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Conflicting data concerning the association between methylenetetrahydrofolate reductase gene MTHFR (C677T and 

A1298C) polymorphisms with or without hyperhomocysteinemia and myocardial infarction exists and data from developing 

countries is limited thus, a current study initiated to study whether any association exist between the above polymorphisms 

and myocardial infarction among Kurdish patients from Duhok province/Iraq. 

A case-control study was performed in Azadi teaching hospital/Duhok/Iraq and included 75 patients with acute 

myocardial infarction and 75 age and sex-matched normal controls. All the patients and controls had their 

methylenetetrahydrofolate reductase gene analyzed for C677T and A1298C polymorphism using polymerase chain 

reaction/restriction fragment length polymorphism technique as well as their homocysteine level. 
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Methylenetetrahydrofolate reductase (MTHFR) gene 

polymorphism had been studied extensively and had 

been implicated in the pathogenesis of different 

diseases including coronary heart diseases, psychological 

diseases ―Alzheimer’s disease, depression, autism‖, 

various cancers and malignancy as well as in increasing 

fetal morbidity and mortality such as recurrent fetal 

loss and neural tube defect through mechanisms 

related directly or indirectly to hyperhomocysteinemia
1,2

. 

MTHFR (C677T) results in the production of 

thermolabile MTHFR variant with the half activity of 

the normal enzyme and is associated with mild 

hyperhomocysteinemia particularly in the presence of 

folic acid deficiency
3
. MTHFR (C677T) is a common 

variant occurs at increasing frequency in Iraq and 

surrounding Mediterranean countries
4
. 

Although the second common MTHFR variant 

(A1298C) show normal MTHFR enzyme activity and 

its associated with normal homocysteine level
5
, it has 

been studied extensively and had been contributed to 

various disorders including coronary heart disease 

through its effect on the conversion of MTHF to BH4 

(tetrahydrobiopterin, an important cofactor in the 

creation of neurotransmitters), and the production of 

nitric oxide
6,7

. 

Hyperhomocysteinemia might arise from MTHFR 

(C677T) polymorphism as well as from other  

non-genetic conditions including renal failure, 

increasing alcohol consumption, vitamin B6 

deficiency, folate, and vitamin B12 deficiency
7,8

. 

Although different mechanisms postulated in 

homocysteine-induced coronary heart disease 

including vascular endothelial dysfunction, nitrous 

oxide secretion inhibition, prostaglandin dysregulation 

and endothelium-derived hyperpolarizing factors 

(EDHF) inhibition
9
; a query still exists about the real 

mechanism and the exact pathogenesis. That is why 

the current study imitated to find any role of MTHFR 

gene polymorphisms and hyperhomocysteinemia in the 

pathogenesis of catastrophic arterial diseases-myocardial 

infarction among Kurdish patient from Duhok/Iraq. 
 

Materials and Methods 

The current study represents a case-control study. 

A total of 75 patients with acute myocardial infarction 

(AMI) attending the coronary care unit (CCU) of 

Azadi teaching hospital in Duhok/Iraq were enrolled. 

These patients were diagnosed as described by the 

universal definition of myocardial infarction
10

. Also, 

75 age and sex-matched subjects with no history of 

myocardial infarction were recruited for the purpose 

of the current study and used as control. Individuals 

with hyperlipidemia, uncontrolled diabetes, renal 

failure, or morbid obesity were excluded
11

. At first, 
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informed consent was gained from all enrolled 

patients and the study was approved by the 

appropriate ethical committee at the Duhok 

directorate of health and Duhok College of Medicine.  

Supportive information was collected from all 

enrolled individuals and then blood was collected in 

gel and K2- EDTA tubes from each enrollee and all 

had their DNA extracted by a modified salting-out 

extraction method adopted by Iranpur-Mubarakeh and 

his colleagues that yield high quantity with high 

purity DNA
12,13

. 

Genotyping was performed by polymerase chain 

reaction-restriction fragment length polymorphism 

(PCR–RFLP) method. For MTHFR (C677T) 

polymorphism, the DNA was subjected to amplification 

with primers: 677-F: 5GCCTCTCCTGACTGTCATCC3 

and 677-R: 5GGAGCTTATGGGCTCTCCTG3 to 

produce a 254 bp fragment, then digested with HinfI 

restriction enzyme and finally subjected to electrophoresis. 

Following gel electrophoresis on 2% agarose (Fig. 1), 

individuals with wild 677CC variant will show only 

254 bp band; individuals with heterozygous 677CT 

variant will show three 254, 147, 107 bands pattern 

and individuals with homozygous 677TT will show 

147 and 107 bp pattern
14

. 

For MTHFR (A1298C) polymorphism; amplification 

performed with primers 1298-F: 5-CTTTGGGGAGCTG 

AAGGACTACTAC-3 and 1298-R: 5-CACTTTGT 

GACCATTCCGGTTTG-3 to produce an 84 bp 

fragment, then digested with MboII restriction 

enzyme and finally subjected to polyacrylamide 

electrophoresis (Fig. 2). Individuals with wild 

1298AA variant will show two bands 56 bp and 28 bp 

pattern; individuals with heterozygous 1298AC 

variant will show three 84, 56, and 28 bp bands 

pattern and individuals with homozygous 1298CC 

will show single 84 bp band pattern
14

. 

After completion of molecular work, statistical 

analysis done with allele frequencies calculation and 

comparisons of different allele frequencies between 

patients and control groups using χ2 test for genotype 

and allele frequencies using SPSS windows version 

23.0 software. A level of P <0.05 was considered 

statistically significant.  

 
 

Fig. 1 — Different pattern was seen following amplification with 

specific primers for MTHFR C677T polymorphism and enzyme 

digestion with HinfІ enzyme. Individuals with wild 677CC variant 

show only 254 bp band (lanes 3, 5); heterozygous 677CT variant 

show three 254, 147, 107 bands pattern (lanes 2, 4, 6, 7) and 

homozygous 677TT showing 147 and 107 bp pattern (lane 1). 

Electrophoresis was performed on 2% agarose gel electrophoresis, 

run at 95-100 volt/cm for 60-90 min. lane L: represents DNA 

Marker of (100-1500 bp). 

 
 

Fig. 2 — Different pattern was seen following amplification with 

specific primers for MTHFR A1298C polymorphism and enzyme 

digestion with MboII enzyme. Individuals with wild 1298AA 

variant show two bands 56 bp and 28 bp pattern (lanes 4,6); 

heterozygous 1298AC variant show three 84, 56, and 28 bp bands 

pattern (lanes 1,2,5) and homozygous 1298CC showing single  

84 bp band pattern (lane 3). Electrophoresis was performed  

on Acrylamide gel electrophoresis, run at 95-100 volt/cm for  

90-120 min. lane L: represents DNA Marker of (50 bp). 
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Results 

The age of the enrolled patients ranged from  

29 to 85 years with a median age of 59 years  

(mean ± SD = 57.96 ± 11.45 years). From these 

patients, 43 (57.3%) were males and 32 (42.7%) were 

females with male to female ratio of 1.34:1. While  

the control group had ages ranging between 36 to  

75 years with a median age of 55 years (mean ± SD = 

54.62 ± 10.33 years) with the same male: female 

ration as patients.  

Serum homocysteine level for both patients  

and controls shown in (Table 1) and it reveals that  

in patient's group were ranged from 5.32-111.34 

µM/L with a median 13.23 µM/L, while it was  

4.11-52.1 µM/L with a median of 12.32 in the control 

group. No significant difference detected between 

both groups (P =0.271). 

Data analyses for genotypic and allelic frequency 

for this study are shown in (Table 2). For MTHFR 

C677T polymorphism they reveal that DNA from  

42 patients and 36 controls showed the persistence of 

the same 254 bp segment following digestion with 

Hinf І enzyme, which was consistent with the 677CC 

variant. While 25 patients and 32 controls showed 

three bands (254, 147, and 107 bp) pattern of 

heterozygous 677CT state and the remaining  

8 patients and 7 controls showed two bands (147 and 

107 bp) pattern of the homozygous 677 TT state. 

Using the Chi-square test, no significant difference 

detected between both groups regarding MTHFR 

mutation with (P =0.4892). Also when sex was taken 

into consideration no significant difference detected 

between males of both groups regarding MTHFR 

mutation with (P =0.4761) and the same is applied to 

female with (P =0.8456). 

For MTHFR A1298C polymorphism they reveal 

that DNA from 36 patients and 37 controls showed 

two band pattern (56 and 28 bp) following digestion 

with MboII enzyme, which was consistent with the 

1298AA variant. While 31 patients and 28 controls 

showed three bands 84, 56, and 28 bp pattern of 

heterozygous 1298AC state and the remaining 8 patients 

and 10 controls showed single band (84 bp) pattern of 

the homozygous 1298CC state. Using the Chi-square 

test, no significant difference detected between both 

groups regarding MTHFR A1298C mutation with  

(P =0.8765). Also when sex was taken into 

consideration no significant difference detected 

between males of both groups regarding MTHFR 

mutation with (P =0.9854) and the same is applied to 

female with (P =0.9125). 
 

Discussion 

Myocardial infarction is a multifactorial disorder 

that arises from the interaction of inherited genetic 

elements with the environmental factors that lead to 

atherosclerosis and coronary artery occlusion. The 

same is applied to hyperhomocysteinemia that might 

arise from the same previous interactions and large 

numbers of studies from different areas of the world 

have claimed hyperhomocysteinemia to be a risk 

factor for arterial diseases including myocardial 

infarction
15

 and cerebrovascular accident
4
. However, 

despite this a discrepancy still exists for two reasons, 

firstly they fail to show any reduction in recurrence 

rate of such catastrophic disorders following therapy 

with B12 and folate that led to reduction in serum 

homocysteine level
16,17

 and secondly almost all 

studies including the current study have shown that 

MTHFR (C677T) polymorphism were associated with 

mild to moderate elevation of serum homocysteine 

level and they fail to show any correlation of such 

polymorphism with increased risk of myocardial 

infarction
17

. 

The current study revealed none significant higher 

level of serum homocysteine among myocardial infarction 

patient in comparison to that of control and this 

contradictory result to the majority of previous studies 

may reflect different genetic and environmental factors 

including dietary folate load as well as the ethnic 

background of Kurdish people living in the region. 

The other data were consistent with previous studies 

including a positive correlation of MTHFR (C677T) 

Table 1 — Homocysteine levels in the patient and control group 

Group (no.) Mean SD Median 

Patients  17.48 20.22 13.23 

Controls 15.36 10.43 12.32 
 

Table 2 — Results of MTHFR gene polymorphisms among 

patients and control 

Genotype Patients Patients Controls 

MTHFR 

C677T  

CC 42 (56%) 36 (48%) 

CT 25 (33.3%) 32 (42.7%) 

TT 8 (10.7%) 7 (9.3%) 

Allele 

frequency 

C 109/150 (72.7%) 104/150 (70.3%) 

T 41/150 (27.3%) 46/150 (30.7%) 

MTHFR 

A1298C  

AA 36 (48.0%) 37 (49.3%) 

AC 31 (41.3%) 28 (37.3%) 

CC 8 (10.7%) 10 (13.3%) 

Allele 

frequency 

A 103/150 (68.7%) 102/150 (68.0%) 

C 47/150 (31.3%) 48/150 (32.0 %) 
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polymorphism with a higher level of homocysteine 

level and negative correlation of MTHFR (A1298C) 

with increased homocysteine level
18

. 

Both MTHFR (C677T) and MTHFR (A1298C) 

variants occur in the region at a polymorphic rate and 

this was consistent with the previous data from the 

surrounding countries, Middle East, European, North 

American, Australian and Asian countries
4,17

. The current 

study fails to show any correlation of the above two 

variants with myocardial infarction and this was consistent 

with most data from surrounding countries
17,19

.  

Lewis et al. (2005) have drawn a conclusion  

from previous meta-analyses and reach to the fact  

that folic acid, through lowering homocysteine, has 

failed to have any role in the prevention of 

cardiovascular disease and this may augment our 

study that refutes any role of hyperhomocysteinemia 

in the causation of myocardial infarction
20

. And finally, 

It is not clear that homocysteine, as well as MTHFR 

(C677T, A1298C) polymorphisms, has a causal role 

in atherosclerosis and current study do not support  

the pharmacological lowering of homocysteine with 

folate and B12 therapy. 
 

Conclusion 

No significant differences were found regarding  

the methylenetetrahydrofolate reductase (C677T and 

A1298C) polymorphisms and total homocysteine 

levels between patients with myocardial infarction 

and controls.  
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