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Association of endothelial nitric oxide synthase gene intron 4
polymorphism with end-stage renal disease
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SUMMARY:

Background: Nitric oxide (NO) released from endothelial cells is related to the maintenance of physiological
vascular tone. The impairment of endothelial NO generation brought about by gene polymorphism is considered
one of the deterioration factors in progressive renal disease. In the endothelial nitric oxide synthase (eNOS) intron
4 polymorphism, the presence of the aa genotype has been associated with cardiovascular and renal disease.
The aim of this study was to investigate the presence of eNOS gene intron 4 polymorphism in patients with
end-stage renal disease (ESRD).
Methods: A total of 114 patients and 94 controls were studied. DNA specimens were extracted from blood and
amplified by polymerase chain reaction. The alleles were separated by agarose gel electrophoresis. Genotype
distribution and allele frequencies were compared between groups using the chi-squared test.
Results: Statistical analysis revealed that the frequency of the eNOS4 genotype aa was significantly different
in ESRD patients and in controls (P = 0.016, OR = 2.07, CI 95%: 1.14–3.74). There was also a statistically
significant difference between ESRD patients and controls regarding allele carriers (P = 0.004; OR = 2.26; CI
95%: 1.29–3.96). When the frequencies of allele carriers in the diabetic nephropathy group and in the control
group were compared, a significant difference was found (P = 0.034, OR = 2.28; CI 95%: 1.04–5.00).
Conclusion: This study showed a strong correlation between eNOS4a polymorphism and end-stage renal
disease.

KEY WORDS: 27-bp repeats in intron 4, chronic renal failure, diabetes mellitus, endothelial nitric oxide
synthase, end-stage renal disease, gene polymorphism.

Endothelial dysfunction – defined as the impaired ability of
vascular endothelium to stimulate vasodilation – plays a
major role in the development of various pathological con-
ditions which predispose to cardiovascular disease, such as
hypercholesterolemia, hypertension, type 2 diabetes and
chronic renal failure.1

Nitric oxide (NO), an important intracellular messenger
molecule, plays a major role in maintaining homeostasis.2,3

NO is synthesized from L-arginine by three NO synthase
(NOS) isoforms: neuronal (nNOS), inducible (iNOS) and

endothelial NOS (eNOS). The NOS isoforms share
approximately 50% homology and are encoded by different
genes.4–6 nNOS and eNOS are constitutively expressed
mainly in the nervous system and the vascular endothelium,
respectively. Upon stimulation and under basal conditions,
they synthesize a small amount of NO in a calcium-
dependent manner. In contrast, iNOS is induced when
stimulated by microbial endotoxins or certain proinflamma-
tory cytokines, producing a greater amount of NO in a
calcium-independent manner.4

Human eNOS is encoded by a gene located on chromo-
some 7q35-36 comprising a 26 exons-25 introns and its
predominant form has 133 KDa.7 The enzymatic activity of
the constitutively expressed eNOS is controlled by intrac-
ellular Ca2+ levels and other cofactors. After being released
in endothelial cells, NO diffuses rapidly through cell mem-
branes and relaxes neighbouring vascular smooth muscle
cells through the production of guanosine 3′,5′-cyclic
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monophosphate (cGMP). In addition, NO inhibits platelet
activation, regulates angiogenesis and controls microvascu-
lar permeability.8,9 NO is synthesized in the kidney and plays
an important role in regulating renal haemodynamics and
function. There is evidence that NO is generated not only
in the vascular endothelium, but also in other renal cells.10,11

Over the last few years, several polymorphisms of the
eNOS gene (NOS3) have been identified, and their asso-
ciation with various diseases has been explored.1,12 In par-
ticular, a single-nucleotide polymorphism (SNP) in the
promoter region (T-786C), a SNP in exon 7 (Glu298Asp)
and the variable number of tandem repeats (VNTR) in
intron 4 have received most of the attention, because of
their association with cardiovascular and renal diseases.1,13,14

In the 27-bp repeat of intron 4, two alleles have been
identified, the larger of which, eNOS4b, has 5 tandem 27-bp
repeats (GAAGTCTAGACCTGCTGC(A/G)GGGGTG
AG) and the smaller, eNOS 4a, has four repeats (Fig. 1).
The eNOS4a allele has been found to be more frequent in
end-stage renal disease (ESRD).8,12,13,15

The aim of this study was to investigate possible corre-
lations between eNOS intron 4 polymorphism and ESRD in
Brazilian patients.

MATERIALS AND METHODS

A total of 114 patients with ESRD were included in this study (66 men
and 48 women, mean age = 53.8 years). Sixty of the patients were in
treatment with dialysis and 53 without dialysis. In 107 of the patients,
the cause of the renal failure was established as being: hypertensive
nephropathy (n = 43), diabetic nephropathy (DN, n = 37), glomerulo-
nephritis (n = 13), interstitial nephritis (n = 6), polycystic kidney
disease (n = 6) and systemic lupus erythematosus (n = 2). Healthy
control subjects (n = 94) with no clinical signs of vascular or renal
disease and no family history of renal disease were recruited among
blood donors and hospital staff (52 men and 42 women, mean
age = 52.7 years). Our study group, patients and controls, was very
heterogeneous and included people of different ethnic origins and
admixtures. All subjects signed an informed consent form, and the
studies were approved by the local University Ethics Committee on
human research.

Genomic DNA

Genomic DNA was isolated from peripheral blood leucocytes using a
DNA extraction kit (QIAamp DNA Blood Mini Kit (250) from
Qiagen, Valencia, CA, USA).

Determination of eNOS genotype

Two oligonucleotide primers that flank the region of the 27-bp repeat
sequence in intron 4 of the eNOS gene were used for polymerase chain

reaction (PCR) amplification. The eNOS primers were synthesized by
Integrated DNA Technologies, Inc. (IDT, Santa Clara, CA, USA).
The forward primer was 5′-AGGCCCTATGGTAGTGCCTTT-3′ and
the reverse primer was 5′-TCTCTTAGTGCTGTGGTCAC-3′ (2).
Genomic DNA (100 ng) was amplified by PCR using 10 mL of Master
Mix (Eppendorf, Hamburg, Germany), and 10 pmol of each primer, in
a final reaction volume of 25 mL. The reaction mixture was heated to
94°C for 6 min for denaturation and then subjected to 35 cycles at
94°C for 1 min, annealing at 56°C for 1 min and extension at 72°C for
2 min, followed by a final extension step at 72°C for 7 min. The PCR
products were analysed by electrophoresis in 2.5% agarose gels stained
with ethidium bromide.

Statistical analysis

Normally distributed data are presented as means 1 standard deviation
(SD). The distribution of the genotypes was assessed for deviation from
the Hardy–Weinberg equilibrium by using the chi-squared (c2) test.
Genotype distribution and allele frequencies were also compared
between groups using the c2-test. Student’s t-test was used to compare
the mean time with ESRD between genotypes. Multiple logistic regres-
sion analysis was used to determine the relationship between eNOS
gene polymorphism and ESRD.

RESULTS

The genotypes of 208 individuals, 114 ESRD patients and
94 healthy controls, were investigated for eNOS gene poly-
morphisms. Clinical characteristics of the study group are
summarized in Table 1. There were no significant differences
between groups regarding age and gender.

The genotypes of the group were clearly determined by
PCR. Fragments containing 420 bp (eNOSb allele) and
393 bp (eNOSa allele) can be visualized in Figure 2.

No significant deviation from the Hardy–Weinberg
equilibrium was observed in either the control or the case
population (c2 = 0.186 and 0.02, respectively).

The genotype distribution in patients and controls is
shown in Table 2. The ESRD group presented eNOsa allele
frequency of 34.2%, while in the control group it was 20.7%,
a statistically significant difference (P = 0.002). The 12.2%
frequency of the eNOS a/a genotype in the ESRD patients
was also significantly different from the value found for
the normal controls (5.3%) (P = 0.012). Multiple logistic
regression analysis for correcting the influence of age and
sex revealed that the frequency of the eNOS a/a genotype
was significantly higher in the ESRD patients than in the
controls (P = 0.016, OR = 2.07, 95% CI: 1.14–3.74). The
difference in frequency of allele carriers was equally signifi-
cant (P = 0.004; OR = 2.26, 95% CI: 1.29–3.96).

Fig. 1 Schematic representation of
the eNOS gene. Exons (empty
boxes); introns (filled boxes). eNOS,
endothelial nitric oxide synthase.
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Despite the small size of the sample of patients with DN,
the authors calculated the genotype and allele frequencies
and compared them with the control group. The frequency of
the eNOSa allele in the DN group was 36.5%, higher than
in the control group (20.7%) (P = 0.008). Furthermore,
the frequency of eNOSa carriers (eNOSaa + eNOSab) was
higher in diabetic patients (56.8%) than in controls (36.2%)
(P = 0.032). Multiple logistic regression analysis for
correcting the influence of age and sex revealed a
significant difference in the frequencies of eNOSa carriers
(eNOSaa + eNOSab) between DN and control groups
(P = 0.034, OR = 2.28; CI 95%: 0.05–0.83) (Table 3). In
contrast, there was no significant difference in the frequen-
cies of eNOS genotypes between DN and non-DN patients
(P = 0.6593).

When the genotype and allele frequencies of hyperten-
sive patients (9.3%) and controls (5.3%) were compared, no
significant difference was found (P = 0.237).

Comparing the distribution of the eNOS intron 4 geno-
type in our controls with the data reported previously for
other study populations (Table 4), it is clear that the a variant
genotype is associated with ethnicity. c2-analysis showed a
significant difference in the genotype distribution between
our Brazilian group and data reported for Polish (P = 0.025)
and Japanese (P < 0.001) populations. It is interesting to
note that there was also a significant difference in genotype
distribution between our multiethnic control group and Bra-
zilian blacks (P = 0.032),16 however, there was no significant
differences among our control group and Brazilian whites,
African Americans and Caucasian Americans.

DISCUSSION

Chronic renal diseases are highly variable, even among indi-
viduals with the same underlying cause of renal injury or
degree of functional impairment. Interindividual variability
is a typical phenomenon of complex diseases and reflects the
multifactorial nature of the biologic mechanisms involved
in the underlying disease process.17–20

Genetic factors may contribute to endothelial dysfunc-
tion that is present in several pathologies including renal
diseases.19 A polymorphism of the 27-bp repeat in intron 4
of the eNOS gene was reported to have a correlation with
terminal renal failure in several populations.8,10,12–15,20

In the present study, the authors analysed the distribu-
tion of genetic variants of the eNOS intron 4 polymorphism
in a multiethnic Brazilian group of 114 patients and 94
healthy controls. The frequency of the a allele in eNOS
intron 4 and eNOS 4a allele carriers was significantly higher
in patients than in controls (P = 0.004, OR: 2.26, 95% CI:
1.29–3.96), indicating that the eNOS 4a allele may be one
of the risk factors for ESRD in Brazilian patients.

Our data are consistent with the results reported previ-
ously in the literature for different populations. Buraczynska
et al.10 studied the distribution of eNOS intron 4 in 706
patients and 321 controls from Poland. The frequencies of
genotypes NOSaa, NOSab and NOSbb in patients (46%,
35% and 58.5%, respectively) and controls (1%, 25% and
74%, respectively) were statistically different. Wang et al.13

and Nagase et al.8 studied the distribution of eNOS intron 4
in Japanese haemodialysis patients. Both authors found a

Table 1 Clinical characteristics of studied subjects

ESRD patients Controls P

Age (years) 53.8 1 13.7 52.7 1 14.9 0.575†
Sex (M/F) 66/48 52/42 0.709‡
Serum creatinine (mg/dL) 6.30 1 4.2 0.96 1 0.17 <0.001
Urea (mg/dL) 106.94 1 39.9 26.5 1 6.95 <0.001
Glucose 137 1 64.7 Not applicable
Cholesterol 202 1 59.7 Not applicable
Hypertension (%) 37.7 0
Diabetes (%) 32.5 0

Data are expressed as mean 1 SD, except where percents are shown. †Student’s t-test. ‡Chi-squared test. ESRD, end-stage renal disease; F, female;
M, male.

Fig. 2 Analysis of the variable number of tandem repeats poly-
morphism in intron 4 of the eNOS (endothelial nitric oxide
synthase) gene. The 420-bp band indicates five 27-bp repeats,
and the 393-bp band indicates four 27-bp repeats: lane 1, size of
the molecular marker: 100 pb; lane 2, wild type (4aa); lane 3,
four repeats homozygote (4bb); lane 4, four and five repeats
heterozygote (4a/b).
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significantly higher frequency of the eNOSa allele in the
ESRD patients. A strong association between the eNOS
gene intron 4 polymorphism and plasma levels of nitric
oxide derivatives (NOx) was found by Tsukada et al.21 The
mean plasma NOx levels of subjects who were homozygous
for allele a were 20% lower than those of subjects with allele
b. Reduced production of NO may contribute to progression
of glomerular damage via systemic or intraglomerular
hypertension.10

In our study, the frequency of eNOSa allele carrier geno-
types (eNOS4aa and eNOS4ab) was higher in diabetic
patients than in healthy controls (P = 0.032). Multiple
logistic regression analysis revealed that the carrier geno-
types were significantly correlated to the development of
chronic renal failure (P = 0.034, OR: 2.28, 95% CI: 1.04–
5.00). An association between the eNOSa allele and diabe-
tes has already been observed in other populations, but the
mechanism responsible for this association is so far not

Table 2 Distribution of eNOS intron 4 polymorphism in cases and controls, and multiple logistic regression analysis

Category
ESRD patients

n (%)
Controls

n (%) P-value OR (95% CI)†

Aa 14 (12.2) 5 (5.3) 0.016 2.07 (1.14–3.74)
Ab 50 (43.9) 29 (30.9)
Bb 50 (43.9) 60 (63.8)
Alleles

A 78 (34.2) 39 (20.7)
B 150 (65.8) 149 (79.3)

A allele carriers (aa + ab) 64 (56) 34 (36.2) 0.004 2.26 (1.29; 3.96)
Non-carriers (bb) 50 (43.8) 60 (63.8)

†Odds ratios were adjusted for age and sex. eNOS, endothelial nitric oxide synthase; ESRD, end-stage renal disease.

Table 3 Distribution of eNOS intron 4 polymorphism in diabetic nephropathy (DN) patients and controls, and multiple logistic
regression analysis

Category
DN patients

n (%)
Controls

n (%) P-value OR (95% CI)†

Aa 6 (16.2) 5 (5.3)
Ab 15 (40.5) 29 (30.9)
Bb 16 (43.3) 60 (63.8)
Alleles
A 27 (36.5) 39 (20.7)
B 47 (63.5) 149 (79.3)
Alleles
A allele carriers (aa + ab) 21 (56.8) 34 (36.2) 0.034 2.28 (1.04; 5.00)
Non-carriers (bb) 16 (43.2) 60 (63.8)

†Odds ratios were adjusted for age and sex.

Table 4 Distribution of genotypes and frequency of allele a in different healthy populations

Population

Genotypes

Allele a P-value† Reference
a/a

n (%)
a/b

n (%)
b/b

n (%)

Brazilian (n = 94) 5 (5.3) 29 (30.9) 60 (63.8) 0.207 This study
Brazilian blacks (n = 134) 17 (27) 53 (48.7) 64 (24.3) 0.320 0.032 Marroni et al.16

Brazilian Whites
(n = 154)

4 (2.6) 42 (27.3) 108 (70.1) 0.179 0.408 Marroni et al.16

African American (89) 6 (6) 38 (38%) 45 (45) 0.265 0.191 Tanus-Santos et al.17

Caucasian American
(n = 100)

1 (1) 30 (30) 69 (69) 0.160 0.209 Tanus-Santos et al.17

Polish (n = 321) 4 (1) 81 (25) 236 (74) 0.140 0.025 Buaczynska et al.10

Japanese (n = 248) 0 (0.0) 47 (19.0) 201 (81.0) 0.095 <0.001 Nagase et al.8

†P-value obtained by chi-squared test.
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known.10,12,22,23 In fact, an abnormal renal vasomotor tone is
present in the early stage of diabetes mellitus. In their case–
control and family-based studies, Zanchi et al.12 have dem-
onstrated clearly that DNA sequence differences in eNOS
have an influence on the risk of advanced nephropathy in
type 1 diabetes. These authors hypothesized two molecular
mechanisms to explain the correlation between the eNOS
intron 4 polymorphism and DN. The first one assumes that
the eNOSa and eNOSb alleles themselves play a role in
tissue-specific regulation of eNOS expression. The intron
structure may have a function in splicing and consequently
in the maturation of the RNA. The second possible expla-
nation would be a lack of biological function of the eNOSa
allele. Asakimori et al.24 studied the frequency of eNOS
intron 4 polymorphism in non-diabetic and DN patients
undergoing haemodialysis. They found a significantly higher
frequency of intron 4 allele a in both non-diabetic and
diabetic patients.

The authors compared the genotype distribution of
eNOS variants in our control group with those of control
groups reported in previous publications (Table 4). The
authors found a marked difference in the frequency of
eNOSa among our multiethnic group and the Polish, the
Japanese and also the group of Brazilian blacks studied by
Marroni et al.16

In conclusion, this study shows that the eNOSa allele
frequency is significantly higher in ESRD patients than in
controls. This result suggests that the eNOS gene polymor-
phism may be used as a genetic marker to evaluate the
susceptibility to chronic renal failure, even in multiethnic
populations. The participation of other genes, as well as of
environmental factors, must, however, be considered in the
progression of renal diseases.
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