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Abstract

Background: This study was designed to investigate the association of the 894G>T polymorphism
in the eNOS gene with risk of acute myocardial infarction (AMI), extent of coronary artery disease
(CAD) on coronary angiography, and in-hospital mortality after AMI.

Methods: We studied 1602 consecutive patients who were enrolled in the GEMIG study. The
control group was comprised by 727 individuals, who were randomly selected from the general
adult population.

Results: The prevalence of the Asp298 variant of eNOS was not found to be significantly and
independently associated with risk of AMI (RR = 1.08, 95%Cl = 0.77-1.51, P = 0.663), extent of
CAD on angiography (OR = 1.18, 95%CI = 0.63-2.23, P = 0.605) and in-hospital mortality (RR =
1.08, 95%Cl = 0.29-4.04, P = 0.908).

Conclusion: In contrast to previous reports, homozygosity for the Asp298 variant of the 894G>T
polymorphism in the eNOS gene was not found to be associated with risk of AMI, extent of CAD
and in-hospital mortality after AMI
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Background

A single base exchange (G894—T) in exon 7 of the human
endothelial nitric oxide synthase (eNOS) gene results in a
Glu—Asp substitution at residue 298 of the eNOS gene.
The functional significance of this single nucleotide poly-
morphism remains an issue of controversy since homozy-
gosity for the Asp298 variant has been related to reduced
enzyme activity [1] and basal NO production [2], possibly
due to increased susceptibility to proteolytic cleavage [3],
although more recent reports have convincingly demon-
strated that this preferential cleavage could be a method-
ological artifact [4,5].

In accordance to the hypothesis that this polymorphism
may have an unfavorable effect on NO bioavailability,
homozygosity for the Asp298 variant has been reported to
influence vascular coronary reactivity [6], responsiveness
to a-adrenergic stimulation [7], and event free survival in
patients with nonischemic cardiomyopathy [8]. Based on
these reports a number of association studies have posi-
tively associated the presence of the Asp298 variant with
risk of AMI [9,10], carotid atherosclerosis [11], early
atherogenesis [12], and coronary in-stent restenosis [13],
while several studies have found no evidence for an asso-
ciation between the 894G>T polymorphism and prema-
ture CAD [14-17].

Based on data derived from a multicentre genetic epide-
miological study, we examined the association of this
genetic variant of eNOS gene with risk of AMI in a rela-
tively homogeneous, in terms of ethnic and cultural back-
ground, low coronary risk, Caucasian population.

Methods

Patient population

The GEMIG study (Genetics and Epidemiology of acute
Myocardial Infarction in the Greek population) is a mul-
ticenter study designed to evaluate the genetic predisposi-
tion of AMI and prognosis after AMI in the Greek
population. A total of 1602 consecutive patients, admit-
ted in hospital with the diagnosis of AMI, who have been
successfully genotyped for the 894G>T polymorphism
were enrolled in the study. The control group consisted of
805 adults (aged > 30 years old) who were randomly
selected from the city records. Blood samples for genetic
analyses were obtained from 794 of the study partici-
pants. Thirty-two out of the 794 eligible subjects had clin-
ical or electrocardiographic evidence of a possible MI and
were not included in the control group. Out of the
remaining 762 subjects, 727 were successfully genotyped
for the 894G>T polymorphism. The study methodology,
participating centers, study investigators and findings
have been published in details elsewhere [18-20]. The sci-
entific committee of the study and the local ethics com-
mittees of all participating institutes approved the study
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protocol. Prior to that the scientific and ethics committee
of the coordinating center (Cardiac department of Athens
University, Hippokration Hospital, Athens, Greece) had
approved the study protocol. The protocol of the study
affected neither the diagnostic procedures, nor the thera-
peutic interventions applied to the studied patients who
gave informed consent for their participation.

Special characteristics of the study population

The Greek population is a relatively homogeneous Cauca-
sian population in terms of ethnic and cultural back-
ground, which presents low ischemic heart disease
mortality rates and low incidence of CAD despite the rel-
atively high prevalence of major coronary risk factors. The
aforementioned characteristics have been verified in large
scale epidemiological studies in the general population
[21] and in patients with documented CAD [22].

DNA analysis

In order to investigate the 894G>T polymorphism of
eNOS gene, located in exon 7, oligonucleotide primers for
polymerase chain reaction (PCR) were designed using the
published sequence of the human eNOS (NOS 3) gene
(Genbank/EMBL L10693-L10709) [23]. A coding
sequence variant, a G—T substitution in exon 7 (at posi-
tion 894) in codon 298, alters the amino acid at this resi-
due from Glu to Asp. Genotyping of this polymorphism
was performed by PCR amplification of exon 7, with the
flanking intronic primers 5'-CAT-GAG-GCT-CAG-CCC-
CAG-AAC-3' (sense) and 5'-AGT CAA-TCC-CTT-TGG-
TGC-TCA-C-3' (antisense), followed by Mbol restriction
endonuclease digestion for 16 hours at 37°C. Non-dena-
turing, 3% agarose gel electrophoresis, was used to iden-
tify a single PCR product of 206 bp. Cleavage of the
product into 119 bp and 87 bp fragments occurred in the
presence of a T at nucleotide 894. The latter corresponds
to Asp2?8, while no restriction digestion products were
obtained in the absence of T at the same residue.

Statistical analysis

Statistical analyses were performed with SPSS software
(version 13.0, Chicago, IL, U.S.A.). A P value on a 2-sided
test of 0.05 for group comparisons and 0.10 for interac-
tion tests was considered statistically significant. Chi-
square tests were used to compare genotype frequencies in
different groups. Multivariate logistic regression analysis,
with an allowance for age only, age and gender, or a group
of the major cardiovascular risk factors (age, gender,
hypercholesterolaemia, hypertension, diabetes mellitus,
smoking and family history for CAD), was used to explore
the impact of Asp298 variant on risk of AMI. Chi-square
analysis was used to test the assumption of Hardy-Wein-
berg equilibrium.
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Results

The main baseline characteristics of the patients with AMI
(cases) and of the subjects from the general population
(controls) are presented in Table 1. The frequencies of the
studied genotypes of the eNOS gene are shown in Figure
1. The observed frequencies of the studied alleles were in
Hardy-Weinberg equilibrium in both cases (2= 0.20, P >
0.1) and controls (y2=1.65, P> 0.1).

The frequency of the Asp/Asp genotype was not found to
differ significantly between cases and controls in relation
to the major coronary risk factors (gender, smoking status,
diabetes mellitus, hypercholesterolemia, hypertension,
obesity and family history of CAD). Furthermore, the
average number of the aforementioned risk factors did not
differ significantly in carriers versus non-carriers of the
Asp/Asp genotype, in both cases (2.36 vs 2.32, P = 0.771)
and controls (1.60 vs 1.81, P =0.137).

Homozygosity for the Asp allele and risk of AMI and in-
hospital mortality of AMI

The frequency of the mutated genotype (Asp/Asp) did not
differ significantly between cases and controls (11.2 vs
10.7%, P = NS). Similarly, the Glu/Asp (43.8 vs 40.9, P =
NS) and the Glu/Glu (43.8 vs 40.9, P = NS) genotypes did
not differ significantly between the study groups in uni-
variate analysis. In backward stepwise logistic regression
analysis with age, gender, smoking status, diabetes melli-
tus, hypercholesterolemia, hypertension, obesity and
family history of CAD included as covariates, the presence
of the Asp/Asp genotype was not found to be independ-
ently associated with AMI (RR=1.08, 95%CI =0.77-1.51,
P =0.663) (Figure 1).

Unadjusted in-hospital mortality of carriers and of non-
carriers of the Asp/Asp genotype did not differ signifi-
cantly (7.8 vs 7.7%, P = 0.939). Possession of this geno-
type was also not significantly associated with in-hospital
mortality in multivariate analysis adjusted for age, gender,
diabetes mellitus, hypertension, smoking status, obesity,
anterior location of infarction, administration of throm-

Table I: Baseline characteristics of the study population
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Synopsis of the results of multivariate analyses. The
relative risks and the corresponding 95% confidence intervals
for AMI, in-hospital mortality and multivessel disease in rela-
tion to the presence of the mutated (Asp/Asp) genotype are
shown. Detailed description of the variables included in each
multivariate analysis is presented in the results section of the
manuscript.

bolysis, and echocardiographic left ventricular ejection
fraction (RR = 1.08, 95%CI = 0.29-4.04, P = 0.908) (Fig-
ure 1).

Homozygosity for the Asp298 allele in relation to the
number of diseased vessels

Out of the studied AMI patients, 614 underwent coronary
angiography during the hospitalization period. The fre-
quencies of the Asp/Asp genotype in relation to the
number of diseased vessels were 13.3, 8.1, and 9.3% in
patients with one-, two-, and three-vessel disease, respec-
tively (P = 0.192). In multivariate analysis adjusted for
age, gender, diabetes mellitus, smoking status, hyperten-
sion, hypercholesterolemia, and obesity, the Asp/Asp var-
iant was not found to be independently associated with

Cases* n = 1602 Controlst n = 727 P value
Age (years) 62+ 13 58+ I5 <0.001
Male gender 79% (n = 1261) 43% (n = 314) <0.001
Diabetes 29% (n = 459) 11% (n=77) <0.001
Cigarette smoking 64% (n = 1017) 33% (n = 242) < 0.001
Hypercholesterolaemia 50% (n = 800) 33% (n = 241) <0.001
Hypertension 45% (n =719) 32% (n = 230) < 0.001
Heredity for CAD$ 26% (n = 412) 22% (n = 158) 0.040
*Cases = successfully genotyped patients with acute myocardial infarction
TControls = successfully genotyped individuals from the general population without a history of myocardial infarction
$CAD = coronary artery disease.
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the number of diseased vessels on coronary angiography
(OR =1.18, 95%CI = 0.63-2.23, P = 0.605) (Figure 1).

Discussion

In contrast to previous reports, our results derived from a
specifically designed, prospective, multicentre study do
not support the hypothesis that homozygosity for the
G84>T polymorphism, in eNOS gene is associated with
increased risk of AMI. Furthermore, we found no relation
of this polymorphism with angiographic extent of CAD
and in-hospital mortality after AMI.

Genetic association studies for ischemic heart disease and
special characteristics of the present study

The extensive search for a genetic variant that would influ-
ence significantly coronary risk, independently of the
major coronary risk factors, has been a target of cardiovas-
cular research on genetic epidemiology during the last
decades. However, genetic association studies for athero-
sclerotic cardiovascular diseases have resulted in conflict-
ing, non-reproducible and rather disappointing results.
Furthermore, publication bias has contributed to the con-
tamination of literature with small association studies
reporting positive results. Thus, data from association
studies should be evaluated in the context of their major
methodological limitations. The chance of a false linkage
in association studies is high and the replication of find-
ings, even in the same population, has been limited. In
addition, highly selected or not representative groups of
cases and controls, retrospective design, lack of multivari-
ate analysis, and bias introduced by selection by death
have also contributed to the plethora of contradictory
results in the field [24,25]. In this study we enrolled a
large number of consecutive patients hospitalized for
AM]I, aiming to avoid misclassification with subjects not
really suffering from CAD. The control group was ran-
domly selected from the general adult population
included in the city catalogues aiming to avoid selection
biases.

The role of the 894G>T polymorphism on the function of
eNOS

Endothelial NOS regulates NO synthesis by the endothe-
lium which is demonstrated to exert a key role on coro-
nary vasodilatation, vascular smooth muscle cell growth,
endogenous antioxidant defense and platelet aggregation
[26]. Several studies have examined whether the 894G>T
polymorphism of the eNOS gene alters the functional
profile of the protein, trying to provide a pathophysiolog-
ical background which could support the clinical hypoth-
esis of association between this polymorphism and
several cardiovascular diseases. Initial studies demon-
strated that the Asp298-encoded eNOS enzyme is more
prone to proteolytic cleavage, resulting in reduced levels
of functional eNOS and thus to a diminished steady-state
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eNOS activity [3]. However, it has been indicated that the
reported preferential cleavage of the Asp298 eNOS variant
is rather a methodological artifact attributed to nonspe-
cific acid hydrolysis during sample preparation [3,4],
while proper buffer selection and avoidance of acid con-
ditions completely prevent Asp-eNOS proteolysis [5].

Furthermore, Golser et al. [27] reported that Asp298 vari-
ant purified from a yeast expression system does not influ-
ence enzyme function and can not explain endothelial
dysfunction associated with this polymorphism, while
Dosenko et al. [28] demonstrated that eNOS activity in
isolated human platelets from 894T/T homozygotes was
not significantly lower than in normal homozygotes. Fur-
ther evidence supporting the lack of functional signifi-
cance of this single nucleotide polymorphism was derived
from the elegant study by McDonald et al. [5] who
showed that Glu—Asp substitution at position 298 of the
eNOS does not modulate either the subcellular localiza-
tion and interaction with modulatory proteins of the
enzyme or its activity in intact human endothelial cells.
This is also consistent with the spatial location of the posi-
tion 298 of the eNOS gene, which is situated externally,
far from the binding sites of eNOS regulatory proteins
[29,30], and thus this polymorphism is considered
unlikely to alter the functional properties of the enzyme to
a considerable extent. These data strongly doubt the func-
tional significance of this polymorphism and favor the
scenario that this eNOS variant might be an indirect
marker of genetic association with other disease-related
variants in either the eNOS gene or at other loci [5].

Association of 894G>T polymorphism with risk of CAD

A metaanalysis of case-control studies evaluating the
potential association between 894G>T eNOS polymor-
phism and the risk of CAD reached the conclusion that
homozygosity for eNOS Asp298 allele was associated
with a moderately, though significantly increased risk of
CAD [OR = 1.31;95%ClI = 1.13-1.51] [31]. The reported
results are amenable to criticism due to the significant het-
erogeneity of the individual odds ratios incorporated in
the calculation of the summary odds ratio. After excluding
from the analysis the study with the most influential odds
ratio, the authors abrogated the methodological limita-
tion of heterogeneity, but the calculated risk of CAD was
largely blunted and bordered on significance (summary
OR=1.17; 95%CI = 1.00-1.36; P = 0.05).

Antoniades et al. [10] in an elegantly designed study with
229 consecutive patients with premature AMI, demon-
strated that homozygosity for this polymorphism is asso-
ciated with a significantly increased risk for premature
AMI. Although discordant at a first glance with our results,
the conclusions of this study refer to a different, younger
than our patient population, where the relative contribu-
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tion of the 894G>T polymorphism to the susceptibility
for AMI might be enhanced. Furthermore, the fairly large
patient population of our study renders our results less
prone to the caveat of sampling variability in case-control
studies.

A large scale study on 5061 individuals of Japanese origin
demonstrated no association of the 894G>T polymor-
phism with risk of AMI [15]. Spence et al. [16] using fam-
ily-based association tests specifically designed for the
study of the genetic basis of multifactorial diseases, found
no evidence that the 894G>T eNOS gene polymorphism
was related to the development of CAD in a total of 1023
Caucasian individuals.

In a recent study of 861 diabetic men no significant asso-
ciation was observed between 894G>T eNOS polymor-
phism and risk of CAD [17]. There is also discrepancy in
the literature regarding the association between the
894G>T polymorphism and premature CAD. Granath
and colleagues[14] studying 573 patients younger than 50
years reported the absence of association between
894G>T eNOS polymorphism and premature CAD, while
in a recent smaller trial the TT genotype was significantly
and independently associated with premature CAD [32].
Gardemann and colleagues [33] studied young individu-
als with high risk atherosclerotic profile and reported an
association between 894G>T eNOS polymorphism and
CAD in this cohort. To our knowledge, this study is one of
the largest specifically designed study conducted in a gen-
eral Caucasian population to test the possible association
of this polymorphism with risk of AMI. Our results have
not validated the association between G8%4—T polymor-
phism, in the eNOS gene and increased risk of AMI.

Extent of CAD and in-hospital mortality in relation to
eNOS genotypes

We have found no association of the studied genotypes
with extent of CAD and in-hospital mortality. Gorchakova
et al, recently showed that carriers of the mutated geno-
type have an increased risk of death or MI within one year
after coronary artery stenting [34].

Study limitations

The main limitation of this study is the lack of data on
eNOS activity that might have enabled us to establish cor-
relations of the studied genotype with both the intermedi-
ate (NO levels) and final phenotype (AMI) of interest.

Conclusion

In conclusion, this relatively large scale study, devalues
the hypothesized association of the G84—T polymor-
phism in the eNOS gene with risk of AMI which had been
verified in a series of relatively small association studies.

http://www.biomedcentral.com/1471-2350/9/43

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

GKA and EWH carried out the molecular genetic studies,
participated in the sequence alignment and drafted the
manuscript. DKG, SET and DCS carried out the immu-
noassays. SIZ and DJR participated in the sequence align-
ment, SGF, MNZ and EJG participated in the design of the
study and performed the statistical analysis. ASM, PKT
and CIS conceived of the study, and participated in its
design and coordination and helped to draft the manu-
script. All authors read and approved the final manu-
script.

Acknowledgements

The authors are indebted to all the cardiologists and to all the directors of
the Cardiac departments that participated in the study. This study was sup-
ported by the European Society of Cardiology (Research fellowship 1999—
2000 to G.K.A. and 1998-1999 to D.J.R.) and by the Hellenic Heart Foun-
dation (Research Fellowship, 1998-1999 to G.K.A.).

References

. Veldman BA, Spiering W, Doevendans PA, Vervoort G, Kroon AA, de
Leeuw PW, Smits P: The Glu298Asp polymorphism of the
NOS3 gene as a determinant of the baseline production of
nitric oxide. | Hypertens 2002, 20(10):2023-7.

2. Wang XL, Sim AS, Wang MX, Murrell GA, Trudinger B, Wang J: Gen-
otype dependent and cigarette specific effects on endothelial
nitric oxide synthase gene expression and enzyme activity.
FEBS Lett 2000, 47 1:45-50.

3. Tesauro M, Thompson WC, Rogliani P, Qi L, Chaudhary PP, Moss J:
Intracellular processing of endothelial nitric oxide synthase
isoforms associated with differences in severity of cardiopul-
monary diseases: cleavage of proteins with aspartate vs.
glutamate at position 298. Proc Natl Acad Sci 2000, 97(6):2832-5.

4, Fairchild TA, Fulton D, Fontana JT, Gratton JP, McCabe TJ, Sessa WC:
Acidic hydrolysis as a mechanism for the cleavage of the
Glu(298)3Asp variant of human endothelial nitric-oxide syn-
thase. | Biol Chem 2001, 276:26674-26679.

5. McDonald DM, Alp NJ, Channon KM: Functional comparison of
the endothelial nitric oxide synthase Glu298Asp polymor-
phic variants in human endothelial cells. Pharmacogenetics 2004,
14(12):831-9.

6.  ChangK, Baek SH, Seung KB, Kim PJ, Ihm SH, Chae JS, Kim JH, Hong
SJ, Choi KB: The Glu298Asp polymorphism in the endothelial
nitric oxide synthase gene is strongly associated with coro-
nary spasm. Coron Artery Dis 2003, 14(4):293-9.

7. Philip I, Plantefeve G, Vuillaumier-Barrot S, Vicaut E, LeMarie C, Hen-
rion , Poirier O, Levy Bl, Desmonts JM, Durant G, Benessiano J:
G894T polymorphism in the endothelial nitric oxide syn-
thase gene is associated with an enhanced vascular respon-
siveness to phenylephrine. Circulation 1999, 99:3096-3098.

8. McNamara DM, Holubkov R, Postava L, Ramani R, Janosko K, Mathier
M, MacGowan GA, Murali S, Feldman AM, London B: Effect of the
Asp298 variant of endothelial nitric oxide synthase on sur-
vival for patients with congestive heart failure. Circulation
2003, 107(12):1598-602.

9. Hingorani AD, Liang CF, Fatibene ], Lyon A, Monteith S, Parsons A,
Haydock S, Hopper RV, Stephens NG, O'Shaughnessy KM, Brown MJ:
A common variant of the endothelial nitric oxide synthase
(Glu298->Asp) is a major risk factor for coronary artery dis-
ease in the UK. Circulation 1999, 100:1515-20.

10.  Antoniades C, Tousoulis D, Vasiliadou C, Pitsavos C, Chrysochoou C,
Panagiotakos D, Tentolouris C, Marinou K, Koumallos N, Stefanadis
C: Genetic polymorphism on endothelial nitric oxide syn-
thase affects endothelial activation and inflammatory
response during the acute phase of myocardial infarction. |
Am Coll Cardiol 2005, 46(6):1101-9.

Page 5 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12359981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12359981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12359981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10760510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10760510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10717002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10717002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10717002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11331296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11331296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11331296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15608562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15608562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15608562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12826928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12826928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12826928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10377070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10377070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10377070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10510054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10510054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10510054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16168297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16168297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16168297

BMC Medical Genetics 2008, 9:43

20.

21.

22.

23.

24.

25.
26.

27.

Lembo G, De Luca N, Battagli C, lovino G, Aretini A, Musicco M, Frati
G, Pompeo FVecchione C, Trimarco B: A common variant of
endothelial nitric oxide synthase (Glu298Asp) is an inde-
pendent risk factor for carotid atherosclerosis. Stroke 2001,
32(3):735-40.

Paradossi U, Ciofini E, Clerico A, Botto N, Biagini A, Colombo MG:
Endothelial function and carotid intima-media thickness in
young healthy subjects among endothelial nitric oxide syn-
thase Glu298-->Asp and T-786-->C polymorphisms. Stroke
2004, 35(6):1305-9.

Gomma AH, Elrayess MA, Knight CJ, Hawe E, Fox KM, Humphries SE:
The endothelial nitric oxide synthase (Glu298Asp and -
786 T>C) gene polymorphisms are associated with coronary
in-stent restenosis. Eur Heart | 2002, 23(24):1955-62.

Granath B, Taylor RR, van Bockxmeer FM, Mamotte CD: Lack of
evidence for association between endothelial nitric oxide
synthase gene polymorphisms and coronary artery disease
in the Australian Caucasian population. | Cardiovasc Risk 2001,
8(4):235-41.

Yamada Y, Izawa H, Ichihara S, Takatsu F, Ishihara H, Hirayama H,
Sone T, Tanaka M, Yokota M: Prediction of the risk of myocar-
dial infarction from polymorphisms in candidate genes. N
Engl | Med 2002, 347:1916-23.

Spence MS, McGlinchey PG, Patterson CC, Allen AR, Murphy G,
Bayraktutan U, Fogarty DG, Evans AE, McKeown PP: Endothelial
nitric oxide synthase gene polymorphism and ischemic heart
disease. Am Heart | 2004, 148(5):847-51.

Zhang C, Lopez-Ridaura R, Hunter D), Rifai N, Hu FB: Common
variants of the endothelial nitric oxide synthase gene and the
risk of coronary heart disease among U.S. diabetic men. Dia-
betes 2006, 55(7):2140-7.

Andrikopoulos GK, Richter DJ, Needham EWV, Tzeis SE, Zairis MN,
Gialafos EJ, Vogiatzi PG, Papasteriadis EG, Kardaras FG, Foussas SG,
Gialafos JE, Stefanadis Cl, Toutouzas PK, Mattu RK, GEMIG study
investigators: The paradoxical association of common poly-
morphisms of the renin-angiotensin system genes with risk
of myocardial infarction. Eur | Cardiovasc Prev Rehabil 2004,
11(6):477-83.

Andrikopoulos GK, Richter D), Needham EWV, Zairis MN, Karabinos
EN, Gialafos EJ, Dilaveris PE, Paravolidakis KE, Kappos KG, Papasteri-
adis EG, Kardaras FG, Foussas SG, Stefanadis Cl, Gialafos JE, Mattu
RK, Toutouzas PK, GEMIG Study Investigators: Association of the
ile405val mutation in cholesteryl ester transfer protein gene
with risk of acute myocardial infarction. Heart 2004,
90(11):1336-7.

Andrikopoulos GK, Tzeis SM, Needham EW, Richter D, Zairis MN,
Gialafos EJ, Kardaras FG, Foussas SG, Stefanadis Cl, Toutouzas PK,
Mattu R, GEMIG study investigators: Lack of association between
common polymorphisms in genes of the renin-angiotensin
system and mortality after myocardial infarction. Cardiology
2005, 103(4):185-8.

Panagiotakos DB, Pitsavos C, Chrysohoou C, Stefanadis C, Toutouzas
P: Risk stratification of coronary heart disease through estab-
lished and emerging lifestyle factors in a Mediterranean pop-
ulation: CARDIO2000 epidemiological study. | Cardiovasc Risk
2001, 8(6):329-35.

Andrikopoulos GK, Richter D), Dilaveris PE, Pipilis A, Zaharoulis A,
Gialafos JE, Toutouzas PK, Chimonas ET: In-hospital mortality of
habitual cigarette smokers after acute myocardial infarc-
tion. The smoker's paradox in a countrywide study. Eur Heart
J 2001, 22:776-784.

Marsden PA, Heng HH, Scherer SW, Stewart R], Hall AV, Shi XM,
Tsui LC, Schappert KT: Structure and chromosomal localiza-
tion of the human constitutive endothelial nitric oxide syn-
thase. | Biol Chem 1993, 268:17478-17488.

Barzilai N, Atzmon G, Schechter C, Schaefer E|, Cupples AL, Lipton
R, Cheng S, Shuldiner AR: Unique lipoprotein phenotype and
genotype associated with exceptional longevity. JAMA 2003,
290(15):2030-40.

Andrikopoulos GK, Richter DJ: Genetic factors in exceptional
longevity. JAMA 2004, 291(8):941-2.

Napoli C, de Nigris F, Williams-Ignarro S, Pignalosa O, Sica V, Ignarro
LJ: Nitric oxide and atherosclerosis: An update. Nitric Oxide in
press. 2006 Apr |5;

Golser R, Gorren AC, Mayer B, Schmidt K: Functional character-
ization of Glu298Asp mutant human endothelial nitric oxide

http://www.biomedcentral.com/1471-2350/9/43

synthase purified from a yeast expression system. Nitric Oxide
2003, 8(1):7-14.

28. Dosenko VE, Zagoriy VY, Haytovich NV, Gordok OA, Moibenko AA:
Allelic polymorphism of endothelial NO-synthase gene and
its functional manifestations. Acta Biochim Pol 2006,
53(2):299-302.

29. Dedio ), Konig P, Wohlfart P, Schroeder C, Kummer W, Muller-Esterl
W: NOSIP, a novel modulator of endothelial nitric oxide syn-
thase activity. FASEB 2001, 15:79-89.

30. Garcia-Cardena G, Martasek P, Masters BS, Skidd PM, Couet J, Li S,
Lisanti MP, Sessa WC: Dissecting the interaction between nitric
oxide synthase (NOS) and caveolin. Functional significance
of the NOS caveolin binding domain in vivo. J Biol Chem 1997,
272:25437-25440.

31. Casas JP, Bautista LE, Humphries SE, Hingorani AD: Endothelial
nitric oxide synthase genotype and ischemic heart disease:
meta-analysis of 26 studies involving 23 028 subjects. Circula-
tion 2004, 109:1359-1365.

32. Cam SF, Sekuri C, Tengiz |, Ercan E, Sagcan A, Akin M, Berdeli A: The
G894T polymorphism on endothelial nitric oxide synthase
gene is associated with premature coronary artery disease in
a Turkish population. Thromb Res 2005, 1 16(4):287-92.

33. Gardemann A, Lohre J, Cayci S, Katz N, Tillmanns H, Haberbosch W:
The T allele of the missense Glu(298)Asp endothelial nitric
oxide synthase gene polymorphism is associated with coro-
nary heart disease in younger individuals with high athero-
sclerotic risk profile. Atherosclerosis 2002, 160(1):167-75.

34. Gorchakova O, Koch W, Beckerath N, Mehilli ], Schomig A, Kastrati
A: Association of a genetic variant of endothelial nitric oxide
synthase with the | year clinical outcome after coronary
stent placement. Eur Heart | 2003, 24:820-827.

Pre-publication history
The pre-publication history for this paper can be accessed

here:

http://www.biomedcentral.com/1471-2350/9/43/prepub

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11239195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11239195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11239195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15073390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15073390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15073390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11551002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11551002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11551002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12477941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12477941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15523316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15523316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15523316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15580058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15580058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15580058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15486139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15486139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15486139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15785027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15785027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15785027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11873088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11873088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11873088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7688726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7688726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7688726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14559957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14982908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14982908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12586536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12586536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12586536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11149895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11149895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9325253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9325253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9325253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15007011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15007011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15007011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16038712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16038712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16038712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12727149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12727149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12727149
http://www.biomedcentral.com/1471-2350/9/43/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patient population
	Special characteristics of the study population
	DNA analysis
	Statistical analysis

	Results
	Homozygosity for the Asp allele and risk of AMI and in- hospital mortality of AMI
	Homozygosity for the Asp298 allele in relation to the number of diseased vessels

	Discussion
	Genetic association studies for ischemic heart disease and special characteristics of the present study
	The role of the 894G>T polymorphism on the function of eNOS
	Association of 894G>T polymorphism with risk of CAD
	Extent of CAD and in-hospital mortality in relation to eNOS genotypes
	Study limitations


	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

