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Abstract: 
Aim: The aim of this study was to investigate the association of Glu298Asp polymorphism in the endothelial 

nitric oxide synthase (eNOS) gene with rheumatoid arthritis (RA) in Asian Indians. 

Methods: We conducted a case control study in which 100 patients diagnosed with RA and 100 healthy controls 

were enrolled. DNA was extracted from peripheral blood and eNOS polymorphism was detected by PCR-RFLP. 

Plasma samples from the subjects were screened for nitric oxide (NO).  

Results: There was a trend of increase of GG genotypic and G allelic frequencies of the eNOS gene Glu298Asp 

in patients when compared with controls. GT genotype emerged as major genotype in both controls and 

patients. Genotypes disobeyed Hardy-Weinberg equilibrium. Reduced NO levels was detected in patients as 

compared to controls. Patients with GG genotype and GT genotypes were found to have significantly low level 

of plasma NO as compared to controls with GG and GT genotypes.  

Conclusions: eNOS gene Glu298Asp polymorphism is not associated with the susceptibility of rheumatoid 

arthritis in Asian Indians. 
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I. Introduction 
Rheumatoid arthritis (RA) is one of the most common systemic inflammatory diseases. However, the 

exact mechanism of the disease is not clear [1].
 

It was suggested that nitric oxide (NO) plays an important role 

in the pathogenesis of rheumatoid arthritis. The level of NO is increased in rheumatoid arthritis patients [2],
 
and 

a study suggested that NO can regulate the balance of Th1/Th2 in autoimmune diseases, and it was a key 

mediator of apoptosis within rheumatoid arthritis joints [3].
 

NO synthesis is tightly regulated by three forms of nitric oxide synthase (NOS) including neuronal 

synthases (nNOS or NOS1), inducible NOS (iNOS or NOS2), and endothelial NOS (eNOS or NOS3). Several 

functionally relevant polymorphisms in the iNOS and eNOS genes have been identified, which have been 

associated with many diseases, such as vascular disease, autoimmune disease, and infectious diseases [4].
 

The eNOS gene is located on chromosome 7q35-q36, and is a potential candidate gene in the regulation 

of the immune reaction as it can influence the production of NO and the risk of rheumatoid arthritis. One of the 

common polymorphisms in the eNOS gene is Glu298Asp polymorphism in exon 7 of the gene. Although many 

studies have shown the association between this polymorphism and some autoimmune diseases, the results are 

conflicting [5].
 
To date, no reports are available for the association of eNOS gene Glu298Asp polymorphism 

with rheumatoid arthritis in Asian Indian population. Hence, our main aim was to examine the possible 

association between the eNOS gene polymorphism and rheumatoid arthritis risk among Asian Indian 

population. 

 

II. Materials and Methods 
Subjects 

One hundred rheumatoid arthritis patients were recruited from the Department of Rheumatology 

(Medicine) of the All India Institute of Medical Sciences (AIIMS), New Delhi. All the patients met the 

American College of Rheumatology 1987 revised criteria
6
, were 20 to 60 years old (mean age (39.05±11.45) 

years). All the patients were on treatment for RA before recruitment.  One hundred age- and ethnicity-matched 

normal volunteers comprising patient’s relatives, students of AIIMS and voluntary blood donors of Blood Bank, 

AIIMS were studied as controls. All the controls were 20 to 60 years old (mean age (29.5±7.42) years).  Each 

participant donated peripheral blood for DNA analysis and plasma isolation. Plasma samples were stored at 

−20◦C in aliquots until use. All study participants provided written informed consent and the study was 

approved by the local ethics committee.  
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DNA extraction 

Genomic DNA was isolated from peripheral blood leucocytes by the Miller extraction method [7]. 

  

Analysis of the Glu 298 Asp polymorphism in exon 7 of the e NOS gene   

The genomic DNA was amplified by PCR using the following primers flanking the polymorphic region 

of eNOS gene: sense-5’TCC CTG AGG AGG GCA TGA GGC T-3’ and anti-sense- 5’ TGA CGG TCA CAC 

AGG TTC CT 3’. Samples were amplified for 30 cycles, consisting of denaturation at 95
0
C for 1 minute, 

annealing at 61
0
C for 1 minute and extension at 72

0
C for 1 minute with a final extension of 10 minutes. 

Amplified products were run on a check gel with 1% agarose. The resulting 457-bp amplification product was 

digested with 8U of the Ban II restriction enzyme at 37
0
C for at least 20 hours. Ban II digested the amplified 

fragments into smaller fragments (137 and 320 bp). The restricted fragments were resolved on 2% agarose gels 

and visualized by ethidium bromide staining. 

 

Estimation of nitric oxide (NO) 

Plasma NO levels was evaluated using sodium nitrite (NO2) as standard by acidic Griess reaction 

method [8].
     

  

 

Statistical Methods 

Statistical analysis were performed according to SPSS(Statistical Package for Social Sciences) for 

windows(version 9.0.0, SPSS Inc., Chicago) and TFPGA (Tools for population genetic analysis) version 1.3 

developed by Mark Miller from the department of biological science, North Arizona University. Frequency of 

genotypes (GG,GT, TT) and alleles (G,T) of  Glu298Asp polymorphism in exon 7 of eNOS gene were assessed 

using Fisher’s exact test and chi-square test wherever applicable. Mann Whitney test and Kruskal Wallis test 

were used wherever applicable. Unpaired and two tailed t tests were used to analyze laboratory data. P value 

≤0.05 was considered statistically significant. 

   

III. Results 

Association of eNOS Glu298Asp Polymorphism and Rheumatoid arthritis  

On comparative evaluation of the frequency of Glu298Asp genotype and alleles between the patients 

and healthy subjects (Table 1), it was found that G allele and GG genotype are more prevalent in RA patients 

(0.68 & 41%) as compared to healthy subjects (0.62 and 27%). Odd’s ratio (OR) of GG genotype was 1.88 

(95% CI=0.99-3.56, p= 0.036) to develop Rheumatoid arthritis. The individuals carrying TT genotype, the OR 

to develop RA was insignificant as compared to G allele carriers (GG +GT). The plasma concentration of NO in 

a total of 100 patients and 100 healthy subjects was evaluated (Table 2). The results are expressed in micromolar 

(μM). The plasma NO concentration was found to be extremely significant (p < 0.0001) in patients (11.83 ± 

10.25) when compared to controls (18.54 ± 13.5).  

 

Relationship between eNOS Glu298Asp polymorphism and plasma NO in controls and patients 

Plasma levels of NO in individual genotypes in controls and patients are shown in Table 3. Patients 

with GG genotype and GT genotypes were found to have significantly low level of plasma NO as compared to 

controls with GG and GT genotypes (p = 0.002, p =0.001). Whereas there was no significant difference in 

plasma NO levels of controls and patients with TT genotype (p =0.18). There was no significant difference in 

plasma NO levels among patients with GG, GT and TT genotypes (p> 0.05). Likewise, there was no significant 

difference in plasma NO levels among controls with GG, GT and TT genotypes (p>0.05) 

 

IV. Discussion 
In this study, we investigated whether the eNOS gene Glu298Asp polymorphism is implicated in 

susceptibility to RA. We demonstrated here that there was a trend of increase of GG genotypic and G allelic 

frequencies of the eNOS gene Glu298Asp, respectively, in RA patients when compared with controls.  Odd’s 

ratio (OR) of GG genotype was 1.88 (95% CI=0.99-3.56, p= 0.036) to develop Rheumatoid arthritis. This may 

suggest that majority of people are susceptible to RA. GT emerged as major genotype in both controls and 

patients suggesting that heterozygous are more protected against RA. However, in one study in our lab on the 

same polymorphism GG dominates over GT and TT genotypes [9]. Likewise in several other studies, GG 

dominates over GT and TT genotypes [10,11,12]. In our study, the distribution pattern did not obey Hardy 

Weinberg equilibrium. Therefore, not much importance can be ascribed to this finding. Moreover, previous 

findings referred to a Spanish cohort of RA patients did not support the implication of eNOS gene Glu298Asp 

polymorphism in susceptibility to RA [5]. Gonzalez et al revealed that inducible but not endothelial NOS 

polymorphism is associated with susceptibility to RA in Northwest Spain. There may be several reasons for the 

distribution pattern not obeying HW equilibrium. These include restriction in sample size, presence of natural 
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selection, mutation, non-random mating and migration [14,15]. Therefore, one of the strategies should be to 

extend the study to a larger cohort.  

We demonstrated that the plasma NO levels were significantly low in RA patients as compared to 

healthy controls. This may be due to higher oxidative stress associated with RA.
16-20

 Under the conditions of 

high levels of oxidants like oxygen free radicals, NO gets converted to injurious peroxynitrite radical (ONOOˉ), 

which further may get isomerized to NO3 or get converted to nitrotyrosine [21,22,23]. The low level of NO in 

RA patients might explain for the relatively high prevalence of vascular pathology such as vasculitis among RA 

patients. This is because the production of NO by eNOS may offer a protective or anti-inflammatory function by 

preventing the adhesion and release of oxidants by activated neutrophils in the microvasculature [13]. 

Therapeutic modalities that restore deficiencies in NO or eNOS may be considered in the treatment of RA with 

vasculitis with caution.  

Plasma NO levels were correlated with eNOS Glu298Asp polymorphism. We found that patients with 

GG genotype and GT genotypes were found to have significantly low level of plasma NO as compared to 

controls with GG and GT genotypes (p = 0.002, p =0.001). This finding is in consonance with another study 

from our lab [9] and previous other studies in relation to different diseases [3,24]. Whereas there was no 

significant difference in plasma NO levels of controls and patients with TT genotype (p =0.18). At present, we 

are not able to provide an exact mechanism for this finding.  

   

V. Conclusions 
This study aimed at the elucidation of the relationship between eNOS gene Glu298Asp polymorphism 

and RA. The O.R. for GG genotype of the Glu298Asp polymorphism for RA was found to be 1.8 which 

suggested an association of this genotype with the risk of RA. However the distribution of the genotype did not 

obey Hardy-Wienberg equilibrium both in controls and patients and the normal distribution was found different 

than that reported earlier in another study from the same region. Therefore, further confirmation is needed in 

relation to the association of Glu298Asp polymorphism with RA. The plasma levels of NO were significantly 

lower in patients as compared to the controls suggesting   a possible relationship between the lower levels of NO 

with the disease.  
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Table 1: Distribution of Glu298Asp Genotypes and Frequency of Alleles in Controls and Rheumatoid 

arthritis Patients 
 Patients 

(N=100) 

Controls 

(N=100) 

P value O.R. C.I. 

Genotypes      

GG 41 27 0.036 1.88 0.99 - 3.56 

GT 54 70 0.02 0.5 0.27 – 0.94 

TT 5 3 0.72 1.7 0.34 – 9.28 

GT+TT 59 73 0.037 0.53 0.28 – 1.01 

Alleles      

G 0.68 0.62    

T 0.32 0.38    

 

Table 2: Plasma levels of NO in controls and RA patients 

                 CONTROL                                     PATIENTS 
Variable Mean± SD median Range Mean ± SD median Range P value 

NO 18.54± 13.5 14.78 1.45-65.04 11.83± 10.25 9.56 1.38-57.27 0.001 

 

Table 3: Plasma NO level in relation to eNOS Glu298Asp polymorphism 

           PATIENTS                                                           CONTROLS     
Genotype Median Mean± SD Genotype Median Mean± SD P value 

GG (41) 9.76 11.95 ± 10.3 GG (27) 18.78 20.56 ± 14.71 0.002 

GT (54) 9.19 11.79± 10.72 GT (70) 13.38 17.97 ± 13.35 0.001 

TT (5) 9.92 11.2 ± 4.12 TT (3) 14.15 14.05 ± 0.78 0.18 

 


