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Aims

 

Polymorphisms of the 

 

NOSIII

 

 gene and of the 

 

CYBA

 

 gene have been associated with
a number of pathological conditions such as arterial hypertension, coronary artery
disease, and myocardial infarction. Because endothelium-dependent vasodilation is
impaired in these disorders, we hypothesized that polymorphisms of 

 

NOSIII

 

 or 

 

CYBA

 

might modulate endothelial function of venous capacitance vessels already before
cardiovascular disease becomes overt.

 

Methods

 

Endothelium-dependent and -independent venodilation was assessed by measuring
local vascular responses to bradykinin and sodium nitroprusside in the dorsal hand
vein after preconstriction with phenylephrine in 72 healthy male Caucasians after
careful exclusion of cardiovascular risk factors. Genotyping was per formed for poly-
morphisms of the 

 

NOSIII

 

 gene (T-786C, G894T, (CA)

 

n

 

) and the 

 

CYBA

 

 gene (C242T).

 

Results

 

Genotype distribution for each polymorphism followed the Hardy–Weinberg equilib-
rium. In all studied single nucleotide polymorphisms no significant difference between
the respective genotypes and the venodilator response to either sodium nitroprusside
or bradykinin was observed, and the number of CA repeat copies was not related to
the venodilator response to bradykinin. Mean venodilation induced by bradykinin
50 ng min

 

-

 

1

 

 (

 

±

 

SEM) for homozygote carriers of the single nucleotide polymorphisms
was 48.9 

 

±

 

 8.5% venodilation (G894T; wild type: 49.8 

 

±

 

 6.9), 50.3 

 

±

 

 11.0% veno-
dilation (T-786C; wild type: 42.6 

 

±

 

 5.2), and 30.4 

 

±

 

 9.1% venodilation (C242T; wild
type: 49.2 

 

±

 

 6.0), respectively.

 

Conclusions

 

This study suggests that the studied polymorphisms of 

 

NOSIII

 

 and 

 

CYBA

 

 do not
significantly modulate endothelium-dependent venodilation in individuals without
vascular risk factors.
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Introduction

 

Nitric oxide (NO) released from vascular endothelial
cells is a multifunctional antiproliferative molecule that
modulates vessel tone, inhibits platelet aggregation, and
prevents the adhesion of platelets and leucocytes to the
vessel wall [1]. Genetic polymorphisms of enzymes
involved in NO metabolism are supposed to modulate
oxidative stress and have been associated with the indi-
vidual risk of cardiovascular diseases [2].

The responsible enzyme for the generation of NO in
the vasculature is constitutive endothelial NO synthase
(NOSIII), which is encoded by a gene containing several
polymorphic sites [3, 4]. For the point mutation G894T,
resulting in the replacement of glutamate by aspartate at
codon 298 in exon 7, associations with pathological
conditions such as coronary vasospasm, essential hyper-
tension, coronary artery disease, and myocardial
infarction have been reported [5–8]. For the point muta-
tion T-786C in the 5

 

¢

 

 flanking region and for the (CA)

 

n

 

polymorphism, consisting of variations in the CA repeat
copy number in intron 13 of 

 

NOSIII

 

 [4], the clinical
relevance is less well investigated and the results of the
few published studies are conflicting [9–12].

The metabolic fate of NO and thus its duration of
action in the tissue is modulated by various metabolic
pathways with reactive oxygen species (e.g. superoxide
anion) being a major cause for accelerated degradation
[13]. A significant source of superoxide anion in the
vascular wall is the NAD(P)H oxidase system [14], of
which p22phox is an important component [15]. A sin-
gle nucleotide polymorphism (C242T) in the 

 

CYBA

 

gene, encoding p22phox, reduces vascular NAD(P)H
oxidase activity 

 

in vitro

 

 and might thus restrict local
superoxide anion formation [15]. Hence, the C242T
polymorphism might prevent generation of reactive
oxygen species and diseases associated with oxidative
stress such as atherosclerosis [2]. To date studies about
the clinical importance of this polymorphism are sparse
and contradictory [16–19] and no information about its
effects on NO-mediated endothelial function 

 

in vivo

 

 is
available.

Studies analyzing the consequences of 

 

NOSIII

 

 (T-
786C and (CA)

 

n

 

) and 

 

CYBA

 

 (C242T) polymorphisms on
vascular function are lacking. Vascular function has
been directly assessed only for one polymorphism
(G894T polymorphism). In a study in patients with
expected endothelial dysfunction due to arterial hyper-
tension or hypercholesterolaemia a relevant effect on
endothelium-dependent vasodilation was not found
[20]. In another study on the G894T polymorphism in
healthy volunteers [21] acetylcholine-induced relax-
ation in hand veins and in forearm resistance arteries

was preserved, whereas endogenous NO production as
measured by urinary NO

 

x

 

 excretion was impaired. Nei-
ther of these studies attempted to exclude the potential
contribution of other endothelial vasodilators released
in response to acetylcholine, e.g. by administering
effective doses of acetylsalicylic acid. At present, the
pathogenetic links between the 

 

NOSIII

 

 and 

 

CYBA

 

 poly-
morphisms and cardiovascular diseases are still unclear.

We hypothesized that different polymorphisms of

 

NOSIII

 

 and 

 

CYBA

 

 might act in concert and modulate
endothelial function of venous capacitance vessels
before cardiovascular disease becomes overt. We thus
assessed endothelial and endothelium-independent
responses in well characterized healthy male individuals
without clinical signs of cardiovascular disease or vas-
cular risk factors.

 

Methods

 

Participants

 

This was a prospective study in 72 healthy male non-
smoking Caucasians, mainly students from the Heidel-
berg area. After approval of the study by the
responsible Ethics Committee of the Medical Faculty
of the University of Heidelberg the study was con-
ducted in accordance with the Declaration of Helsinki
and its subsequent amendments. The individuals were
enrolled after giving written informed consent if they
met all of the following inclusion criteria: normal phys-
ical examination, normal ECG, normal urinalysis and
routine laboratory investigations including cardiovascu-
lar risk factors (serum lipids, glucose, homocysteine).
Exclusion criteria were: a history of allergies, known
conditions causing endothelial dysfunction such as
diabetes, hyperlipidaemia, arterial hypertension, and
hyperhomocysteinaemia, regular medication and/or
treatment with drugs within the last 6 weeks, acute or
chronic illness, smoking in the 12 months preceding
the study, and drug and/or alcohol abuse. Investigators
and participants were blinded for the genotypes of the
volunteers.

 

Genotyping

 

All participants were genotyped for polymorphisms in
the 

 

NOSIII

 

 (G894T, T-786C and CA-repeat) and the

 

CYBA

 

 (C242T) gene. Genomic DNA was isolated from
white blood cells using either QIAamp

 

®

 

 DNA Blood
Mini Kit (Qiagen, Hilden, Germany) or NucleoSpin

 

®

 

Blood Quick Pure Kit (Macherey-Nagel, Düren, Ger-
many) according to the manufacturer’s instructions.

The 

 

NOSIII

 

 (G894T) and the 

 

CYBA

 

 (C242T) poly-
morphism were determined using the hybridization
probes format on the LightCycler™ (Roche Applied
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Science, Mannheim, Germany) as recently developed in
our group [22].

The 

 

NOSIII

 

 (T-786C) polymorphism was determined
using a newly developed PCR-RFLP analysis [23]. PCR
was performed in the LightCycler

 

TM

 

 (Roche Applied
Science, Mannheim, Germany) in a total volume of
20 

 

m

 

l using the LightCycler-FastStart DNA Master
SYBR Green I Kit (Roche Applied Science, Mannheim,
Germany) and the primers 5

 

¢

 

-GGTGTACCCCACC
TGCATTCT-3

 

¢

 

 (sense) and 5

 

¢

 

-CACCCCCACCCTGT
CATTC-3

 

¢

 

 (antisense), which were designed and syn-
thesized by TIB MOLBIOL, Berlin, Germany. The
reaction mixture contained 0.4 m

 

M

 

 of each primer,
3 m

 

M

 

 MgCl

 

2

 

, and about 50 ng of genomic DNA. For
removing the heat-labile blocking groups of the Fast-
Start Taq DNA polymerase, the samples were preincu-
bated at 95 

 

∞

 

C for 10 min, thus activating the enzyme.
Amplification was performed using 40 cycles of dena-
turation (95 

 

∞

 

C for 4 s), annealing (65 

 

∞

 

C for 8 s), and
extension (72 

 

∞

 

C for 10 s) with temperature transition
rates of 20 

 

∞

 

C s

 

-

 

1

 

. To monitor amplification, fluores-
cence was measured at the end of each elongation
period. The163 bp PCR product was purified with the
QIAquick

 

®

 

 PCR Purification Kit (Qiagen, Hilden, Ger-
many) and digested with the restriction enzyme 

 

Pdi

 

I
(MBI Fermentas, St Leon-Rot, Germany). 

 

Pdi

 

I recog-
nizes the mutant allele (C at position 

 

-

 

786) and cleaves
the 163 bp product in two fragments of 81 and 82 bp.
The products of the digestion were size-separated by
agarose gel electrophoresis (2%, stained with Gel-
Star

 

TM

 

). The PCR product of an individual carrying two
wild type alleles (TT) digested with 

 

Pdi

 

I revealed no
fragments, whereas digestion of an individual homozy-
gote for the C allele resulted in two fragments (which
appear as one band on the agarose gel, due to their
similar size). Digestion of the PCR product of a het-
erozygote person (TC) resulted in three fragments (163,
81 and 82 bp, visible as two bands on the gel) (Figure
1). The genotyping of each individual was repeated
twice to verify the result.

The 

 

NOSIII

 

 intron 13 CA dinucleotide repeat was
determined by PCR following the protocol of Nadaud

 

et al.

 

 [4] with the following modifications. The follow-
ing oligonucleotides were synthesized by GeneScan
(Freiburg, Germany), and used for the amplification:
forward 5

 

¢

 

-Cy*5-TGAGGAGAGACTCAGAATTGGA-
3

 

¢

 

 and reverse 5

 

¢

 

-GCTTGTGTGGGGTTTCAGGCT-3

 

¢

 

.
The 25 

 

m

 

l reaction mixture contained 50 ng genomic
DNA, 10 pmol of each primer, 0.24 m

 

M

 

 dNTP, 1.5 m

 

M

 

MgCl

 

2

 

, 0.5 U Taq polymerase (Invitek, Berlin, Ger-
many), 16 m

 

M

 

 ammoniumsulphate, 50 m

 

M

 

 Tris-HCl
pH 8.8, and 0.01% Tween 20. Amplification consisted

of an initial denaturation step of 5 min at 95 

 

∞

 

C, fol-
lowed by 35 cycles of 1 min at 95 

 

∞

 

C, 1 min at 58 

 

∞

 

C,
1 min at 72 

 

∞

 

C, and finished with a final extension step
at 72 

 

∞

 

C for 10 min. The amplification products were
analyzed on an ALFexpress sequencer (Amersham
Pharmacia, Freiburg, Germany) by a 6% denaturating
polyacrylamide gel.

 

Assessment of endothelium-dependent and -independent 
venodilator responses

 

The participants were allowed to have a light breakfast
until 2 h prior to the investigation. They abstained from
alcohol for 24 h and from methylxanthine-containing
beverages for at least 12 h before the measurements
were made. Endothelium-dependent and -independent
venodilator responses were investigated in a quiet room
maintained at a constant temperature between 23

 

∞

 

 and
25 

 

∞

 

C using the dorsal hand vein compliance technique
according to Aellig [24] with modifications as described
previously [25–27]. Hand vein compliance measure-
ments always started in the morning and the participants
were asked to remain in a semirecumbent position
throughout the study.

In brief, the hand under investigation was placed on
a vacuum pillow (Germa

 

®

 

, Sweden) sloping upwards
at an angle of 30

 

∞

 

 from the horizontal. All vasoactive
compounds were administered through a butterfly nee-
dle at a constant flow rate (0.25 ml min-1) into the
investigated vein with the help of a syringe infusion
pump (Pilote C, Fresenius®, Brezins, France). Changes
of the diameter of the vein were recorded using a lin-
ear variable differential transformer (Schaevitz®, Type
100 MHR, Pennsauken, NJ, USA) with a freely mov-

Figure 1
T-786C polymorphism of the NOSIII gene detected by PdiI restriction 

digestion of the 163 bp PCR product: Lane 1: molecular size marker 

pUC19/MspI; lane 2: no template control; lanes 3 +8 + 9: restriction 

pattern corresponding to homozygosity for the T-allele; lanes 4 +6: 

restriction pattern corresponding to homozygosity for the C-allele; lanes 5 

+7: restriction pattern corresponding to heterozygosity

1     2      3      4      5      6       7      8      9

163 bp

81/82 bp
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able core (weight 0.5 g) resting over the centre of the
vein under investigation. Transformer signals were
amplified by a Schaevitz® CAS series signal condi-
tioner and the output was recorded on a strip-chart
recorder (LKB 2210 recorder, LKB Produkter AB®,
Bromma, Sweden) at a paper speed of 0.5 cm min-1.
The difference between the position of the core before
and during inflation of a sphygmomanometer cuff on
the same arm to 40 mmHg gave a measure of the
diameter changes under a given congestion pressure.
Peak heights on the strip-chart recorder were linearly
proportional to the movement of the core and were
measured manually.

Design and materials
Half an hour before an investigation a single intrave-
nous dose of 500 mg acetylsalicylic acid (Aspisol®,
Bayer, Leverkusen, Germany) was administered into a
cubital vein of the opposite arm to minimize modula-
tory vascular effects of prostaglandins released from the
endothelium. After establishing a stable first baseline
with normal saline (NaCl 0.9%, Braun, Melsungen,
Germany), defined as 100% relaxation, increasing doses
of the a1-adrenoceptor agonist phenylephrine (Neo-
Synephrine®, Abbott Laboratories, North Chicago,
USA; dosages: 1.25–8000 ng min-1) were infused to
constrict the vein by about 80% (defined as 0% relax-
ation). Then while continuing the administration of the
venoconstrictor increasing dose-rates of sodium nitro-
prusside (Nipruss®, Schwarz Pharma, Monheim, Ger-
many; dosages: 0.02–2000 ng min-1) were co-infused to
construct a complete cumulative dose–response curve
to the endothelium-independent vasodilator. After a
wash-out phase of sufficient length to allow the vein to
return to a stable preconstriction (at least 40 min) the
endothelium-dependent venodilator bradykinin (Cli-
nalfa, Läufelfingen, Switzerland) was co-administered
with phenylephrine. To prevent the occurrence of toler-
ance only three cumulative dose-rates of bradykinin
(1, 50, 250 ng min-1) were used [28]. Bradykinin was
dissolved in gelatine-polysuccinate (Gelafundin 4%,
Braun, Melsungen, Germany) to avoid it adhering to
infusion lines and adapters. Gelatine-polysuccinate is
not known to have any vasoactive effect. Each dose-rate
was administered for at least 5 min (phenylephrine:
6 min, sodium nitroprusside: 5 min, bradykinin: 6 min)
to allow sufficient time to equilibrate. Dose-rates
administered were intended not to result in any sys-
temic effects which were monitored by repeated
measurements of heart rate and blood pressure. Veno-
constriction was expressed as the percentage reduction
in vein diameter from baseline maximum dilation in the

absence of vasoactive compounds (set as 100%). Veno-
dilation was expressed as percentage reversal of
phenylephrine-induced constriction which was set to
0% [24].

Data analysis and statistical evaluation
Data are expressed as mean values ± SEM, unless oth-
erwise stated. The distribution of genotypes for each
polymorphism was assessed for deviation from the
Hardy–Weinberg equilibrium by chi square testing.
Individual dose–response curves to sodium nitroprus-
side were fitted to a four-parameter logistic equation
[29] by means of a computerized nonlinear least-squares
regression program (Allfit, version 2.7, Laboratory of
Theoretical and Physical Biology, National Institutes of
Health, Bethesda, USA). This iterative curve-fitting pro-
gram provides estimates of the maximum effect (Emax)
and of the dose-rate producing a half-maximal response
(ED50). ED50 values were log transformed and the geo-
metric mean was calculated as the antilog of the mean
of log values.

Analysis of variance (ANOVA) was used to compare
the results for log ED50 and Emax of sodium nitroprus-
side for the different genotypes of G894T, T 786C,
and C242T. Repeated measures ANOVA was per-
formed to assess differences between these genotypes
regarding endothelium-dependent venodilation with
bradykinin. Similar analyses were performed for
assessing the influence of the CA repeat polymor-
phism of NOSIII on endothelium-independent (sodium
nitroprusside) and endothelium-dependent (bradyki-
nin) venodilation, using a cut-off value of 34 CA
repeats for creation of two groups of participants.
This cut-off level was previously shown to be associ-
ated with coronary artery disease [12] and was there-
fore selected for dichotomization. The influence of the
number of CA repeats on venodilator responses was
analysed using univariate regression analysis. Multi-
variate regression analyses were performed to analyse
the influence of selected factors on venodilator
responses. A P value of less than 0.05 was considered
significant.

Power calculations were performed (nQuery Advisor
4.0: three groups, one-way ANOVA, unequal group size)
based on sample sizes as for G894T, i.e. 29-28-15 per
group and for C242T, i.e. 32-31-9 per group, assuming
a common standard deviation of 20% venodilation.
Potential absolute differences to be detected at the 5%
level with a power of 80% were 10% venodilation for
the G894T genotypes and 11% venodilation for the
C242T genotypes.
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Results
Demographic characteristics
Table 1 shows the frequencies of genotypes in the par-
ticipants. All genotype distributions followed the
Hardy–Weinberg equilibrium and allele frequencies
were similar to those reported in previous European and
Australian studies [12, 17, 30].

The clinical characteristics of the total study popula-
tion were as follows: age 27 ± 1 years; body weight
75 ± 1 kg; height 181 ± 1 cm; body mass index
22.8 ± 0.2 kg m-2, cholesterol 168 ± 3 mg dl-1, HDL
cholesterol 50 ± 1 mg dl-1, LDL cholesterol 105 ±
4 mg dl-1, homocysteine 9.5 ± 0.3 mmol l-1, resting sys-
tolic blood pressure 124 ± 1 mmHg, resting diastolic
blood pressure 75 ± 1 mmHg. Clinical characteristics
were similar across the genotypes.

Local infusion of phenylephrine, sodium nitroprus-
side or bradykinin into dorsal hand veins had no local
or systemic adverse effects. There was no significant
difference between groups in absolute hand-vein diam-
eter or in the dose of phenylephrine necessary to pro-
duce 80% constriction of the hand vein. Mean
venoconstriction with phenylephrine before sodium
nitroprusside infusions and before bradykinin infusions
was not significantly different (data not shown).

Impact of G894T and T-786C polymorphism in the NOSIII 
gene on venous response
There was no significant difference between the three
genotypes of G894T (GG, GT, TT) or T-786C (TT, TC,
CC) with respect to the effect of sodium nitroprusside
(Table 2) or bradykinin (P = 0.44 (G894T); P = 0.51 (T-
786C); Figure 2).

Impact of (CA)n polymorphism in the NOSIII gene on 
venous response
Eighteen different alleles were identified containing 21–
43 CA-repeats (mean (CAn = 32). The venodilator
response to bradykinin and the CA repeat copy number
were not correlated (Figure 3; similar results were found
for bradykinin 1 and 250 ng min-1). The presence of at
least one allele with ≥34 CA repeats was not associated
with an altered sodium nitroprusside or bradykinin
response (P = 0.07).

Impact of C242T polymorphism in the CYBA gene on 
venous response
There was no significant difference between the three
genotypes (CC, CT, TT) with respect to the sodium
nitroprusside (Table 2) or bradykinin venodilator
responses (P = 0.78; Figure 2), although there was a
tendency towards reduced bradykinin-induced venodila-
tion in the individuals being homozygote carriers of the
mutant T-allele.

Relationship between venous responses to bradykinin and 
serum concentrations of cholesterol
Selected clinical parameters (total cholesterol, HDL,
LDL, homocysteine, glucose) were tested by univariate
regression analysis. None of the parameters was signif-
icantly correlated with the venous response to any of the
bradykinin doses (P = NS).

Table 1
Genotype frequencies in 72 healthy male individuals 
without cardiovascular risk factors

Genotype n Frequency

NOSIII G894T GG 29 0.40
GT 28 0.39
TT 15 0.21

NOSIII T-786C TT 27 0.38
TC 32 0.44
CC 13 0.18

CYBA C242T CC 32 0.44
CT 31 0.43
TT 9 0.13

n = number of individuals with respective genotype.

Table 2
Sodium nitroprusside-induced relaxation of dorsal hand 
veins during preconstriction with phenylephrine shown for 
individual genotypes

Genotype Emax (%) ED50 (ng min-1)

NOSIII G894T GG 102 ± 4 20 ± 6
GT 113 ± 8 40 ± 11
TT 99 ± 4 18 ± 5

P value* 0.21 0.65
NOSIII T-786C TT 108 ± 8 25 ± 7

TC 103 ± 4 26 ± 9
CC 107 ± 7 36 ± 13

P value* 0.77 0.51
NOSIII (CA)n n < 34 110 ± 6 22 ± 6

n ≥ 34 100 ± 3 34 ± 10
P value* 0.14 0.97

CYBA C242T CC 108 ± 6 25 ± 7
CT 106 ± 5 29 ± 8
TT 97 ± 8 31 ± 20

P value* 0.65 0.87

*Overall comparison (ANOVA).
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Discussion
We hypothesized that the observed associations between
polymorphisms of the NOSIII gene or CYBA gene and
various cardiovascular disorders might be explained on
the basis of altered endothelium-dependent vasodilation
even before cardiovascular disease becomes overt. How-
ever, our data do not support a relevant effect of the
C242T polymorphism of the CYBA gene nor of the
studied NOSIII polymorphisms on endothelium-
dependent venodilation in healthy individuals.

NOSIII is the key enzyme for production of nitric
oxide and consequently plays an essential role in
endothelium-dependent vasodilation. Local intravenous
administration of bradykinin and assessment of dorsal
hand vein compliance is a suitable method to determine
nitric oxide-mediated responses [26, 31]: bradykinin
promotes venodilation mainly via activation of NO syn-
thase through endothelial receptors [32], and in contrast
to other NO-releasing compounds like acetylcholine
[33] its response in veins is not biphasic. However,
bradykinin also acts to a lesser extent through prostag-
landins [26, 28]. In order to minimize the well-known
contribution of cyclooxygenase products to venous
bradykinin effects all measurements in this study have
been made during inhibition of prostaglandin synthetase
with a systemically effective dose of acetylsalicylic
acid. Therefore potential differences between venodila-
tor responses to bradykinin will preferentially reflect
deficits at the level of NO production in the endothe-
lium. It may, however, not have blocked all NO-

Figure 2
Response of dorsal hand veins of 72 healthy males to bradykinin (1, 50, 

and 250 ng min-1) during preconstriction with phenylephrine with regard 

to the NOSIII G894T (a) GG (G894T wild type) (�), GT (�), TT (�); 

and T-786C (b) TT (T-786C wild type) (�), TC (�), CC (�); genotypes 

and the CYBA C242T genotype (c) CC (242T wild type) (�), CT (�), TT 
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independent venodilator pathways potentially activated
by bradykinin in the human vasculature. However, while
bradykinin-induced endothelium-derived hyperpolar-
ization is well documented in human resistance arteries
[34] the available evidence in human hand veins sug-
gests that additional pathways do not significantly con-
tribute to bradykinin-induced venodilation [26, 35]. Our
study (n = 72) had a power of 80% to detect a difference
of 11% venodilation between the genotypes at a 5%
level and thus our study population appeared to be large
enough to detect a clinically relevant effect of the stud-
ied polymorphisms on endothelium-dependent vasodi-
lation, if biologically present.

The absence of an effect of the G894T polymorphism
on nitric oxide-mediated vasodilation in vivo is in accor-
dance with findings of two recent smaller studies, where
no association of NOSIII allele status with the variability
in the acetylcholine response of the hand vein was
observed [21, 36]. Epidemiological studies examining
the association of the G894T polymorphism with clini-
cal outcome have been conflicting. Whereas some
studies did not find an association of the G894T poly-
morphism with coronary artery disease [30] or hyper-
tension [37], several studies observed a significant
association with the risk of coronary artery disease [7]
or hypertension [6]. Despite these clinical associations
there was no effect on nitric oxide-mediated vascular
responses in our study. This inconsistency may be
explained by the fact that differences in nitric oxide
production between genotypes do not result in relevant
differences in vascular response in healthy individuals,
but may do so under conditions of endothelial dysfunc-
tion. This concept of a gene–environmental interaction
was recently confirmed in a study investigating flow-
mediated brachial artery dilation [38]. No influence of
the NOSIII G894T polymorphism on endothelial func-
tion was observed in the whole group of young adults.
However, carriage of the T-allele increased the likeli-
hood of a smoking-associated impairment of endothelial
function and also the positive vascular effect of
increased circulating n-3 fatty acid concentrations.

Studies on the possible implication of the T-786C
polymorphism in the predisposition to cardiovascular
disease suggested that ethnic differences may be
present. In Caucasians, the T-786C polymorphism is not
associated with coronary artery disease [30] or myocar-
dial infarction [11], whereas in Japanese populations the
mutant C-allele is associated with coronary spasm [9]
and myocardial infarction [10]. Interestingly, the T-
786C polymorphism had no effect on the cerebrovascu-
lar circulation in healthy Japanese individuals, but in
smokers, a group known to have endothelial dysfunc-

tion, CC homozygotes showed a significant decrease of
cerebral blood flow and a significant increase in cere-
brovascular resistance [39]. This finding again suggests
that NOSIII polymorphisms may only become an impor-
tant contributor to vascular function in the presence of
cardiovascular risk factors.

In a recent matched case-control study investigating
the (CA)n polymorphism of the NOSIII gene the pres-
ence of at least one allele containing ≥34 CA-repeats
was associated with an excess risk of coronary artery
disease [12]. In contrast to these data no correlation
between the CA repeat copy number and the venodilator
response to bradykinin was detectable in our population.
Besides the smaller number of participants our results
might be related to the fact that we included only healthy
individuals without any cardiovascular risk factors,
whereas in the patients included into the case-control
study a broad spectrum of diseases, cardiovascular risk
factors, and medications was present.

The association of the CYBA C242T polymorphism
with atherosclerosis has been studied previously, and the
results have been conflicting as well. It had been antic-
ipated that a substitution in the heme-binding site of the
p22phox protein leads to a loss of oxidase function and,
thus, reduced production of reactive oxygen species and
oxidative stress in the vasculature [2]. In line with this
hypothesis, Inoue et al. [16] found that the mutant T-
allele conferred protection against atherosclerosis in a
Japanese population. However, all other studies either
did not find any association of the C242T polymorphism
with coronary artery disease [17], or even showed the
opposite effect, that the T-allele is significantly associ-
ated with progression of atherosclerosis [19] and cere-
brovascular disease [18]. Our data, which are the first
directly assessing the impact of the C242T polymor-
phism on vascular function in vivo, do not support the
hypothesis that the mutant T-allele is protective, because
the vascular response to bradykinin was, if altered at
all, rather impaired in participants homozygote for the
T-allele.

One important limitation of this study is the fact that
an abbreviated dose–response curve was constructed to
avoid the occurrence of tolerance [28]. The doses were
selected on the basis of the dose–response-curves
assessed by Dachman et al. [28]. The fact that no dose
between 1 and 50 ng min-1 was studied may have meant
that small shifts in the bradykinin dose–response rela-
tionship may have been missed.

In conclusion, the studied polymorphisms of the
NOSIII and CYBA gene did not have a clinically re-
levant effect on endothelium-dependent venodilation in
healthy individuals. These polymorphisms may be asso-
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ciated with subclinically altered endothelial function,
which only becomes manifest in the presence of cardio-
vascular risk factors.

C. Hesse’s work was supported in part by a Hans-
Dengler-Forschungsstipendium.
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