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ABSTRACT 

  
      Nitric oxide is an important vasorelaxant factor that it inhibits platelet adhesion and proliferation of 

smooth muscle cells. NO is synthesized from L-arginine by means of endothelial nitric oxide synthase 

(eNOS) which is an isoform of  Nitric Oxide Synthase.In the present study, we examined  possible 

association between the 27 base pair (bp) repeat  polymorphism in intron 4 of the  eNOS3 gene and 

hypertension in an Iranian  population. 40 patients with hypertension and 40 healthy controls were included 

in the research.Genotyping was performed by polymorphism chain reaction (PCR). The frequency of 4a4a, 

4a4b , 4b4b  genotypes  were  52.6% , 26.3%,  15.7% respectively  in hypertension groups .The frequency of 

4a4a, 4a4b , 4b4b  genotypes  were 73.8% , 15.7% , 10.5% respectively  in   control  groups. The 

hypertensive patient group showed a significant higher frequency of the 4a allele compared to the controls 

(p<0.01).The present study showed a singificant  association between the eNOS3 gene polymorphism and 

hypertension in the Iranian population . 
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INTRODUCTION 

      Hypertension is a multifactorial disease 

involving both environmental and genetic 

components that their  pathogenic mechanisms 

haven’t been clear yet. Clinical and Experimental  

studies suggest that an alteration in nitric oxide 

(NO) metabolism is a feasible contributing factor 

in the pathogenesis of hypertension[1-3]. Nitric 

oxide (NO) is a gaseous free radical and an 

important molecular mediator of many 

physiologic processes in virtually every organ[4]. 

Nitric oxide in the cardiovascular system is an 

important vasorelaxant factor that it  also inhibits 

platelet adhesion and proliferation of smooth 

muscle cells[5].Endothelial nitric oxide synthase 

(eNOS) is one of three isoforms of nitric oxide 

synthase which exhibits homology of sequence 

and function[6]. NO is synthesized from L-

arginine by means of endothelial nitric oxide 

synthase (NOS), which is an isoform of Nitric 

Oxide Synthase(NOS), as well as  it is dominant 

in the blood vessel walls [4,7]. 

The gene encoding eNOS is located on 

chromosome 7(7q35-q36) and it contains 26 

exons with an entire length of 21 kb [4,8]. Some 

studies considered the role of endothelial NOS in 

hypertension was provided by the observation that 

disruption of the NOS3 gene in knockout mice 

resulted in increase blood pressure  [3]. 

Association studies of intron 4 of eNOS gene 27 

bp polymorphism and hypertension  disease have 

reported variable results [9-14]. This study is 

carried out in order to  show the association of 

intron 4 polymorphism of the NOS3 gene with the 

incidence of hypertension in Iran population . 

  

MATERIALS AND METHODS 
      80 subjects were enrolled in this study.They 

are included 40 hypertension patients (14 men and 

26 women ) with age average 61/78 and 40 

normotensive subjects (26 men and 13 women) 

with age average 44/15. Arterial hypertension was 

defined according to the criteria of the World 

Health Organization that they are included a 

systolic blood pressure and diastolic blood 
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pressure of ≥ 140/90 mmhg [9]. Family history 

for early cardiovascular events were analyzed as 

previously reported [10]. Normal control subjects 

weren’t exposed to antihypertensive treatment and 

their SBP and DBP were less than 140 and 90 

mmhg, respectively. 

DNA analysis 

Genomic DNA was isolated from peripheral white 

blood cells by phenol-chloroform extraction and 

for genotyping was taken into EDTA-containing 

receptacies. The 27 base pair (bp) repeat 

polymorphism in intron 4 of the eNOS3 gene was 

analyzed with polymerase chain reaction followed 

by the method of Wang et al(15). Oligonucleotide 

primers of PCR were designed as follows: sense 

5’-AGG CCC TAT GGT AGT GCA TTT-3’ and 

antisense 5’-TCT CTT AGT GCT GTG CTC 

ACC-3.The amplified fragments were separated 

on 1 % agarose gel with ethidium bromide 

staining. 

Statistical analysis 

Statistical analysis was performed by using SPSS 

(Statistical Package for Social Science, Version 

16.0) .The Student’s t test was used for 

continuous variables, and the X
2
 test was used for 

categorical variables to test for statistical 

significance. 

 

RESULTS 
     From the 40 hypertensive subjects, 100 % of 

them remained on anti hypertensive therapy. 

Table .1 summarizes the demographic and clinical 

characteristic of all subjects. There were 

significant  differences between two groups with 

respect to age and gender.  

Apart from blood pressure , BMI, diabetes,  

family history and 27 bp polymorphism  were 

significantly higher in cases than in controls 

(P=0.009) . A 420 bp band indicated five repeats 

of the 27 bp (eNOS4b allele), and a 393 bp band 

four repeats (eNOS4a allele) (Fig1).  

 

 
Figure1. Genotype of intron 4 of eNOS gene 27 bp 

polymorphism 

 

The hypertensive patient group showed a 

significant higher frequency of the 4a allele 

compared to the controls (Fig 2). 

 
Table 1. Demographic and clinical characteristics of the study population. 

 Normotensive subjects=40 Hypertensive patients=40 

Age % 44.15 61. 78 

Sex(male) % 65  35   

BMI(kg/m
2
) % 24.78 28.01 

Diabetes % 2.5 22.5 

Smokers % 30 12.5 

Family history % 32.5 57.5 

27 bp polymorphism % 22      47.5  

 

DICSUSSION 
     In the present study, it is found that there is a 

significant correlation between eNOS gene 

polymorphism and the rate of hypertension in 

Iran_tehran population. Our results  showed that 

4a allele frequency of the eNOS gene intron 4a4b 

VNTR polymorphism were  significantly higher 

in patients with hypertension . Some researchers 
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have investigated the association between the 

eNOS gene intron 4a4b VNTR polymorphism and 

hypertension, with conflicting results; in 1998, 

Miyamoto et al [16] reported the 894T 
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Figure2. Distribution of genotype frequency  

 

 

allele was associated with increased risk of 

hypertension in Japanese, whereas Lacolley et al 

[17] claimed that the 894G allele was risk 

associated allele in Caucasians. However, two 

following Japanese studies with relatively large 

sizes did not replicate these positive results, they 

didn’t  reveal any association between the G894T 

polymorphism and hypertension [18,19]. Uwabo 

et al [20] reported that the 4a4b polymorphism 

was correlated with hypertension, which is 

concordant to our study 

The mechanism by which the NOS34a4b 

polymorphism confers susceptibility to 

hypertension hasn’t understood yet. The 4a4b 

polymorphism is associated with altered plasma 

NO levels, influencing both NO and enzyme 

production [21]. According to several studies 

concerning human and experimental 

hypertension, it is exhibited that production of NO 

is decreased the NO-dependent dilatation is 

blunted [22,23]. The main factor for the 

impairment of the NO-cyclic GMP pathway in 

hypertension seems to be located at the level of 

the NOS3. Additional evidences implicated 

dysfunction of NO system in hypertension [23,24] 

with fort et al [1]. Wang et al [24] observed that 

the intron 4b/a coordinated with the T-786C and 

regulated the transcription efficiency in a 

haplotype-specific fashion in vitro experiment. In 

addition,it is  also observed that the haplotype-

specific effects of T-786C and intron 4a/b on the 

eNOS gene promoter efficiency were modified  

by cigarette smoking in vitro experiment. In this 

study, we also examined  whether gender, age, 

BMI, family history and smoking(Table 1) status 

exert influence on the relationship of the three 

eNOS gene polymorphism and all possible 

haplotypes with hypertension by adding 

interaction terms .Although we  did not find any 

significant results ,it  could not excluded  the 

possibility that the eNOS gene variants are 

involved in hypertension within other 

environmental or genetic context. Tanus-santos et 

al [25] observed that the distribution of these three 

eNOS polymorphism frequencies were markedly 

different among Caucasians, African-Americans 

and Asians. 

 

CONCLUSION 
     The present study showed a significant  

association between the eNOS3 gene 

polymorphism and hypertension in the Iran-

Tehran  population .For the future study it is 

necessary to select the other genes which involved 

in hypertension condition .  
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