T2DM (18, 19). In 

the Turkish population study (18), the 

authors suggested that the GSTM1 gene 

may be a useful marker in the prediction 

of T2DM susceptibility. The GSTM1-

null genotype was indicating an 

association between the incidence of 

diabetes and GSTM1 deletion 

polymorphism. In accordance, an Indian 

population study reported a significant 

association of GSTM1-null with T2DM 

and no significant association with 

GSTT1 (19).  

The deletion of GSTT1 and GSTM1, 

which are associated with abolished 

enzyme activity (20), have been 

associated with type 2 diabetes mellitus 

when compared to control subjects (21). 

The presence of the GSTM1-null 

genotype seems to increase of 

havingT2DM by 0.54-fold (22). 

Wang and colleagues (2006) performed 

a study on Chinese type 2 diabetic 

patients investigating the polymorphism 

of GSTT1. They found that the GSTT1-

null genotype was observed in 61% of 

 

Group 
No. & Percentage 

Type of gene 

GSTM1 

gene 

deleted 

GSTM1 gene 

present 

GSTT1 gene 

deleted 

GSTT1 gene 

present 

Patients 
No. 16 9 17 8 

% 64% 36% 68% 32% 

Control 

(no. 25) 

No. 5 20 3 22 

% 20.83% 55.56% 37.50% 42.31% 

Chi-square–χ2 (P<0.05) 
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patients versus 51% of controls. Their 

study suggests that The GSTT1-null 

genotype important in development of 

type 2 diabetes mellitus (21). Our study 

showed a significant difference in the 

frequencies of the GSTT1-null 

mutations between the patients and the 

control group (Table 2). 

Pinheiro et al., (2013) performed a 

study on Brazilian type 2 diabetic 

patients they found that the GSTT1 

polymorphism  may has an critical role 

in the pathogenesis of T2DM in the 

Brazilian patients. So this gene could be 

added to a panel of genetic markers to 

identify individuals with an increased 

rate of developing T2DM and blood 

pressure levels were verified. The both 

null gene (GSTM1and GSTT1) may 

participate to the clinical course of 

T2DM patients. 

Amer et al.,(2011) found the proportion 

of the GSTT1- and GSTM1-null 

genotypes was significantly greater in 

Egyptian diabetic patients when 

compared to controls so Patients 

carrying both null polymorphisms had a 

3.17-fold increased risk of having type-

2 diabetes mellitus compared to those 

with normal genotypes .(14) 
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