
Tanoon et al.                                                                   European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com        │        Vol 9, Issue 5, 2022.         │          ISO 9001:2015 Certified Journal        │ 

 

185 

 

 

 

ENDOTHELIAL NITRIC OXIDE SYNTHASE GENE T-786C POLYMORPHISM AMONG 

SICKLE CELL ANAEMIA PATIENTS IN KHARTOUM, 2017 
 

 

Hiba Hussein Tanoon
1
* and Ibrahim Khidir Ibrahim

2
 

 
1
Department of Haematology, Faculty of Medical Laboratory Sciences, Al-Neelain University, Khartoum, Sudan. 

2
Associated Professor of Haematology, Department of Haematology, Faculty of Medical Laboratory Sciences, Al-

Neelain University, Khartoum, Sudan. 

 

 

 

 

 
Article Received on 01/03/2022                                Article Revised on 20/03/2022                               Article Accepted on 11/04/2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Sickle-cell disease (SCD) is a group of genetically 

passed down blood disorders.
[1] 

The most common type 

is known as sickle-cell anaemia (SCA). It results in an 

abnormality in the oxygen-carrying protein haemoglobin 

found in red blood cells. This leads to a rigid, sickle-like 

shape under certain circumstances.
[1] 

Problems in sickle 

cell disease typically begin around 5 to 6 months of age. 

A number of health problems may develop, such as 

attacks of pain ("sickle-cell crisis"), anemia, bacterial 

infections, and stroke.
[1]

 Sickle-cell disease occurs when 

a person inherits two abnormal copies of the 

haemoglobin gene, one from each parent.
[3]

 

Several 

subtypes exist, depending on the exact mutation in each 

haemoglobin gene.
[1]

  

 

Nitric oxide synthases (NOSs) are a family of enzymes 

catalyzing the production of nitric oxide (NO) from L-

arginine. NO is an important cellular signaling molecule. 

It helps modulate vascular tone, insulin secretion, airway 

tone, and peristalsis, and is involved in angiogenesis and 

neural development. It may function as a retrograde 

neurotransmitter. Nitric oxide is mediated in mammals 

by the calcium-calmodulin controlled isoenzymes eNOS 

(endothelial NOS) and nNOS (neuronal NOS). The 

inducible isoform, iNOS, is involved in immune 

response, binds calmodulin at physiologically relevant 

concentrations, and produces NO as an immune defense 

mechanism, as NO is a free radical with an unpaired 

electron. It is the proximate cause of septic shock and 

may function in autoimmune disease.
[4] 

In the 

cardiovascular system, it causes vasodilatation, inhibition 

of platelet aggregation, prevention of leukocyte adhesion 

and suppression of vascular smooth muscle cell 

migration. Therefore, it may inhibit the initiation and/or 

progression of atherosclerosis.
[5] 

Hingorani et al.,
[6] 

first 

described a point mutation of guanine to thymine (T) at 

nucleotide 1917 in exon 7 of the NOS3 gene, resulting in 

the replacement of glutamic acid by aspartic acid at codon 

298 (Glu298Asp, also known as G894-T, rs1799983).
[5]

 

 

MATERIALS AND METHODS 
This study is a case-control study, conducted in Khartoum, 

Sudan, in the period from November 2016 to March 2017. 

Ninety two samples included in this study, 46 of them 

were Sickle disease Sudanese patients and other 46 as a 

control group were evaluated to detect Endothelial Nitric 

Oxide Synthase Gene T-786C polymorphism. 

 

Blood samples were collected from all subjects. Three ml 

of blood was collected in EDTA containers for detect 

Endothelial Nitric Oxide Synthase Gene T-786C 
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polymorphism, and test was run using polymerase chain 

reaction method. The control group consisted of healthy 

volunteers without a medical history of diseases. This 

study was approved by ethical committee of ministry of 

health, and informed consent was obtained from each 

participant before sample collection. 

 

Polymerase chain reaction 

Analysis of the eNOS786T > C promoter polymorphism 

was carried out by allele specific polymerase chain 

reaction method. The oligonucleotide primers used in the 

reaction were C0: 5’ TTT CTC CAG CCC CTC AGA TG 

3’; 2684C: 5’ GGC AGA GGC AGG GTC AGA CG 3’; 

2684 T: 5’ CAT CAA GCT CTT CCC TGT CT 3’ and 

T0: 5’ AGG CCC AGC AAG GAT GTA GT 3’. 

Amplification was performed in a total volume of 20 µL 

containing 50 ng genomic DNA, 0.25 µmol/L 2684T and 

2684C primers, 0.063 µmol/L T0 and C0 primers, 62.5 

µmol/L dNTPs, 1.5 µmol/L MgCl2, and 0.4 U Taq 

polymerase (Genei Bangalore). After a hot start at 96 ℃, 

amplification was achieved by 35 cycles at 94 ℃. 

 

Agarose gel electrophoresis 

After performing polymerase chain reaction, the 

amplicons were resolved on a 3% agarose gel stained 

with ethidium bromide and visualized under ultraviolet 

gel documentation. The C and T alleles gave a 176 bp 

and a 250 bp product, respectively, with a 387 bp 

common product. The genotypes was determined based 

on the appearance of bands with the help of 100 bp 

ladder. Ten percent of the samples was taken randomly, 

subjected to sequencing and no bias was observed in the 

genotyping. 

 

RESULTS 

A total of 92 subjects were recruited to participate in this 

study, among them 46 as patients group and also 46 as 

control group. In the case group, 25 (54.3%) were males 

and 21 (45.7%) were females, and in control group 26 

(56.5%) were males and 20 (43.5%) were females. 

Concerning to the age the mean age of patients group was 

50.56 ± 9.45 years and 35.06 ± 6.48 years for control 

group. Regarding to sickle diagnosis among patients 

group 32 (69.6%) were diagnosed with Hb-SA while 

remain of 14 (30.4%) were Hb-SS (Table 1, Fig. 1). 

 

The molecular analysis showed that the detected 

genotype in sickle cell anaemia patients was T/T; as in 

the control group the T/T genotype, while the genotype 

T/C and C/C was completely not detected among the 

study subjects (Table 2). 

 

No association was found between SCA and presence of 

nos3 gene polymorphism it was not a risk factor for the 

development of SCA. 

 

Table 1: Shows Gender and Age among study group (n=92). 

 Patients Control P. value 

Gender    

Male 25 (54.3%) 26 (56.5%) 
0.500 

Female 21 (45.7%) 20 (43.5%) 

Age (mean ± SD) 50.56 ± 9.45 35.06 ± 6.48 0.358 

 

 
Figure 1: Sickle cell anaemia diagnosis among patients group (n=46). 

 

Table 2: Show eNo polymorphism distribution among study group (n=92). 

 Case Control P. value 

TT 46 (100%) 46 (100%) 
1.000 

TC 0 (5.6%) 0 (0.0%) 
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DISCUSSION 

Sickle cell disease (SCD) is one of the major health 

problems in many parts of the world. SCD is 

characterized by multisystem complications with marked 

variability in its severity between patients, probably 

linked to nitric oxide (NO). Endothelial nitric oxide 

synthase (eNOS) enzyme which is responsible for NO 

synthesis may be implicated in SCD pathophysiology. 

We performed a case-control study and genotyped eNOS 

SNP (T-786C) in 46 cases of SCD and 46 controls. To 

our knowledge there are many studies performed to 

examine the role of the eNOSSNP (T-786C) in the 

pathogenicity of sickle cell anaemia in Sudan. Many 

published reports have suggested the involvement of 

eNOS polymorphisms in the pathogenesis of sickle cell 

complication.
[7]

 Tanus-Santos et al found marked 

interethnic differences in the distribution of eNOS 

variants: (-786C) allele was more common in Caucasians 

than in Asians or African-Americans.
[8] 

Our study show 

agreement with study done in Sudan by Nada H. Eltayeb 

et al.
[9] 

they found tha there is no significant association 

between single nucleotide polymorphism (T-786C) and 

Sickle cell Disease in Sudan, This study indicated lack of 

association between single nucleotide polymorphism (T-

786C) and Sickle cell Disease among Sudanese patients. 

Thakur TJ et al found that the wild type alleles are the 

most frequent for all eNOS variants between cases and 

controls. Allelic and genotypic frequencies of eNOS 

polymorphic groups are not significantly different 

between cases and controls.
[10] 

There is finding in 

disagreement from study done in India that showing a 

significant association of eNOS SNP (T-786C) with 

SCD.
[10] 

Factors such as sample sizes, ethnic 

heterogeneity and environmental factors contributed to 

this contrast in results. 

 

In our study, the sample size was small thus; a larger 

number of patients and controls needs to be examined to 

confirm the association between this polymorphism and 

Sickle cell disease. 

 

CONCLUSION 
The present study showed no associations between the 

eNOS SNP (T-786C) and sickle cell anaemia in Sudan. 
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