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Abstract: 
     Coronary artery disease (CAD) is a major health concern and leading of death in 

individuals with type 2 diabetes mellitus (T2DM). Glutathione  S – Transferase(GST) 

are known for their broad range of detoxification and in the metabolism of 

xenobiotics . The role of functional variants of these genes in the development of 

various disorder is proven. We investigated the possible role of these variants in the 

development of CAD in T2DM patients. In this case – control study a total of 60 

patients (T2DM = 30 ; T2DM – CAD = 30) and 30 controls were included. Serum 

lipid profiles were measured and DNA was extracted from the blood samples. 

Multiplex PCR for GSTT1/M1 (present / null) polymorphism, were performed for 

genotyping of study participants. Gene frequency and lipid profiles were statistically 

analyzed for disease association. Regression analysis showed that, there was no 

significant difference of the frequency of GSTT1 (positive /null) genotype and 

GSTM1 (positive /null) genotype in the 3 study groups . GSTT1 – positive genotype 

is associated with a 0.51 fold increased ( OR = 0.51 ; 95%CI = 2- 0.1 ;P = 0.321 ) , 

while the GSTM1 – positive genotype was associated with a 3 fold increase ( OR = 

3.06 ; 95%CI=1- 9.7 ; P = 0.055) .We conclude GSTT1 positive genotype considered 

to be a protective risk from CAD in T2DM patients . The GSTM1 – positive genotype 

it was considered to be a risk factor of the CAD in T2DM patients. 

 

Key words: Coronary Artery Disease, Type 2 Diabetes Mellitus, Glutathione S- 
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Introduction: 
Cardiovascular diseases are the leading 

cause of mortality among Type -2 

diabetes mellitus (T2DM), which has a 

complex etiology that includes both 

atherogenic and myocardial 

components [1]. Almost 200 million 

people worldwide have Type 2 

diabetes mellitus[2] and it is broadly 

recognized as an equivalent risk factor 

for coronary artery disease ( CAD)[3].   

   The prevalence, incidence and 

mortality of all cardiovascular 

disorders (CVD) are two – to eightfold 

higher in persons with diabetes than in 

those without diabetes [4]  . Reactive 

oxygen species (ROS) production 
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induced by chronic hyperglycemia is 

implicated as a potential molecular 

mechanism behind diabetic vascular 

complications [5]. T2DM is associated 

with increased production of reactive 

oxygen species (ROS)  and a reduction 

in antioxidant defenses leading to 

oxidative   [6].Oxidative stress , arising 

as a result  of an imbalance between 

free radicals and antioxidant defenses , 

is associated with damage to lipids , 

proteins and nucleic acids , which 

could contribute diseases including 

atherosclerosis , cancer and diabetes 

mellitus [7] .  

    Pancreatic ß – cells have emerged as 

a putative target of oxidative stress 

induced tissue damage , and this seem 

to explain in part the progressive 

deterioration of β- cell function in type 

2 diabetes mellitus [8] 

     Organisms have evolved many 

defense mechanisms as protection from 

these reactive intermediates 

(antioxidant). These include, but are 

not limited to, various enzymes such as 

glutathione S  - transferase (GSTs) 

superoxide dismutase , Se- dependent 

glutathione peroxidase , catalase , 

glutaredoxins and peroxiredoxins [9] . 

Beta cells are very sensitive to cytotxic 

stress because they express very little 

of the antioxidant enzymes . Hence , 

beta – cell is at greater risk of oxidative 

damage than other tissues with higher 

levels of antioxidant protection[10].  

Glutathione (GSH) is the major 

cellular antioxidant that protects 

against environmental toxicat as well 

as reactive oxygen species (ROS) 

mediated cell injury. (GSH) detoxifies 

multiple compounds through 

glutathione S – transferase [11] . The 

glutathione S transferase (GSTs) are 

gene super family enzyme that 

detoxify free radicals [12] .This plays 

an important role in protecting DNA 

against damage by genotoxins and 

adducts formation [13] . GSTs protects 

cells against oxidative stress [14] .  

GSTs are a family detoxification 

enzymes catalyze the conjucation of 

toxic and carcinogenic electrophonic 

molecular with glutathione and there 

by protect cellular macromolecules 

against toxic foreign chemicals and 

oxidative stress by free radical 

scavenging . Human GST enzymes are 

divided into three main families: 

cytosolic, mitochondrial and 

microtosomal [15]. The enzyme active 

site is composed of two subsites , a G- 

site for binding GSH and an H – site 

for binding the hydrophobic 

electrophile . Based on, among others 

amino acid sequence identities, 

isoelectric points, substrate 

selectivitives and immunological 

reactivities [16].  

In human , glutathione S transferase 

super family have been assigned to 

least eight separate classes designated 

alpha , mu , kappa , omega , pi sigma , 

theta and zeta , which are encoded by 

the GSTA , GSTM , GSTK , GSTO , 

GSTP, GSTS , GSTT and GSTZ genes 

, respectively [15] . 

GSTT1  and GSTM1 polymorphism 

are the most common polymorphism of 

the GST enzyme in the human 

population with major ethin differences 

[17] . GSTs have been found in many 

species including: humans, rate, 

bacteria, yeast , molds , insects , plants 

, fish and birds [18] . In human, the 

GSTM1, gene is situated in the GSTM 

cluster which has been localized to 

chromosome one in the region 

(1p13.3), five mu class genes are 

situated (GSTM1-GSTM5) on 

chromosome 1[19] . The theta class of 

GSTs consists of two different 

subfamilies: GSTT1 and GSTT2.Gene 

encoding both proteins are located on 

chromosome (22q11.2) [20] .  

According to the reviewed literature, 

few studies have been published on the 

association between GSTT1/GSTM1 

polymorphism and susceptibility to 

diabetes with coronary heart disease, 
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and there are large divergences among 

the study results. This first case – 

control study on the Iraqi population 

was designed to provide move 

information about the effects of the 

GSTT1 and GSTM1 polymorphism on 

`T2DM and CAD risk. In this study 

obtained important results regarding 

the contribution of GST 

polymorphisms to T2DM with CAD 

and without CAD.  

 

Subjects and methods 
   The study consisted of 60 patients 

(30 T2DM and 30 T2DM with CAD) 

and 30 health control women . Their 

age range was (40 -65) years , from 

National – Diabetes Center , A l – 

Mustansiriya University.  
  

Collection of blood samples: 
    From each patient groups and 

healthy human, (5ml) of blood was 

obtained by vein puncture using (5ml) 

disposable syringes after (12-14) hours 

fasting. The blood sample was divided 

into two aliquots: (3ml) and (2ml). The 

first aliquot (3ml) is dispensed in a 

plain test tube and left for around an 

hour to clot at room temperature, and 

then separated by centrifugation at 

(3000 rpm) for (10 min) to 

collectserum. The separated serum 

used for assays of lipid profile and 

fasting plasma glucose. 

 

Genomic DNA extraction and 

genotyping: 
    Genomic DNA was isolated from (2 

ml) whole blood collected in the 

EDTA tubes using the Wizard genomic 

DNA purification kit ( promega, 

USA)(Figure 1), Albumin as an 

internal control . PCR amplications 

were performed in a total velum of 

50μL containing 5Μl genomic DNA, 

14ΜL D.W., 25ΜL master mix and 1μ 

L of each primer. as follows: GSTM1 

were : 5' GAA CTC CCT GAA AAG 

CTAAAG C 3', 5'  GTT GGG CTC 

AAA TAT ACG GTG G 3'. The 

GSTT1 F: 5' TTC CTT ACT GGT 

CCT CACATC TC 3' and GSTT1 R: 

TCA CCG GAT CATGGC CAG CA 

3'. The primers for albumin were Alb 

F:5' GCC CTC TGC TAA CAA GTC 

CTA  C 3' and Alb R : 5' GCC CTA 

AAA AGA  AAA TCG CCAATC 3', 

Thermal cycling conditions includs: an 

initial denaturation step at 95◦c for 3 

min , 30 cycles at 94 ◦c for 1 min , 59 

◦c for 1 min and 72 ◦c for 1 min , and a 

final extension step at 72◦c for 5 min . 

The amplification products were size 

separated on 2% agarose gels and 

visualized by ethidium bromide 

staining (5%). GSTM1 and GSTT1 

genotypes were determined by the 

presence and absence (null) of bands of 

210 bp and 480 bp , respectively , with 

an internal control of 260 bp .  

Using this genotyping assay of 

GSTM1 and GSTT1 , the null 

genotypes can be clearly categorized , 

but the heterozygote and homozygote 

positive genotypes could not be 

differentiated [21] (Figure 2) . 

 

 
Fig. (1): Agrose electrophoresis of the 

genomic DNA sample. Fragments were 

fractionated by electrophoresis on 0.8% 

agarose (1h/70v), 1Xtb (tri-borate 

buffer) and visualized by ethidium 

bromide stainig. 



 Baghdad Science Journal  Vol.12(4)2015 
 

517 

Fig. (2): A representive multiplex PCR 

analysis of GSTs polymorphism. 

GSTTM1 and GSTT1 genes PCR 

products resolved by (2%) agarose gel 

electrophoresis (1h/70v). Lane M, DNA 

molecular weight marker. Lane B, 

negative control. Lane (1.13) is samples. 

A 350 pb DNA fragment corresponding 

to the albumin gene product provides 

an internal positive control for each 

reaction and can be seen in all PCR 

reaction. A 215 pb Is present only in 

those individuals containing the GSTM1 

gene while a 480 pb products is present 

only in those individuals containing the 

GSTT1 gene. 

  

Statistical analysis: 

     Data of continuous variables were 

expressed as mean ± Standard 

Deviation (SD) and data of non 

continuous variables as frequency 

(N%) .The data for three or more 

independent groups were evaluated by 

analysis of variance (ANOVA). The 

genetic variants and their risk for 

disease were computed by odd ratio 

(OR) and 95%CI Confidence Intervals 

by logistic regression analysis.  

 

Results:  
     Table 1 shows the positive of the 

GSTT1 gene occurs higher  

frequencies in healthy controls 

26(86.7%), than patients T2DM 

without CAD 25( 86.2%) and patients 

T2DM with CAD 23(76.7%) , p= 0.51 

there was no significant difference 

between three study groups .  

     While the GSTM1 shows the higher 

frequencies in T2DM with CAD 

13(43.3%), than patients T2DM 

without CAD 9(31%) and healthy 

control 6(20%). There was no 

significant difference between them.  

 

Table 1: Comparison of GST 

genotypes among three population  

Genotype 

Healthy 

Controls 

n=30 

N %) 

T2DM 

n=30 

N(%) 

T2DM+CAD 

n=30 

N(%) 

P(value) 

GSTT1 

Positive  

null 

 

25 

(86.7%) 

4(13.8%) 

 

25(86.2%) 

5(13.8%) 

 

23(76.7%) 

7(23.3%) 

0.51 

GSTM1 

Positive 

null 

 

6(20%) 

21(80%) 

 

9(31%) 

21(69%) 

 

13(43.3%) 

17(56.7%) 

0.15 

Significant difference p>0.05 , non significant 

p<0.05 

 

Association of GST polymorphism 

with T2DM and CAD 

    In the (table 2) showed the risk 

estimates for CAD among the diabetic 

patients .GSTT1 positive genotype was 

associated with 0.66 but the GSTM1 

positive genotype was associated with 

1.78 – fold . There was no significant 

difference between them .There was no 

risk found for (GSTT1and GSTM1) 

null genotypes. We observed that the 

GSTT1 positive genotype was 

considered to be a protective risk 

because of the rate of OR = less than 

one. 

But the GSTM1 positive genotype was 

considered a risk factor to development 

the CAD in T2DM patients because of 

the rate of OR = more than one. 

 
(Table 2) The risk of having T2DM 

with CAD in the presence of two 

genes compared to cases having 

T2DM without CAD. 

Genotyp

e 

T2DM 

n=30 N 

%) 

T2DM+CA

D 

n=30 N(%) 

OR 

95

% 

Cl 

P(value

) 

GSTT1 

Positive 

null 

25 

(86.7%) 

5(13.8%

) 

23(76.7%) 

7(23.3%) 

0.6

6 

Ref 

2.4-

0.2 
0.52 

GSTM1 

Positive 

null 

9(31%) 

21(69%) 

13(43.3%) 

17(56.7%) 

1.7

8 

Ref 

0.6-

5.2 
0.286 

OR – odds ratio and CI – confidence 

interval from conditional logistic 

regression analysis. 
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 (Table 3) The risk of having T2DM 

with CAD in the Presence of two 

genes compared to cases T2DM 

without CAD 

Genetic 

Composition  

T2DM 

n=30 

N(%) 

T2DM+C

AD 

n=30 

N(%) 

O

R 

95

% 

Cl 

P(valu

e) 

GSTT1-

/GSTM1-  

3 

(10.3%) 
2 (6.7%) 

Re

f 
- - 

GSTT1+/GST

M1- 

17(58.6

%) 

15(50.0%

) 

1.3

2 

0.2-

9 
0.797 

GSTT1-

/GSTM1+ 
1(3.4%) 5(16.7%) 7.5 

0.5-

122.

7 

0.143 

GSTT1+/GST

M1+ 

2(27.6

%) 
8(26.7%) 1.5 

0.2-

11.5 
0.708 

Total 
30(100

%) 
30(100%)  

    

   In Table 3, the distribution analysis 

for the both GSTT1and GSTM1 

genotypes can be observed .There was 

a low frequency of individuals who 

had a double null genotype (-/-) , for 

both T2DM without CAD patients  and 

T2DM with CAD patients(10.3%  and  

6.7% , respectively) . 

    A higher prevalence of individuals 

with a GSTT1 present / GSTM1 null 

for both groups (58.6% and 50.0%, 

respectively) was also observed. 

 

Discussion: 
     Diabetes Mellitus is one of the 

most common chronic diseases in 

nearly all countries , the number of 

people with diabetes is increasing due 

to population growth , aging , 

urbanization and increasing prevalence 

of obesity and reduced physical 

activity [22] . T2DM is a major risk 

factor for coronary artery disease 

(CAD) resulting in high morbidity and 

mortality [23] . Imbalance between 

free radicals and anti – oxidant 

defenses is associated with cellular 

dysfunctions leading to the 

pathophsiology of various diseases [7]. 

Experimental evidence suggests that 

diabetes is associated with a reduced 

overall antioxidant defense system [24] 

and the increased oxidative stress may 

contribute to the pathogenesis of the 

diabetic compications, notably the 

emergence of premature 

atherosclerosis [25] .The role of 

oxidative stress in the development of 

coronary artery disease is well known 

[26]. 

Our study showed there was no 

significant difference between three 

study groups which  agree with 

Hussain et al ,(2012) who found there 

was no significant difference between 

GSTT1(positive/null), P= 0.157 as 

well as between GSTM1(positive/null) 

,P= 0.360 in patients and controls.  

While Ramprasath et al., (2011) who 

found the GSTT1 positive genotype 

occurs at higher frequencies in controls 

than in T2DM with CAD and T2DM 

without CAD patients, but the GSTM1 

positive genotype occurs at higher 

frequencies in controls than in T2DM 

with CAD patients and T2DM without 

CAD patients, there were significant 

difference between three study groups 

in two status of GSTs (T1,M1) with 

CAD .  

This study showed the distribution of 

GST genotype and alleles of the 

patients groups were given, the GSTT1 

positive genotype occurs at higher 

frequencies in T2DM without CAD 

than in T2DM with CAD, while the 

GSTM1 positive genotype occurs at 

higher frequencies in T2DM with CAD 

patients than in T2DM without CAD 

patients.         

Previous studies regarding the 

association between GST 

polymorphism and cardiovascular 

diseases have also shown conflicting 

results, with striking differences 

between ethnic groups [27,28]. These 

results which disagreement with 

Pinheiro et al., (2013) who found that 

the GSTT1 null genotype (p = 0.0004) 

is 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 wasn't any association of the 

GSTM1 null genotype with 
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susceptibility to disease in the 

population studied (OR = 1.1, 95%CI 

= 0.66-1.82, P = 0.732). On the 

contrary, similar study in the Turkish 

population reported that both GSTT1 

and GSTM1 null genotype were 

associated with increased coronary 

artery disease, which became 

statistically significant only with 

smoking [27]. Another Indian study 

has complicated it further, reporting 

that the GSTT1 null genotype is 

protective against coronary artery 

disease [28]. Given all these 

conflicting results, one might think that 

the detoxification capacity of oxidative 

stress does not simply parallel the 

lowering of cardiovascular risks. 

    Our results are lower frequency of 

individuals who had a double null 

genotype (-/-) , for both patient groups 

(T2DM without CAD and T2DM with 

CAD) was (10.3%) and (6.7%) 

respectively .A higher prevalence of 

individuals with a GSTT1present 

/GSTM1 null for both groups (58.6%) 
/(50.0%) respectively . According to 

these results we consider the 

(GSTM1+) genotype a risk factors to 

developed the CAD in T2DM patients. 

These results agreement with some 

researches which reported that the 

GSTT1 genotype reduces the incidence 

rate of type 2 diabetes mellitus and 

might be a protective factor[29,30].    

This may be the first study of 

association between T2DM, CAD and 

GSTs polymorphism in Iraqi 

population .Our results found that the 

GSTT1(+) genotype was protective 

factor for having T2DM or CAD while 

GSTM1 positive genotype was a risk 

factor for T2DM and CAD by 

increasing 1.78 fold. This finding 

didn't agreement with other studies. 

It is difficult to determine the role of 

polymorphism of different proteins 

involved in the inflammation in CAD . 

The studies of this kind have limitation 

in establishing the causal role in the 

disease. However, these studies 

contribute to the scientific evidence in 

elucidating the etiology of complex 

multifactorial diseases like CAD and 

hopefully provide a step in the search 

for candidate genes.  

 

Conclusion: Our results suggest that 

GSTM1 gene polymorphisms may play 

an important role to development CAD 

in T2DM patients. 
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( فً T1,M1تراًسفٍرٌز )  –تقٍٍن الذراست الجزٌئٍت للعلاقت بٍي الجلىتبثٍىى اس 

الإًبث العراقٍبث العربٍبث هصبببث بذاء السكري هي الٌىع الثبًً و إهراض 

 الشراٌٍي القلبٍت التبجٍت

 
 عٍسى العٍسى*ًغن     هروة هحً الذٌي هحوىد*

 بتىل علً شهبة*    عصبم ًىري سلوبى **

 
 جايعت بغداد.عهٕو انحٛاة, كهٛت انعهٕو نهبُاث, قسى *

 **انًركز انٕغُٙ لأبحاد ٔعلاج انسكر٘, انجايعت انًسخُصرٚت.

 

 الخلاصت: 
يرض انشراٍٚٛ انقهبٛت انخاجّٛ ينٍ انًاناغر انصنحٛت انا نرة ٔ انخنٙ حنىد٘ اننٗ ٔخناة امصناان انًصنابٍٛ       

حراَسنيٛرٚز ٔاعنا انًندٖ خنٙ ا اننت انسنًٛت ٔ امعنخقلا   –ٌٕٛ اس بداء انسكر٘ يٍ انُٕع انثاَٙ . اَزٚى انجهٕحاث

 خنٙننهن    .امظن راباث انًرظنٛت ياخهن  خنٙ ح نٕٚر يٍ ْنهِ انجُٛناث انٕظٛيٛت انًخغٛراث دٔر ثبج .امٚعٙ 

خنٙ انًرظنٗ  اينراض انشنراٍٚٛ انقهبٛنت خنٙ ح نٕٚر ٓنهِ انًخغٛنراثانندٔر انًحخًنم ن ْنهِ اندراعنت ححرُٚنا عنٍ 

 ٠٦) يرٚعنا٠٦ينٍ   راعنت  عهنٗ يجًٕعنّ حًنج انند خنٙ ْنهِ انحاننت بداء انسكر٘ يٍ انُنٕع انثناَٙ . انًصابٍٛ

 حنى قٛناس . ينٍ امَناد امانحاء ٠٦ٔ يرٚط يصابٍٛ بانسكر٘ ٔ ايراض انقهن    ٠٦رٚط بانسكر٘ خقػ ٔي

           نهكش  عٍ جُٛاث   PCRيٍ عُٛاث اندو ٔ حى عًم ال   DNAاندٌْٕ اناًاعٛت ٔ حى اعخالان اندَا) 

 GSTT1 and GSTM1.  اظٓرث انخحهٛلاث امحصائٛت بعدو ٔجٕد اخخلاخناث يعُٕٚنّ بنٍٛ انًجنايٛا انثلاثنت ٔ

 GSTT1أظٓننرث انخحهننٛلاث ائحصننائٛت بنناٌ ٔجننٕد أنجننٍٛ  بانُسننبت نٕجننٕد أ عنندو ٔجننٕد انجُٛنناث .

ْٔها ٚدل عهنٗ  OR=3.6ل ٚرحبػ بًعد GSTM1بًُٛا ٔجٕد أنجٍٛ  OR =0.51ٚرحبػ بًعدل 

ندٖ يرظٗ انسكر٘ كعايم ٔقاٚت ظد ائاابت بالأيراض أنقهبٛنّ.اٌ GSTT1  أٌ ٔجٕد أنجٍٛ 

ٚعخبر عايم خ ر نلاانابّ بناميراض انقهبٛنت خنٙ امصناان انًصنابٍٛ  GSTM1ٔجٕد انجٍٛ 

 بداء انسكر٘ يٍ انُٕع انثاَٙ .

 
حراَسنيرٚز,  -Sيرض انشراٍٚٛ انقهبٛت انخاجٛت, يرض انسكر٘ يٍ انُٕع انثناَٙ, كهٕحاثنإٌٚ  الكلوبث الوفتبحٍت:

 حياعم انسهسهت انًخعدد. 

  
 


