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Abstract. The endothelial nitric oxide synthase (eNOS or NOS 3) is expressed in the endothelium where it
produces Nitric Oxide (NO) from L-arginine. NO a powerful short lived vascular substance, plays a key role to
maintain vascular homeostasis. Association of endothelial nitric oxide synthase gene variants and nitric oxide has
been found in many vascular diseases chiefly stroke, coronary artery disease and hypertension. The variants have
been associated with low plasma nitric oxide concentrations and reduced vascular reactivity, however difficulties
in measuring those phenotypes implicates that their functions remain unclear. While a large no of studies report the
association of NOS3 gene with vascular diseases, a few are contradictory to such reports. So a need for large scale
genetic association studies using tagging polymorphisms to confirm or refute the role of NOS3 gene in vascular

diseases is strongly warranted.
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1. Introduction

Endothelial nitric oxide gene has a pivotal role
in the maintenance of vascular homeostasis
because of its ability to generate nitric oxide
(NO) and this feature of the gene makes it a
logical candidate gene for vascular diseases.
Nitric oxide (NO) is a short lived vasoactive
substance of prime importance constitutively
produced from L-arginine by the enzyme nitric
oxide synthase (NOS). Three isoforms of NOS
have been identified and described as inducible
nitric oxide (iNOS), neuronal nitric oxide (nNOS)
and endothelial nitric oxide (eNOS) (1). An
unstimulated state of the cell may not lead to the
expression of the inducible NOS but any
abnormal processes in cells, such as infection and
inflammation will lead to the induction of iNOS
leading to high NO production. The neuronal
NOS is expressed in neurons and skeletal muscles
where it is responsible for the physiological
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production of NO in these tissues. The data to
support the relevance of nNOS with vascular
diseases is relatively scarce (2).The eNOS occurs
primarily in the endothelium and at low levels in
calmodulin and platelets (3). The eNOS gene was
first cloned in 1993 and was localized to
chromosome 7q35-36. The eNOS gene comprises
of 26 exons that encode a 135- KD protein
containing 1,203 amino acids (4). eNOS produces
NO which has a cogent vasodialating action and
plays a key role in the regulation of blood
pressure (5). Besides NO produced by eNOS is
known to cause the inhibition of the adhesion of
platelets and leukocytes to the endothelium,
reduction in the vascular smooth muscle cell
migration/proliferation and limiting the oxidation
of atherogenic low density lipoproteins (6). An
accelerated atherosclerosis in animal model has
been attributed to inhibition of eNOS while
atherosclerosis in humans was reported with
abnormality in the endothelial NO pathway (7,
8).There is evidence suggesting the development
of venous diseases with decreased NO production
(9). Several features characteristic of small vessel
diseases including cerebral hypo perfusion, (10)
impaired cerebral auto regulation endothelial
damage with breakdown of the blood brain
barrier and vessel remodeling (11) are known to
occur with a lack of endothelium derived NO.
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2. Molecular genetics of nitric oxide
synthase

Marsden et al. (4) isolated genomic clones
encoding human eNOS and determined the
structural organization of the gene. The entire
gene comprises of 26 exons, spans approximately
21 kb of genomic DNA and encodes an mRNA of
4,052 nucleotides. Characterization of the 5-
prime-flanking region indicated that the eNOS
gene is TATA-less and exhibits proximal
promoter elements consistent  with a
constitutively expressed gene, namely, SP1 and
GATA motifs. Janssens et al. (12) isolated a
cDNA encoding a human vascular NOS. The
translated human protein was 1,294 amino acids
long and shared 52% of its amino acid sequence
with brain NOS. They showed that the cDNA
encoded a calcium-regulated, constitutively
expressed eNOS, capable of producing EDRF in
blood vessels. Similarly Marsden et al. (13)
cloned and sequenced human eNOS. Their cDNA
clones predicted a protein of 1,203 amino acids
with about 60% identity with the rat brain NO
synthase isoform. NOS have been assigned to 2
classes: a constitutively expressed, calcium-
regulated class identified in brain, neutrophils,
and endothelial cells, and a calcium-independent
class identified in endotoxin- or cytokine-induced
macrophages and endothelial cells.

3. SNPs in the eNOS gene

With eNOS gene having 26 exons spanning
about more than 21kb of the genome the eNOS
gene has been the focus of intensive research so
as to see for potentially  functional
polymorphisms or mutations which may have an
influence on its expression or activity. Till date
more than 100 polymorphisms have been
identified within the gene itself or in its vicinity
(NCBI SNP database,
http//www.ncbi.nlm.nih.gov/SNP/). In the
promoter region more than 15 polymorphisms are
known to exist and amongst these, three
polymorphism -1468T /A, -922 A /G and -786C/T
are found more abundantly in different
populations which may have an influence on

mRNA transcription and reduce the gene
expression. The —786T/C promoter
polymorphism is reported to influence
transcriptional  activity in  vitro in a

luciferase/reporter assay system and has been
associated with coronary arterial spasm in
Japanese  subjects (14). The -786T/C
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polymorphism was however neither shown
consistently associated with functional measures
nor with clinical disease end points. A recent
meta-analysis of studies involving 4882 cases and
9366 controls provided marginal evidence of
increased risk among CC subjects (odds ratio
1.30, 95% confidence interval (CI) 1.01 to 1.66; p
= 0.04) (15). It has been suggested that
sequences extending only to -144 bp are essential
for promoter activity, although the region
between -3500 bp and -1193 bp is found to down-
regulate eNOS expression in endothelial cells.
Transcriptional factors including Ets-1, Spl, Sp3,
MAZ, and EIf-1 appear to regulate eNOS
promoter activity either positively or negatively
(16).

Within the gene SNPs in intron 2, IVS2 1 42G
> A (G561A); intron 11, IVS11 + 174A > G
(A3185G); intron 12, IVS12 + 52G > T 242
(G3411T); intron 18, IVS18 + 27A > C (A27C);
intron 22, IVS22 +15A >G (A6007G); and intron
23, 1VS23 + 11G >T (G6247T) are known to
occur (17). Introns 2 and 8 (32-bp repeats), intron
4 (27-bp repeat), and intron 13, IVS13 + 81(CA)
17- 44 are known to have tandem repeats (4, 18).
Some of these variants are common and vary in
different ethnic populations (19). No regulational
significance has been assigned to these introns :
polymorphisms in exons, including 5557G >T
(894G/T) in exon 7 (E298D, a Glu to Asp
change) and 5172C/T in exon 6.(17,20) A
Polymorphism occurring within the coding region
of the eNOS gene is known to alter NOS
enzymatic  activity. The only common
polymorphism identified thus far that encodes an
amino acid substitution—Glu298Asp (glutamate
to aspartate at position 298) is eNOS
polymorphisms (894G/T) within exon 7 and is
one of the most studied polymorphism occurring
in eNOS (21). A debate revolves as to whether
this polymorphism is functional or not as two
studies have shown that eNOS Asp298 is
subjected to selective proteolytic cleavage in
endothelial cells and vascular tissues that might
account for reduced vascular NO generation (22).
While, other studies suggest that this finding
might be artefactual (23). A meta-analysis of
6372 cases and 6591 controls identified an odds
ratio for ischemic heart disease of 1.33 (95% CI
1.15 to 1.54; p = 0.0001) amongst individuals
homozygous for eNOS Asp29819 (24).
Considering such inconsistencies, it is required
that additional molecular studies are carried out,
as are very large scale genetic association studies
of endothelial function or clinical outcomes, so as



to exclude the possibility of inconsistent results
of small studies .

4. Association between NOS 3
polymorphisms and vascular diseases

4.1. Nitric oxide synthase and stroke

Stroke was observed as a consequence of
impaired endothelial dysfunction in studies with
stroke-prone SHR rat and was identified as an
important predisposing factor leading to stroke
(25). Studies with knockout mice deficient in
eNOS have revealed that such mice are highly
sensitive to focal cerebral ischaemia (26) and
have marked wvessel wall abnormalities (27).
Increased risk of significant coronary artery
disease and myocardial infarction in smokers was
attributed to a functional variant of nitric oxide
synthase (eNOS 4a) in a study by (Wang et al.)
(28). Two promoter SNPs -922A/G and -786C/T
were found significantly associated with stroke in
young black women but not the white populations
(E). This association was attributable to an
increased prevalence of the -922A allele (OR=
3.0 95%CI = 1.3to 6.8 p=0.005) and the -786C
allele (OR= 2.9, 95% CI 1.3 to 6.4, P=0.005) in
cases versus controls (29). The intron 4ab
insertion/deletion genotype was associated with
isolated lacunar infraction. Protective effect of
the 4a variant could be mediated through changes
in eNOS promoter activity and increased NO
levels has been suggested through Haplotype and
functional studies (30). Another study by Akar et
al., (31) of a Turkish population has shown that
carriers of the minor ‘a’ allele of intron 4 VNTR
had significantly elevated risk for stroke (a). An
over representation of 4c allele of intron 4 VNTR
in ischemic stroke patients was suggested in a
study involving African American population. In
pooled analysis of all patients, intron 4c, but not
intron 4a, intron 4b, or 894G/T alleles are
associated with stroke (P<0.01). In subgroup
analysis by race, the intron 4c allele is most
strongly associated with large artery ischemic
stroke in African Americans. (P<0.01). (32). The
association of SNP in exon 7 with stroke was
seen only in the study of Hoffmann et al.,(33),
while other studies indicated negative finding in
white population. Further more Markus et al.,
(34) also measured carotid stiffness in stroke
patients and found it was unrelated to the exon 7
variant.

Patients  with  lacunar infarction have
generalized  endothelial  dysfunction  was
confirmed in a study with diminished Flow-
mediated dilatation but normal nitroglycerin
response. Intron 4aa genotype of eNOS gene

seems to be protective for isolated lacunar
infarction and the effect was potentiate by the
absence of -786C/T polymorphism in any allele
of the promoter region (35).

5. Coronary artery disease (CAD)

Yoon et al (36) reported that plasma NOx in
CAD patients with hypertension was increased,
however plasma NOx in CAD patients without
hypertension did not differ significantly from that
of the controls. They also found an association of
the G-allele frequency of the polymorphism G10-
T in intron 23 in the CAD group than in the
controls. A study with smokers by Wang et al.,
(28) detected  an association  between
homozygosity for the 4a allele in the intron 4
VNTR polymorphism of the eNOS gene and an
increased risk of CAD in current and ex- smokers
in the Australian population. The 894G/T
polymorphism in exon 7 of the NOS 3 gene has
been reported to be a strong risk factor for CAD
(37) . The risk of developing CAD was 2.5 fold
higher for 786C homozygotes with respect to
individuals who were homozygous for the 786T
allele of -786C/T polymorphism of eNOS gene
and this result was conformed by multivariate
analysis which demonstrated that this association
was independent of other factor possibly related
to CAD risk (38). A decreased promoter activity
approximately by 50% by the -786C/T
polymorphism was reported by Nakayama et al.,
(14) suggesting that in many carriers of the
mutant allele, the L-arginine/NO pathway does
not function properly, leading to endothelial
dysfunction . A study involving Tamalian Indian
CAD patients showed no significant association
between the 894G/T polymorphism and CAD in
this population group (39) eNOS gene
transfection is a valuable approach to augment
angiogenic properties of ex vivo expanded
endothelial progenitor cells and eNOS-modified
endothelial progenitor cells may offer significant
advantages than endothelial progenitor cells alone
in terms of their clinical use in patients with
myocardial ischemia (40).

6. Hypertension

The role of eNOS polymorphisms in relation to
hypertension has also been studied extensively
since NO controls vascular tone and regulates
arterial wall remodeling, and both of these action
are relevant to hypertension. Uwabo et al., (41)
reported a strong association between the 27-bp
repeat polymorphism in intron 4 and essential
hypertension among Japanese population. While
three (33,42,) studies found that the 894G /T
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variant in exon 7 was related to hypertension in
both Japanese and white populations, the studies
by Benjafield and Morris in an Australian white
population (43), and Pulkkinen et al., in a Finnish
population (44) reported a negative relationship.
Nakayama et al., (45) also reported a significant
association between the (CA) repeat
polymorphism in intron 13 and hypertension.

7. Conclusion

The candidature of eNOS is strongly
recommended as a gene for maintaining the
integrity of the arterial wall and the pathological
development of atherosclerosis. A number of
studies have supported that polymorphisms
occurring in the eNOS gene can be predisposing
factors for the development of various vascular
diseases. Still studies with large populations are
required to be performed so as to minimize the
errors occurring out of small sample size.

Altered eNOS expressions occurring due to the
functional DNA variants in eNOS gene can be
modified by the environmental factors, such as
cigarette smoking. It is further required that the
modifications of expressions of the eNOS gene be
studied in relation to other stress developing
environmental factors, so as to provide the
medical fraternity with interventional strategies.

An exhaustive research into the eNOS gene has
to be undertaken in order to provide an insight
into the factors both genetic and environmental
that are leading to the development of vascular
diseases with an aim to develop therapeutic
strategies to combat such disorders.

References

1. Moncada S, Higgs A.The L-arginine-nitric oxide
pathway. New Engl J Med 1993; 329: 2002-2012.

2. Marletta MA. Nitric Oxide Synthase aspects
concerning structure and catalysis Cell 1994; 78:
927-930.

3. Sase K, Michel T. Expression of constitutive
endothelial nitric oxide synthase in human blood
platelets . Life Sci. 1995; 57: 2049- 2055.

4. Marseden PA, Heng HH, Scherer SW, et al.
Structure and chromosomal localization of the
human constitute endothelial nitric oxide synthase
gene. J Biol Chem 1993; 268: 17478-17488.

5. Yeomin Y, Junghan S, Seung HH, et al. Jin QK.
Plasma Nitric Oxide Concentrations and Nitric
Oxide Synthase Gene Polymorphisms in Coronary
Artery Disease. Clinical Chemistry 2000; 46: 10;
1626-1630.

6. Schmidt HHHW, Walter U. NO at work. Cell 1994;
78:919-925.

7. Cayatte AJ, Palacino JJ, Horten K. et al. Chronic
inhibition of nitric oxide production accelerates
neointima formation and impairs endothelial

49

11.

14.

15.

16.

17.

18.

20.

21.

22.

fuction in hypercholesterolemic rabbits.

Arterioscler Thromb 1994; 14: 753-790.

Ludmer PL, Selwyn AP, Shook TL, et al
.Paradoxial vasoconstriction induced by
acetylecholine in atherosclerotic coronary arteries.
N Engl J Med 1986; 315: 1046-1051.

Broeders MAW, Tangelder G-J, Slaaf DW, et al.
Endogenous  nitric  oxide protects against
Thromboembolism in venules but not in arterioles.
Arterioscler Throm Vasc Biol 1998; 18: 139-145.

Markus HS, Lythgoe DJ, Ostegaard L, O’ et al.
Reduced cerebral blood flow in white matter in
Ischaemic Leukoaraiosis demonstrated using
quantitative exogenous contrast based perfusion
MRI. J Neurol Neurosurg Psychiatry 2000; 69: 48-
53.

Bakker SL, deLecuw FE, de Groot JC, et al.
Cerebral Vasomotor reactivity and cerebral white
matter lesions in the elderly. Neurology 1999; 52:
578-583.

Janssens S P, Shimouchi A, Quertermous T, et al.
Cloning and expression of a cDNA encoding
human endothelium-derived relaxing factor/nitric
oxide synthase. J Biol Chem 1992; 267: 14519-
14522.

Marsden P A, Schappert K T, Chen, H S, et al.
Molecular cloning and characterization of human
endothelial nitric oxide synthase. FEBS Lett 1992;
307: 287-293.

Nakayama M, Yasue H, Yoshimura M, et al. T-
786-C mutation in the 59-flanking region of the
endothelial nitric oxide synthase gene is associated
with coronary spasm. Circulation 1999; 99: 2864-
2870.

Casas JP, Hingorani AD, Humphries SE, et al. Do
meta-analyses of association studies of endothelial
nitric oxide synthase variants and ischemic heart
disease provide conclusive answers? Circulation
2004; 110: e305-306.

Karantzoulis-Fegaras F, Antoniou H, Lai SL, et al.
Characterization of the human endothelialnitric-
oxide synthase promoter. J Biol Chem 1999; 274:
3076-3093.

Poirier O, Mao C, Mallet C, et al. Polymorphisms
of the endothelial nitric oxide synthase gene-No
consistent association with myocardial infarction in
the ECTIM study. Eur J Clin Invest 1999; 29: 284-
290.

Miyahara K, Kawamoto T, Sase K, et al. Cloning
and structural characterization of the human
endothelial nitric-oxide-synthase gene. Eur J
Biochem 1994 ; 223: 719-726.

Wang XL. Cigarette smoking, DNA variants in
endothelial nitric oxide synthase gene and vascular
disease. Contribution Nephrology 2000; 130:53-67.

Yoshimura M, Yasue H, Nakayama M, et al.
missense Glu298Asp variant in the endothelial
nitric oxide synthase gene is associated with
coronary spasm in the Japanese. Hum Genet 1998;
103: 65-69.

Hingorani AD. Polymorphisms in endothelial nitric
oxide synthase and atherogenesis: John French
Lecture 2000. Atherosclerosis 2001; 154: 521-527.

Persu A, Stoenoiu MS, Messiaen T, et al. Modifier

effect of ENOS in autosomal dominant polycystic
kidney disease. Hum Mol Genet 2002; 11: 229-241.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

McDonald DM, Alp NJ, Channon KM. Functional
comparison of the endothelial nitric oxide synthase
Glu298Asp polymorphic variants in human
endothelial cells. Pharmacogenetics 2004; 14: 831-
839.

Casas JP, Bautista LE, Humphries S, et al.
Endothelial nitric oxide synthase genotype and
ischaemic heart disease: meta-analysis of 30
studies, involving F23,028 subjects. Circulation
2004; 109: 1359-1365

Wang, X. L., Sim, A. S., Badenhop, R. F. et al. A
smoking-dependent risk of coronary artery disease
associated with a polymorphism of the endothelial
nitric oxide synthase gene. Nature Med 1996; 2:
41-45.

Howard, TD, Gills, WH, Xu, J, et al. Promorer
polymorphisms in the nitric Oxide Synthase 3 Gene
Are Associated With Ischemic Stroke
Susceptibility in Young Black Women. Stroke 2005
;36: 1848-1851.

A.Hassan, K. Gormley, O’ Sullivan, J. et al.
Markus, Endothelial Nitric Oxide Gene Haplotype
and Risk of Cerebral Small Vessel Disease. Stroke
2004; 35: 654-659.

Akar N, Akar E, Cin S, et al. Endothelial nitric
oxide synthase intron 4, 27 bp repeat
polymorphism in Turkish patients with deep vein
thrombosis and cerebrovascular accidents. Thromb
Res 1999; 94: 63-64.

Grewal RP, Dutra AVC, Liao YC, et al. The intron
4c allele of the NOS3 gene is associated with
ischemic stroke in African Americans BMC
Medical Genetics 2007; 8: 76.

Hoffmann MM, Winkelmann BR, Schneider S, et
al. Endothelial nitric oxide synthase gene Glu298
>Asp variant—Association with arterial
hypertension, but not with coronary artery disease.
Atherosclerosis 2000; 151: 254.

Markus HS, Ruigrok Y, Ali N, et al. Endothelial
nitric oxide synthase exon 7 polymorphism,
ischemic cerebrovascular disease, and carotid
atheroma. Stroke1998: 29:1908-1911.

Yemis¢i M, Sinici I, Ozkara HA, et al. Protective
role of 27bp repeat polymorphism in intron 4 of
eNOS gene in Lacunar Infraction. Free Radic Res
2009; 43(3): 272-279.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Y.Yoon, J Song, S. Ho Hong, et al. Plasma nitric
Oxide concentrations and nitric oxide synthase
gene polymorphisms in coronary artery disease.
Clinical Chemistry 2000; 46(10): 1626-1630.

Hingorani AD, Liang CF, Fatibebe J, et.al. A
common Variant of the endothelial nitric oxide
synthase (Glu-Asp) is a major risk factor for
coronary artery disease in the UK Circulation 1999;
100: 1515-1520.

Colombo MG, Andreassi UPMG, Botto N, et al.
Endothelial ~ Nitric  Oxide  Synthase  Gene
polymorphisms and risk of Coronary Artery
Disease. Clinical chemistry 2003; 49(3): 389-395.

Mathew J, Narayanan P, Sundaram R, et al.
Chandrasekaran A ack of association between Glu
(298) Asp polymorphism and of endothelial nitric
oxide gene and coronary artery disease In Tamalian
Population. Indian Heart J 2008; 60(3): 223-227.

Kaur S, Kumar TR, Uruno A, et al. Genetic
engineering with endothelial nitric oxide synthase
improves functional properties of endothelial
progenitor cells from patients with coronary artery
disease. Basic Res Crdiol 2009 May 29. Sayfa no
2009; 104: 739-749.

Uwabo J, Soma M, Nakayama T, Kanmatsuse K.
Association of a variable number of tandem repeats
in the endothelial constitutive nitric oxide synthase
gene with essential hypertension in Japanese. Am J
Hypertens 1998; 11: 125-128,

Miyamoto Y, Saito Y, Kajiyama N, et al.
Endothelial nitric oxide synthase gene is positively
associated with essential hypertension.
Hypertension1998; 32: 3-8.

Benjafield AV, Morris BJ. Association analyses of
endothelial nitric oxide synthase gene
polymorphisms in essential hypertension. Am J
Hypertens 2000; 13(9): 994-998.

Pulkkinen A, Viitanen L, Kareinen A, et al. Intron
4 polymorphism of the endothelial nitric oxide
synthase gene is associated with elevated blood
pressure in type 2 diabetic patients with coronary
artery disease. J Mol Med. 2000; 78(7): 372-379.
Nakayama T, Soma M, Takahashi Y, et al.
Association analysis of CA repeat polymorphism of
the endothelial nitric oxide synthase gene with
essential hypertension in Japanese. Clin Genetl
997; 51: 26-30.

50



