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Abstract 
Introduction: Diabetes mellitus is a chronic disease whose global expansion 
gives it the characteristics of a pandemic. Diabetes risk factors are well known. 
In this work we proposed to study the role of genetic polymorphism of the 
eNOS G894T gene in the development of diabetes on the one hand and of 
these degenerative complications other. Methods: We conducted a prospec-
tive case-control study in which we included 200 subjects divided into 100 pa-
tients with type 2 diabetes and 100 controls in apparent good health. For each 
patient and control we measured lipid parameters, CRP-us and sought the 
G894T polymorphism of eNOS gene by PCR-RFLP. Results: The analysis of 
our results shows a statistically significant elevated TG values (p < 10−3), Lp 
(a) (p < 10−3), and CRP-us (p < 10−3) in type 2 diabetes compared with con-
trols. The mutated genotypes of GT eNOS gene was significantly more fre-
quent in diabetic patients. In our series, we did not notice any significant dif-
ference in genotype or allele frequency between diabetics with and without 
degenerative complications. Conclusion: The G894T polymorphism of eNOS 
gene appears to be a risk factor of T2DM. His role in the development of de-
generative complications remains proved. 
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1. Introduction 

eNOS is the predominant isoform of NO synthase and responsible for the ma-
jority of the nitric oxide production in the vasculature [1]. Nitric oxide (NO) 
generated by endothelial, is a potent vasodilator and acts as significant key factor 
in the anti-atherosclerotic properties of the endothelium [2]. It plays an impor-
tant part in the regulation of blood pressure and regional blood flow, inhibits 
platelet aggregation and leucocyte adhesion to vascular endothelium, and inhi-
bits vascular smooth-muscle-cell proliferation [3].  

Diabetes constitutes one of the major independent cardiovascular risk factors, 
and patients with this disease suffer from premature cardiovascular morbidity 
and mortality. Endothelial dysfunction is regarded as an early step in the devel-
opment of insulin resistance and T2DM as well as important for the atheroscle-
rotic predisposition and cardiovascular complications associated with diabetes 
[4]. eNOS is presumed to be responsible for most of the endothelial and vascular 
effects of NO [5]. The eNOS gene has several single nucleotide polymorphisms 
reported, one of which is G894T. This polymorphism is a transversion G to T at 
nucleotide position 894 in exon 7, resulting in a GAG to GAT substitution in 
exon 7 with the substitution of glutamine by aspartate (Glu298Asp) [6]. This va-
riant induces a conformational change that is thought to reduce NOS3 activity 
and has been associated with several effects: increased vasoconstrictive; in-
creased blood pressure response to endurance training; and hypertension, coro-
nary heart disease and myocardial infarction [7] [8]. A reduced bioavailability of 
NO may result from down-regulated protein expression, depressed activation, or 
reduced enzymatic function of endothelial nitric oxide synthase (eNOS) or from 
increased consumption and inactivation of the NO produced [9] [10] [11]. 

The main objective of the study was to determine the G894T SNP in the eNOS 
gene such as risk factor for T2DM in Tunisian population. 

2. Materials & Methods 
2.1. Study Population 

This case—control study was conducted on 200 subjects divided in two groups, 
the first group is composed of 100 diabetic patients hospitalized in Endocrinol-
ogy and Diabetology department of Military Hospital of Tunis in period between 
February and October 2017. Individuals were diagnosed for T2D according to 
the criteria given by the American Diabetes Association (ADA) 2011. Hyperten-
sive and dyslipidemic diabetics are included in this study. The second group in-
cludes 100 individuals witnessed apparent good health.  

For each individual is performed a series of sampling. EDTA tube is used for 
DNA extraction to determine the SNP of eNOS. 

Ethical Consideration Participation was voluntary and verbal consent was ac-
quired from each participant prior to sample collection. Confidentiality of all 
participants was maintained as no names were requested. The study was ap-
proved by the local ethics committee. 
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2.2. DNA Extraction 

The genomic DNA extraction from whole blood was performed by differential 
precipitation method of proteins by salts “salting out”. 

The DNA was subsequently lyophilized by then dissolved in 200 to 300 μL of 
TE (10/1) as the size of the medusa then stored at −20˚C. 

The quality of extracted DNA was confirmed by agarose gel (1.7%) then re-
vealing by UV. 

2.3. PCR Analysis of G894T SNP (Rs1799983) 

The PCR reaction was performed in a final volume of 50 µl containing equal 
concentration to Forward Primer 5'-AAGGCAGGAGACAGTGGATGGA-3' 
and reverse primers 5'-CCCAGTCAATCCCTTTGGTGCTCA-3' (10 picomoles), 
25 mM desoxynucleotide triphosphate, PCR Buffer, 1.25 U of Taq polymerase 
(Agilent). 

The amplification is carried out after an initial denaturation at 94˚C for 2 mi-
nutes. It takes place in 30 cycles. Each cycle consists of 20 seconds of denatura-
tion, 20 sec hybridization at 55˚C and 30 seconds extension at 72˚C. A final cycle 
of 72˚C for 5 min fixed the end of the elongation and thus completes the PCR 
reaction. The hybridization temperature is developed for each pair of primers 
used for the amplification reaction.  

To visualize the PCR products, we made an electrophoresis on agarose gel 
(1.7%). 

2.4. Restriction Analysis of G894T SNP 

The digestion was performed in a total volume is 30 µl containing 10 µl of di-
gested product, 18 µl distilled water, 2 µl of Buffer Tango buffer, and 1 µl Ban 
II( Eco24I). The mixture was stirred gently with a vortex and then centrifuged 
for a few seconds and incubated for 16h at 37˚C. And the enzyme inactivation 
takes place at 65˚C for 20 min. digested PCR products are separated by electro-
phoresis on agarose gel (1.7%) (60 min, 120 V). 

2.5. Statistical Analysis 

Statistical analysis of the data collected was analyzed using SPSS Version 19.0 
statistics software.  

For qualitative variables, we calculated simple frequencies and relative fre-
quencies (percentages). For quantitative variables, we expressed the results are 
expressed as the arithmetic mean and standard deviation. 

The Student t test is used to compare the means of quantitative variables be-
tween two groups. The significance of p < 0.05 was used. 

Odds Ratio was calculated by the crosstabs method. 

3. Results 

In our series, diabetes is significantly more common in men than in women. The 
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clinical and demographic characteristics study subjects are shown in Table 1.  
Obesity, dyslipidemia, coronary artery disease (CAD) and Hypertension are 

more common in diabetic patients. 
Diabetics have higher concentrations of Lp (a), triglycerides and hsCRP than 

controls. But we have not noted significant differences in the other parameters 
(Table 2). 

The eNOS G894T gene polymorphism was determined. Analysis chi-square 
test showed that genotype distribution for the eNOS gene (G894T) in Tunisian 
population was in accordance with Hardy-Weinberg equilibrium. The genotype 
frequencies in patients and controls are shown in Table 3. 

The frequency of the mutated genotype (GT) is higher in diabetics than in 
controls with frequencies respectively 54.0% against 17%. 

We have calculated the Odds ratio for the additive and recessive models. Re-
sults are presented in Table 4. 
 
Table 1. Clinical and demographic characteristics of study population. 

Paramètres 
Témoins 
(n = 100) 

Diabétique 
(n = 100) 

P 

Âge 
Sex Ratio M/W 

BMI 
waist size 

Hypertension 
Dyslipidemia 

SCA 

39.53 ± 10.980 
2.57 

27.42 ± 4.096 
102.85 ± 12.75 

0% 
0% 
0% 

56.51 ± 9.748 
1.17 

29.16 ± 5.39 
104.19 ±13.68 

54.4% 
65.7% 
23.2% 

<10−3 
<10−3 
0.011 
NS 

<10−3 
<10−3 
<10−3 

Family history 
- Obesity 
- T2DM 
- HTA 
- Dyslipidemia 
- ACS 

 
12% 
40% 
34% 
8% 
11% 

 
29.6% 
78.6% 
74.5% 
27.6% 
35.7% 

 
<10−3 
<10−3 
<10−3 
<10−3 
<10−3 

BMI: Body Mass Index; SCA: Acute Coronary Syndrome; T2DM: Type 2 diabetes mellitus; NS: 
Non-Significant. 

 
Table 2. Comparison of biological parameter between two groups. 

Parameters Controls Diabetic patients P 

Cholesterol (mmol/l) 4.54 ± 0.97 4.58 ± 1.26 NS 

HDLc (mmol/l) 1.05 ± 0.28 1.03 ± 0.27 NS 

LDLc (mmol/l) 2.62 ± 0.84 2.70 ± 1.01 NS 

Triglyceride (mmol/l) 1.39 ± 0 .70 1.89 ± 1.15 <10−3 

Apo A (g/l) 1.32 ± 0.21 1.37 ± 0.27 NS 

Apo B (g/l) 0.85 ± 0.23 0.89 ± 0.29 NS 

Apo B/Apo A 0.66 ± 0.21 0.66 ± 0.23 NS 

Lp (a) (g/l) 0.09 ± 0.09 0.21 ± 0.37 <10−3 

hsCRP (mg/l) 1.63 ± 1.75 2.75 ± 2.61 <10−3 

HDLc: High-density lipoprotein cholesterol; LDLc: Low-density lipoprotein cholesterol; Apo A: apolipo-
protein A; Apo B: apolipoprotein B; Lp (a): lipoprotein (a); hsCRP: high sensitive C-reactive protein; NS: 
Non-Significant. 
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Table 3. Genotypic frequencies in the two groups. 

Genotypic frequencies GG GT + TT 

Diabetic (T2DM) 46.0% 54.0% 

Control 83% 17% 

P <10−3 <10−3 

 
Table 4. Odds Ratio for G897T Genotypes model and phenotype. 

Genotypes model T2DM Controls OR P 

Dominant model 
GT + TT 

GG 

 
54% 
46% 

 
17% 
84% 

 
5.8 

 

 
10−3 

 

Recessive model 
GG + GT 

TT 

 
100% 

0 

 
100% 

1% 

 
0.5 

 

 
NS 

 

Phenotype T2DM Controls OR P 

Additive model 
G 
T 

 
0.72% 
0.28% 

 
0.91% 
0.09% 

 
3.97 

 

 
0.001 

 

4. Discussion 

T2DM is a complex disorder of the endocrine and metabolic system. Several in-
teractions between genetic and environmental factors are proposed to contribute 
to the pathogenesis of the disease.  

The present study showed, such as previous one, that the risk of T2DM in-
creases with age, obesity and lack of physical activity [12]. The analysis of our 
results shows that BMI was significantly higher in diabetics.  

The results of our study shows a statistically significant rise in the hsCRP val-
ues in diabetic subjects compared to controls. Elevations in CRP are associated 
with an increased risk for insulin resistance which contributes to endothelial 
dysfunction, predisposing the endothelium to a hyper inflammatory and 
thrombotic condition [13]. 

Several polymorphisms (SNPs) have been described for the eNOS gene. The 
G894T polymorphism of the eNOS gene is a nucleotide G to T transversion at 
position 894 [14]. In our series, the G894T polymorphism of eNOS gene was 
found in 54% of diabetic patients against 17% of controls. This difference was 
statistically significant (p < 10−3), with an OR = 5.8, confidence interval 95% = 
3.017 to 11.14, (p < 10−3). Our founding is similar to that of Angeline and al. [15]. 
The authors showed a significant association between G894T eNOS gene poly-
morphism and type 2 diabetes (OR = 5.289, confidence interval 95% = 2.954 - 
9.470). The frequencies of this genotype differ from one population to another. 
Indeed, Nishevitha and al. [16] reported that this genotype is present in 51.8% of 
the Italian population reached T2DM, 8.1% of the Chinese population, 28.02% 
of the Indian population in the north and 25, 7% in the population of southern 
India. In addition to the difference in ethnicity, and outside environmental fac-
tors, other genetic factors may play an important role in the pathogenesis of the 
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disease such that the gene-gene interaction which is responsible for the variation 
between populations and even between people of the same ethnic group [16]. 
The relationship between the T2DM and polymorphism of eNOS has been 
shown in other studies, Monti and al., showed that 894T allele was more com-
mon among Italian patients with type 2 diabetes compared to normal controls 
[17]. The presence of the variant 894T was also associated with hyperglycemia 
persists among Chinese subjects [18]. Similarly for the population of South In-
dian the same result was found [19] with a percentage of 75% of mutated geno-
type (GT + TT) among type 2 diabetics against 29.37% in controls [14]. For Ko-
rean patients with T2DM, the GT genotype was associated with the progression 
of diabetic nephropathy [20]. However, they reported that there was no signifi-
cant difference in the G894T eNOS polymorphism among Mexican-Americans 
with diabetes and control from Japan, Taiwan, or Finland [18].  

Several hypotheses have been advanced to explain the relationship between 
this polymorphism of the eNOS gene and type 2 diabetes. 

NO may play a role in insulin resistance and type 2 diabetes .NO is known to 
modulate the metabolism of glucose and hepatic and peripheral insulin secretion 
[13]. Indeed, endothelial dysfunction and decreased production of nitric oxide 
(NO) by endothelial NO synthase (eNOS) is involved in the pathogenesis of in-
sulin resistance and hypertension [21]. The polymorphic variants of the eNOS 
gene are associated with high blood pressure and insulin resistance in different 
populations [22]. Nitric oxide (NO), is an important factor in the regulation of 
vascular function, is also supposed to have an important role in maintaining 
glucose homeostasis contributing to the modulation of peripheral sensitivity to 
the insulin and optionally the secretion of insulin. The vascular action of insulin, 
consists in increasing the endothelial NO production, this effect is impaired 
during the IR; it is a cardinal sign in all cases of insulin resistance such as obesity, 
type 2 diabetes and metabolic syndrome [23]. Endothelial dysfunction is an im-
portant clinical feature of diabetes. Signaling pathways responsible for the acti-
vation of eNOS are changed in the endothelial cells of patients with diabetes. 
The decreased eNOS activation by insulin was greatly attenuated in endothelial 
cells from diabetic patients indicates the presence of the endothelial insulin re-
sistance [24].  

Diabetes and insulin resistance are characterized, at least in part by endotheli-
al dysfunction and potentially by altered expression of eNOS and NO produc-
tion [22]. 

5. Conclusion 

This study found a strong independent association between the G894T eNOS 
gene polymorphism and T2DM. 
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