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Polymorphisms in the endothelial nitric oxide synthase (eNOS) gene have been inconsistently associated with hypertension. This inconsis-
ency may derive from population stratification secondary to ethnic diversity, and consideration limited to only one rather than combinations
f polymorphisms.

We studied three genetic variations in the eNOS gene: a single nucleotide polymorphism in the promoter region (T−786C), in exon 7
Glu298Asp), and a variable number of tandem repeats in intron 4 (b/a) of the eNOS gene in hypertensives (112 whites and 91 blacks) and
ormotensives (113 whites and 87 blacks). In addition, we also examined the association of eNOS gene haplotypes with hypertension in white
nd black subjects.

No differences were observed in the frequencies of genotypes and alleles of the three polymorphisms when white hypertensives and white
ormotensives were compared, or when black hypertensives and black normotensives were compared (all P > 0.05). Conversely, the haplotypes
T Asp b” and “C Glu b” were more common among white (16 and 24%, respectively) and black (17 and 16%, respectively) normotensives
han in white (7 and 8%, respectively) and black (4 and 6%, respectively) hypertensives, respectively (all P < 0.0039). In addition, the haplotype
C Asp b” was more commonly found in white hypertensives than in white normotensives (P = 0.0007). These results suggest a contribution
f eNOS haplotypes to the development of hypertension that is obscured when specific eNOS genotypes alone are considered. In addition, our
esults suggest two eNOS haplotypes associated with a protective effect against hypertension in both ethnic groups, and one eNOS haplotype
onferring susceptibility to hypertension in white subjects.

2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Hypertension is a multifactorial disease with environmen-
al and genetic components. Since nitric oxide (NO) is a

ajor regulator of the cardiovascular system [1], it is con-
eivable that abnormalities in the activity of the enzyme

∗ Corresponding author. Tel.: +55 16 602 3163; fax: +55 16 633 2301.
E-mail address: tanus@fmrp.usp.br (J.E. Tanus-Santos).

that synthesizes NO in endothelial cells (endothelial nitric
oxide synthase; eNOS) may lead to NO deficiency and cause
clinical hypertension [2]. Therefore, a number of studies
have been carried out to examine whether polymorphisms
in the eNOS gene are associated with hypertension [3–9].
While most studies have focused on three clinically relevant
polymorphisms including a single nucleotide polymorphism
(SNP) in the promoter region (T−786C), a SNP in exon 7
that results in an amino acid change (Glu298Asp), and a
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variable number of tandem repeats (VNTR) in intron 4, incon-
sistent associations between these eNOS genetic variations
and hypertension have been found. For example, significant
associations were found in some studies [3–6,10] but not in
others [7–9]. One major reason from which these discrepan-
cies may result is population stratification secondary to ethnic
diversity, a factor that may decrease the power of association
studies [11]. In this regard, marked interethnic differences
in the distribution of eNOS genetic variants and haplotypes
frequencies were reported when blacks were compared with
whites [12,13]. In addition, discrepancies in association stud-
ies may also result from consideration limited to only one
polymorphism rather than combinations of polymorphisms
[14,15]. Therefore, it is generally believed that analyzing
combinations of genetic markers in a region of interest (hap-
lotypes) can be much more informative than testing the effects
of genetic markers one by one [15].

In the present study, we compared the distribution of
genetic variants of the three above mentioned eNOS polymor-
phisms in hypertensive and normotensive, white and black
subjects. In addition, we also examined the association of
eNOS gene haplotypes with hypertension in white and black
subjects.

2. Methods
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and the Glu298Asp polymorphism in exon 7. Genotypes
for the T−786C and for the Glu298Asp polymorphisms
were determined by polymerase chain reaction (PCR) and
restriction fragment length digestion as previously described
[12,13,16,17]. To ensure that there was complete restric-
tion digestion, we used similar amounts of DNA in each
digestion and we also included a control DNA sample that
would lead to complete digestion in every digestion. Geno-
types for the VNTR polymorphism in intron 4, however, were
determined by PCR and fragment separation by electrophore-
sis in 8% polyacrylamide gels as previously described
[12,13,16].

2.3. Statistical analysis

The clinical characteristics were compared by Stu-
dent unpaired t-test. The distribution of genotypes for
each polymorphism was assessed for deviation from the
Hardy–Weinberg equilibrium, and differences in genotype
frequency and in allele frequency between groups were
assessed using χ2-tests. A value of P < 0.05 was considered
statistically significant.

The estimating haplotype (EH) software program
(ftp://linkage.rockfeller.edu/ott/eh.htm; assessed on 2 July,
2005) was used to estimate the haplotypes frequencies in
each group. As suggested by the author of EH software pro-
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.1. Subjects

This study was approved by our institutional review com-
ittee and each subject provided written informed consent.
wo groups of subjects were studied: 200 normal healthy vol-
nteers (normotensive, NT group; 113 whites and 87 blacks)
ecruited from general public, and 203 patients with arte-
ial hypertension (HT group; 112 whites and 91 blacks)
ecruited from our hospital hypertension clinic. All the sub-
ects provided a complete health history and underwent a
hysical examination, and laboratory analysis to exclude
ndividuals with evidence of secondary hypertension, dia-
etes mellitus, and renal diseases. Blood pressure (BP) mea-
urement was taken three times from all volunteers with
ubject in the seated position with the use of an auto-
atic blood pressure device. The individuals were considered

ypertensive if their systolic or diastolic BP was >140 or
90 mmHg, respectively; or were on antihypertensive ther-
py. Venous blood samples were collected and genomic DNA
as extracted from the cellular component of 1 mL of whole
lood by a salting-out method and stored at −20 ◦C until
nalyzed.

.2. Genotype determination

Three clinically relevant polymorphisms of eNOS gene
ere studied: the T−786C polymorphism in the 5′-flanking

egion of eNOS gene, the variable number of tandem
epeats (VNTR, 27 bp-repeat) polymorphism in intron 4,
ram, we estimated haplotype frequencies in the joint group
o check whether total likelihood differs from the sum of the
wo (cases and controls) likelihoods. In addition, to iden-
ify which specific haplotypes are associated with increased
usceptibility to hypertension, differences in haplotype fre-
uency were further tested using a contingency table, and
alue of Pc < 0.00625 (0.05/number of haplotypes) was con-
idered significant to correct for the number of comparisons
ade.

. Results

Table 1 summarizes the characteristics of the 403 sub-
ects enrolled in the study. Normotensive and hypertensive
ubjects were matched for age and ethnicity, and no signif-
cant differences in clinical characteristics existed between
roups, except for typical differences in systolic and dias-
olic blood pressure (Table 1). Table 2 shows the results of
he single-locus analysis. The distribution of genotypes for
he three polymorphisms studied here showed no deviation
rom Hardy–Weinberg equilibrium.

In the present study, we found that genotype distri-
ution for the Glu298Asp and for the intron 4 poly-
orphisms only tended to be different in normotensive
hite subjects compared with normotensive black subjects

Table 2). While these findings are somewhat different from
hose previously reported in a Brazilian population [13],
hich showed significant differences between blacks and
hites, we found significant interethnic difference in the

ftp://linkage.rockfeller.edu/ott/eh.htm
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Table 1
Clinical characteristics of study groups

Parameters Total Men Women

NT (n = 200) HT (n = 203) NT (n = 134) HT (n = 81) NT (n = 66) HT (n = 122)

White/black 113/87 112/91 78/56 44/37 35/31 68/54
Age (year) 41 ± 8 46 ± 12 40 ± 7 44 ± 13 44 ± 8 47 ± 11
BMI (kg/m2) 27 ± 3 28 ± 5 27 ± 4 27 ± 6 26 ± 5 29 ± 5*

SBP 117 ± 10 144 ± 27* 124 ± 13 147 ± 26* 116 ± 9 142 ± 27
DBP 74 ± 8 86 ± 15* 73 ± 10 87 ± 17* 74 ± 8 85 ± 14
Tot chol 184 ± 37 194 ± 38 182 ± 36 194 ± 38 184 ± 35 194 ± 38
HR 72 ± 6 78 ± 16 66 ± 10 77 ± 19 77 ± 13 78 ± 14

SBP, systolic blood pressure (mmHg); DBP, diastolic blood pressure (mmHg); BMI, body mass index; Tot chol, total cholesterol (mg/dL); HR, heart rate
(beats/min); NT, normotensives; HT, hypertensives.

* P < 0.05 compared to normotensives (Student unpaired t-test).

distribution of genotypes for the T−786C polymorphism
(P = 0.022), which is very similar to that previously reported
[13].

No significant differences were observed in the frequen-
cies of genotypes and alleles of the three polymorphisms
when white hypertensives were compared with white nor-
motensives (all P > 0.05, Table 2). In addition, no such differ-
ences were found when black hypertensives were compared
with black normotensives (all P > 0.05, Table 2).

We estimated haplotype frequencies in the joint group to
check whether total likelihood differs from the sum of the two
(cases and controls) likelihoods. We found a χ2-value of 59.5,
which leads to a significance level <0.0001. Interestingly,
while essentially negative results were found when genotype
or allele distributions were compared in both ethnic groups,
consistent differences in the distributions of haplotypes fre-

quencies were found when hypertensives were compared
with normotensives in both ethnic groups (P = 0.002 in blacks
and P = 0.0091 in whites; Table 3). Specifically, haplotypes
H3 (T Asp b) and H5 (C Glu b) were more commonly found in
white normotensives than in white hypertensives (P = 0.0025
and 0.0001, respectively; Table 3). The same haplotypes (H3
and H5) were also more commonly found in black normoten-
sives than in black hypertensives (P = 0.0001 and 0.0039,
respectively; Table 3). In addition, while the haplotype H7
(C Asp b) was more commonly found in white hypertensives
than in white normotensives (P = 0.0007), this difference did
not reach statistical significance when black hypertensives
were compared with black normotensives (P = 0.02, which is
greater than 0.00625, the corrected P value for eight compar-
isons; Table 3). No other significant differences were found
in haplotype frequency in both ethnic groups.

Table 2
Genotypes and alleles frequencies of the three polymorphism analyzed in normotensives (NT) and hypertensives (HT)

Genotype White P Black P

NT (%) HT (%) NT (%) HT (%)

T−786C T, T 32 33 0.48 47 54 0.60
T, C 54 55 47 40
C, C 14 12 5 6

G

I

)

T

G

I

N

lu298Asp Glu, Glu 47 43
Glu, Asp 47 48
Asp, Asp 6 9

ntron 4 4b, 4b 76 70
4b, 4a 21 27
4a, 4a 4 3

Alleles White

NT (%) HT (%

−786C T 0.59 0.61
C 0.41 0.39

lu298Asp Glu 0.71 0.67
Asp 0.29 0.33

ntron 4 4b 0.86 0.84
4a 0.14 0.16

T, normotensives; HT, hypertensives, P values determined by χ2-test.
0.78 52 63 0.08
41 34

7 3

0.67 66 62 0.86
28 32

5 6

P Black P

NT (%) HT (%)

0.88 0.71 0.74 0.75
0.29 0.26

0.64 0.72 0.8 0.18
0.28 0.2

0.84 0.81 0.78 0.72
0.19 0.22
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Table 3
Estimated haplotypes frequencies in normotensives (NT) and hypertensives (HT)

Haplotypes White Pc Black Pc

T−786C Glu298Asp Intron 4 NT (n = 212) HT (n = 220 NT (n = 188) HT (n = 152)

H1 T Glu b 0.36 0.46 0.0335 0.42 0.55 0.0151
H2 T Glu a 0.05 0.08 0.1786 0.10 0.17 0.0583
H3 T Asp b 0.16 0.07 0.0025* 0.17 0.04 0.0001*

H4 T Asp a 0.02 0.01 0.3854 0.04 0.00 0.0101
H5 C Glu b 0.24 0.08 0.0001* 0.16 0.06 0.0039*

H6 C Glu a 0.04 0.06 0.4317 0.04 0.04 0.8870
H7 C Asp b 0.11 0.23 0.0007* 0.06 0.13 0.0200
H8 C Asp a 0.02 0.01 0.3854 0.01 0.01 0.8304

n, number of haplotypes; NT, normotensives; HT, hypertensives. For white P = 0.0091, χ2 = 18.74; for black P = 0.002, χ2 = 22.25.
* Pc < 0.00625 (or 0.05/8).

4. Discussion

This study was the first to evaluate a potential association
between hypertension and eNOS haplotype. While we found
no association between hypertension and individual eNOS
polymorphisms, significant differences were found in the
frequency of three haplotypes when hypertensives were com-
pared with normotensives. Interestingly, these differences in
haplotype frequency were very similar in both ethnic groups
studied here, thus supporting the idea that the interaction of
multiple genetic markers within a haplotype is a major deter-
minant of disease susceptibility than are individual markers
[15,18].

Although some studies [3–6,10] have shown significant
associations between eNOS polymorphisms and hyperten-
sion, there is uncertainty about such associations. While our
results support previous studies [7–9] showing no association
between eNOS polymorphisms and hypertension in different
ethnic groups, we believe that such conclusions are limited
by many factors challenging human geneticists involved in
multifactorial disease research [19]. For example, popula-
tion stratification due to ethnic diversity is a major issue in
association studies, and we have extensively demonstrated
marked interethnic differences in the distribution of eNOS
genetic variants and haplotypes frequencies [12,13]. Interest-
ingly, we found that two or three haplotypes are consistently
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ants, the occurrence of “(−786)C” allele was shown to reduce
the promoter activity of eNOS gene by approximately 50%
[21,22]. Conversely, there is controversial evidence for an
impaired enzyme function as a result of the polymorphism in
exon 7 [23,24] and no functional evidence for the VNTR in
intron 4 [25]. However, a recent study examining transcrip-
tion efficiency in a reporter system has shown a cis-regulating
effect for the polymorphism in intron 4, which is apparently
haplotype-dependent [20]. Adding more complexity to this
issue, there are important interethnic differences in linkage
disequilibrium (or allelic association) between eNOS gene
variants [12,13]. While our study does not provide a ratio-
nale for the association of hypertension with specific eNOS
haplotypes, it indicates combinations of eNOS gene variants
that may help better understand the molecular basis of hyper-
tension. In addition, our findings highlight the importance of
haplotypic structure to study the genetic component of human
disease [26]. Finally, our results suggest a potentially pro-
tective effect for two eNOS haplotypes (haplotypes H3 and
H5, Table 3), which were more common in normotensive
than in hypertensive black and white subjects. Conversely,
our findings implicate one eNOS haplotype (haplotype H7)
conferring susceptibility to hypertension in white subjects.

The present findings indicate that association studies
based on haplotypes may provide more reliable informa-
tion than single polymorphism-based studies. Although other
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ssociated with normotension or hypertension in two eth-
ic groups showing marked differences in the distribution of
NOS variants. Taken together, these findings suggest that
ndividual eNOS genotypes are not reliable markers of risk
or developing hypertension. The study of eNOS haplotypes,
owever, may provide much more appropriate information
20]. Finally, we found no significant association between the
egree of hypertension and eNOS haplotypes in the present
tudy. However, this study was not designed to address this
ssue and does not have the power to rule out such a possi-
ility.

The present study does not address the molecular basis
or the association of hypertension with specific eNOS hap-
otypes. While few studies have attempted to demonstrate
he functional implications of individual eNOS genetic vari-
omplex mechanisms may also be important in hypertension,
he present results suggest that interactions between eNOS
ene variants play a role in the pathophysiology of hyper-
ension. The molecular mechanisms underlying the associ-
tion between specific eNOS haplotypes and abnormalities
n eNOS activity deserve further investigation. The under-
tanding of such mechanisms may help better appreciate
he molecular basis of hypertension, which may transcend
nterethnic heterogeneity in predisposition to hypertension.

In conclusion, our findings suggest a contribution of
NOS haplotypes to the development of hypertension that
s obscured when specific eNOS genotypes alone are con-
idered. Further studies should be conducted to address the
olecular basis for the association of specific eNOS haplo-

ypes with hypertension.
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