Network Biology, 2020, 10(4): 84-91

Article

Association

of VNTR 27-bp polymorphism in intron 4 of the eNOS3

gene and predisposition to Ischemic Heart Disease among Taif
population in Saudi Arabia
Adel Qlayel Alkhedaide1, Adil Mergani1,2, Mohamed Mohamed Soliman1,3, Tamer Ahmed Ismail1,4,
Samir Ahmed Elshazly5,6, Ayman Sabry7,8
1

Medical Laboratory Department, Turabah University College, Taif University, Turabah, P.O. Box 888 Zip Code 21974, Saudi

Arabia
2

Department of Human Molecular Genetics, National Cancer Institute (NCI), Gezira University, Sudan

3

Biochemistry Department, Faculty of Veterinary Medicine, Benha University, Toukh, Egypt

4

Physiology Department, Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt

5

Department of Biotechnology, Faculty of Science, Taif University, Taif, P.O. Box 888 Zip Code 21974, Saudi Arabia

6

Biochemistry Department, Faculty of Veterinary Medicine, Kafrelsheikh University, Kafrelsheikh, Egypt

7

Department of Biology, Faculty of Science, Taif University, Taif, P.O. Box 888 Zip Code 21974, Saudi Arabia

8

National Research Center, El Buhouth St., Zip Code 12622, Dokki, Giza, Egypt

E-mail: adelglhk@hotmail.com
Received 21 June 2020; Accepted 4 September 2020; Published 1 December 2020

Abstract
Genetic variation and polymorphism became a hot spot for researches to study the link between societies and
certain endemic diseases. This study is an attempt to examine the possible association of the incidence of
ischemic heart disease with the genetic variations of 27-bp variable number of tandem repeats located in intron
4 of the eNOS3 gene among Taif population. A case-control study included 81 Ischemic Heart Disease (IHD)
patients and 225 unrelated healthy participants from the population living in Taif City. Genotyping of the
candidate sequence 27-bp repeat located in intron 4 VNTR of the eNOS3 gene in was conducted using the
polymerase chain reaction technology. The minor allele (4a) was slightly less frequent among IHD patients
and insignificantly linked to reduced relative risk for IHD. In addition, a significant difference in the
distribution of both heterozygous genotype 4a4b between IHD patients and normal groups (p value = 0.012).
Presented data suggest that the heterozygous genotype of eNOS3 gene intron 4a4b VNTR variation is might be
associated with lowering the risk of IHD in the Taif population in the west of Saudi Arabia. While the minor
allele (a) of the eNOS3 gene is insignificantly related to the predisposition of IHD.
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1 Introduction
Ischemic heart disease (IHD) is a medical term that describes impairment of oxygen supply to a part of the
heart that causes about 30% of mortality worldwide which accounts for more than 17 million deaths and
represents an 80% occurrence, especially in low-income countries (Wong, 2014). In the Kingdom of Saudi
Arabia, the prevalence of ischemic heart disease IHD is about 5.5% (Aljefree and Ahmed, 2015). The term
IHD describes different cardiac diseases such as myocardial infarction, stable or unstable angina and sudden
cardiac death (Wong, 2014; Mocevic et al., 2015). Atherosclerosis is the major cause that leads to IHD which
in turn caused by several factors such as hypertension, diabetes, tobacco smoking and hypercholesterolemia
(Mocevic et al., 2015). Nowadays, several studies have shifted to understand the genetic principles that might
underly the IHD. In 2007, J. Samani and his colleagues reported clear evidence for the association of genetic
variation with the incidence of coronary heart disease and myocardial infarction (Samani et al., 2007). In
parallel, it has clarified that there are 33 genetic variants were associated with IHD, 10 out of them were linked
with lipids and hypertension (Samani et al., 2009; Dichgans et al., 2014; Martinez and Okoshi, 2018).
In another context, the physiological role of Nitric Oxide (NO) in cardiac functioning is being quite clear.
NO protects the vascular system via inhibiting platelet aggregation and disrupts the adhesion between
leukocyte and endothelium which in turn decreases susceptibility to atherosclerosis (Bredt and Snyder 1994;
Davignon and Ganz 2004). In mammals, Nitric Oxide Synthase is the enzyme responsible for the endogenous
NO production. Nowadays, three isoforms of Nitric Oxide Synthase have been identified; endothelial form
(eNOS), inducible form (iNOS) and neural form (nNOS) (Davignon and Ganz, 2004). In humans, this enzyme
is encoded by a gene located in chromosome 7 in the 7q35-7q36 region is called eNOS3 (Marsden et al., 1992).
Several studies have been conducted on eNOS3 gene polymorphism and the association of that variation with
different chronic disorders. The first study was published by Hingorani et al who reported that there is a
substitution of guanine (G) with thymine (T) in the eNOS3 gene and glutamic acid was replaced by aspartic
acid according to that mutation (Hingorani, 2003). G894-T mutation was reported to be associated with
different chronic or acute diseases such as coronary spasm, myocardial infarction (MI) and hypertension
(Colombo et al., 2002; Shimasaki et al., 1998). Nadaud and his colleagues have reported that there are two
alleles in the fourth intron of the eNOS3 gene that have been designated as 4a and 4b (Nadaud et al., 1994). In
these two alleles, there are four tandem repeats (27-bp) at 4a allele and five repeats at 4b allele (Nadaud et al.,
1994). Other consequent studies investigated the possible link between the 4b/a polymorphism and some
chronic diseases such as renal failure, diabetes, hypertension and coronary artery disease (Asakimori et al.,
2001; Patkar et al., 2009; Al Fadhli, 2013; Ma et al., 2014). In Saudi Arabia particularly in the Taif region, the
distribution of these two alleles is not in Hardy-Weinberg equilibrium (Alkhedaid et al., 2016). Therefore, the
current study aims to examine the association between the genetic variation of the variable number of tandem
repeats (VNTR) (27-bp) polymorphism the eNOS3 gene and the occurrence of ischemic heart disease among
Taif population.
2 Materials and Methods
2.1 Sample collection
Whole blood specimens were extracted from 225 unrelated healthy individuals and 81 Ischemic Heart Disease
(IHD) patients from people live in Taif. All participants were Saudi citizens, nonsmokers and their ages ranged
between 40-95 years and the mean age was 76.87 ± 14.46 years. The procedures were approved by the Ethical
and Scientific Research Committee (ESRC) at Turabah University College. All blood chemistry was assayed
using Cobas600© system form Roche, Basel, Switzerland.
2.2 Genetic screening of the 27-bp repeats of the eNOS3 gene
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The whole DNA was isolated from the blood specimens following the standard protocol of Sambrook et al,
(Russell and David, 2001). Genotyping determination was carried out using traditional PCR amplification
along the target region in the fourth intron of the eNOS3 gene and using a forward primer (5'- GCC CTATGG
TAG TGC CTT -3') and reverse primer (5'-CTC TTAGTG CTG TGG TCA C -3'). Each PCR reaction sample
contained 15 μl (4 μl of (60 ng/μl) genomic DNA + 7.5 μl 2X Taq complete master mix purchased from
Promega, Madison, Wisconsin, United States + 0.75 μl (5 ρ moles ) of each primers + 2 μl PCR grade H2O).
Samples were heated for 5 minutes at 94°C and followed by 40 cycles of (94°C for 30 sec, 68°C for 30 sec and
72°C for 30 sec) with the final extension at 72°C for 3 minutes. The PCR products were investigated by
electrophoresis on a 2% agarose gel stained with ethidium bromide. Both alleles 4b and 4a were identified at
420 bp and 393 bp respectively, as shown in Fig. 1.

Fig. 1 The 420-bp band indicates five repeats and the 393-bp band indicates four repeats of the 27-bp consensus sequence. Lanes
1, 2, 3, 5, 6, 8 and 9 are a/b heterozygous; lanes 4, 7 and 10 are b/b homozygous. Lane 11: A 100-bp DNA marker.

2.3 Statistical analysis
Data obtained were analyzed using the Statistical Package for the Social Science software (SPSS) compatible
with Windows 14. T-test was used to compare the distribution of genotypes between IHD cases and healthy
individuals. Different statistical functions were applied to study different statistical concepts. The Chi-square
test was applied to compare categorical data. Hardy-Weinberg equilibrium was used to study both genotypes
and alleles frequencies of the 27-bp repeat polymorphism. The magnitude of association the polymorphism
different genotypes (4a4a, 4a4b and 4b4b) and alleles (4a and 4b) and genetic susceptibility to IHD among
participants were tested via Cochran - Armitage (CA) trend test and Odd ratios (ORs) and 95% confidence
intervals (CIs) in different genetic models of inheritance were calculated. All P values of less than 0.05 were
considered significant. Data were verified via repeating the PCR for at least three times.
3 Results
3.1 Characteristics findings of study subjects
The IHD patients ages were ranges between (40-95) years and the mean was (76.87 ± 14.46) years old. 49
(60%) are men and 32 (40%) are women, there is a significant difference between them (p-value = 0.044). The
highest incidence of the onset of the disease was found among the age group (50 – 60 years). Table I shows a
significant difference in serum glucose between the two examined categories in which the p-value was 0.006.
Similar findings between IHD cases and controls in serum triglycerides l (p-value = 0.001) and serum
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low-density lipoprotein (p-value = 0.001) while, there were no significant differences observed between IHD
and normal participants in total cholesterol levels (p-value = 0.899).
Table 1 Comparison of characteristics findings in IHD patients and control groups.
Characteristics

Patients

Controls

p - value

(Mean ± SD)

(Mean ± SD)

AGE (Yrs)

66.87 ±13.70

62.00 ±20.20

0.095

Body weight (kg)

81.00 ±15.65

80.32 ±16.013

0.469

Body Mass Index (kg/m2)

28.90 ± 2.39

27.90 ± 5.39

0.222

Systolic BP

138.67 ± 25.43

137 ± 25.43

0.886

Diastolic BP

78.50 ± 12.39

77 ±8.2

0.431

TWBCs (cell/ dl)

8.20 ±3.00x103

7.29 ±2.49 x103

0.421

Hb (gm / dl)

13.46 ± 2.1

13.98 ±2.59

0.697

RBS ( mmol/l)

11.71 ±5.44

9.82 ±3.60

0.006

Total Cholesterol Level ( mmol/l)

4.21 ±1.29

4.08 ±0.88

0.899

Serum Triglycerides ( mmol/l)

2.315 ±0.692

1.468 ±0.645

0.001

HDL ( mmol/l)

1.170±0.380

1.265±0.380

0.599

LDL ( mmol/l )

3.662 ±1.3

2.432 ±1.3

0.001

3.2 Evaluation of the link of 27-bp repeat variation in the fourth intron of the eNOS3 gene and ischemic
heart disease incidence
Fig. 2 demonstrated the distribution of 27-bp repeat variation in intron 4 of the eNOS3 gene genotypes and
allele frequencies of both IHD patients and healthy individuals. There was a significant difference in the
distribution of both heterozygous genotype 4a4b between IHD patients and normal groups (p value = 0.012) as
clearly shown in Fig. 2. The extent of the variation associated with susceptibility to IHD in the study subject
was determined via relative risk and odds ratio for its penetrance in different genetic models of inheritance.
Results of association and analysis show there are no association was found between eNOS3 alleles and IHD
as shown in Table 2 as the 95% confidence interval for both relative risk and Odd ratio include 1. These data
indicate that having a 4a allele is might be but insignificantly associated with reduced risk for IHD among the
population of Taif.
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Fig. 2 The distribution of 27-bp repeat polymorphism in intron 4 of the e NOS gene genotypes (4a4a. 4a4b and 4b4b) and allele
frequencies (4a and 4b) among IHD patients and healthy controls. Genotypes and alleles frequencies were expressed as
percentage.

Table 2 Relative risk and odds ratio associated with eNOS3 alleles along with 95% confidence interval.

Allele

Relative Risk

Odds Ratio

a

0.95 (0.80, 1.14)

0.90 (0.60, 1.34)

b

1.05 (0.88, 1.25)

1.11 (0.75, 1.66)

4 Discussion
Ischemic heart disease is one of life threading chronic diseases over the world. The ischemic heart disease
incidence differs between different races or ethnic groups and the frequencies of eNOS3 gene variations have
been reported to vary in different populations (Matyar et al., 2005; Jemaa et al., 2009; Ichihara et al., 1998;
Angeline et al., 2010). In Saudi Arabia is one of the major killer diseases which are mainly caused by diet and
lifestyle.
Studying eNOS3 gene polymorphism is one of the genetic investigations that conducted to understand the
association of that variation with IHD. The relationship between 4a allele and susceptibility to CAD was first
reported by Wang and his colleagues (Wang et al., 1999). In Australia, they confirmed that its rule consistent
with the recessive model of inheritance (Wang et al., 1999). It had been reported that the distribution of alleles
and genotypes of VNTR 27-bp variation in intron 4 of the eNOS3 gene was not in Hardy-Weinberg
equilibrium in the Saudi population from Taif region which means that the genetic variation and allele
frequencies are not inheritance constantly as reported in a study published in 2016 (Alkhedaid et al., 2016).
Herein, we investigated the rule of eNOS3 gene intron 4a4b VNTR polymorphism in predisposition to IHD
among the Taif population. Data showed that the heterozygous genotypes and the minor allele (4a) might be
associated with a reduced relative risk for IHD under both the dominant model and basic allelic as shown in
Table 2 and Fig. 2. Several previous studies demonstrated the association between 4a/4b genotype and CAD
(Angeline et al., 2010, Samani et al., 2007; Colombo et al., 2002; Ichihara et al., 1998; Ma et al., 2014). A
significant association was reported between 4a allele of the NOS3 4a/4b gene polymorphism and
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susceptibility to IHD in the Tunisian, Japanese and European populations (Jemaa et al., 2009; Ichihara et al.
1998; Gardemann et al., 2002; Casas et al., 2006). Other studies did not detect any link of the NOS3 4a/4b
gene polymorphism and susceptibility to IHD in Taiwanese and German populations (Hwang et al., 2002;
Gardemann et al., 2002).
The discrepancy reports in the rule of eNOS gene intron 4a4b VNTR polymorphism and predisposition to
IHD from different populations may be attributed to differences in genetic background and gene-environment
interactions among various populations (Gardemann et al., 2002; Yang et al., 2014; Abolhalaj et al., 2013).
Therefore, our results cannot be considered contradictory to some of the previous studies from other
populations. From all of these observations, it seems the link between eNOS3 intron 4b/a VNTR variation with
CAD still not fully explained. However, the insignificant protective effect of the minor allele (a) of this
polymorphism in this study might be due to a direct effect of another genetic variation in the vicinity of the
gene that is linked to the minor allele as well as might be attributed to the small size of the investigated
sample.
5 Conclusion
Our data concluded that the heterozygous genotype of eNOS3 gene intron 4a4b VNTR variation is might be
associated with lowering the risk of IHD in the Taif population in the west of Saudi Arabia. While the minor
allele (a) of the eNOS3 gene is insignificantly related to the predisposition of IHD. These data require further
investigations with larger sample size.
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