Trade Science Ine.

ISSN : 0974 - 7532 Volume 5 Issue 4

Reseanch & Reviewsd cn

BioSciences

>, REGGWlOr Peper

RRBS, 5(4), 2011 [173-179)]

|s there a relationship between endothelial nitric oxide synthase

and erectile dysfunction in Egyptian males?

Olfat G.Shaker*, Ashraf H.Fayez, Ihab A.Osman

E-mail : olfatshaker @yahoo.com

Departmentsof M edical Biochemistry and Andrology & Sexology, Faculty of M edicine, Cairo Univerdty, Cairo, (EGYPT)

Received: 17" September, 2011 ; Accepted: 17" Octaber, 2011

ABSTRACT

We investigated the potential association between endothelial nitric oxide
synthase (eNOS) gene polymorphism and erectile dysfunction (ED). The
study was carried on 60 males with ED. All patients were subjected to
medical and sexual history takingincluding the international index of erec-
tile function (I1EF-5) questionnaire, general and genital examination and
combined injection and stimulation test (1Cl). Patients with a negative re-
sponse were eval uated through a penile dynamic duplex to clarify the etiol -
ogy of ED. eNOS genotype polymorphism was determined by restriction
fragment length polymorphism (RFLP). The mean age of patientswas 49.7
years and mean ED history duration was 3.45 years. The prevalence of
diabetes and hypertension were 51.7% and 16.7%, respectively. Themain
cause of ED in the studied cases was venoocclusive (43.3%), the least
common was the arteriogenic (20%). A psychogenic etiology was present
intheremaining 37.7% of patients. The most common eNOS genotype was
GG (46.7%), followed by GT (43.3%), then TT (10%). Therewassignificant
correlation between the grade of ED and eNOS genotype. eNOS gene poly-
morphism might contribute to the genetic susceptibility to ED. However,
thislink needsto be confirmed in larger studies.
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INTRODUCTION

Erectiledysfunction (ED), defined asthe cons stent
inability to achieve and maintain penile erection suffi-
cient for adequate sexud relation. ED affectsmorethan
150 million men worldwideand ispredicted to double
withinthenext 20 yearg.

Although ED may have apsychogenic etiology, re-
cent research proved that organic etiology isimplicated
in80% of ED cased?. ED and systemic vascular dis-

ease sharecommon risk factorsand endothelial dys-
function; thiscloseassociaionidentifiesED asamarker
for vascular diseases®®. Endotheliad cellsarethemain
sourceof nitricoxide (NO), whichwith cyclic guanosine
monophosphate (cGMP) representsthemainsignaing
cascade controlling penile erection™,

NO isproduced from L-arginine by nitric oxide
synthase (NOS)1%. Thereare 3 constitutiveisoforms
of NOS; neurona NOS (nNOS; NOS1), endothelial
NOS (eNOS; NOS3), and inducible NOS (iNOS;
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NOS2), each encoded by different genes. Both nNOS
and eNOS arecoupled to Ca2* and calmodulin playing
aprincipal rolein penileerection, whileiNOSisinde-
pendent of Ca?* and calmodulin™. Upon sexua stimu-
lation, NO synthesized by nNOSin cavernoushitrergic
nerveendingsinitiateserectiletumescenceviacavern-
ous smooth muscl e rel axation with subsequent expan-
sion of thesinusoidal spacesof corporacavernosaThis
crestesmechanica shear stress, whichinturn activates
eNOS in the cavernous endothelium to produce en-
dothelial-derived NO responsi blefor mai ntenance of
penileerection® 211, Any dterationin NO production
may lead to impaired corporal smooth musclerel ax-
ation and subsequent ED19,

Recent genetic research evidenced aclose asso-
ciaion of different SNPswithincreased risk of devel-
oping cardiovascular disorders, endangering the same
physologica pathwayscrucia for penilevasomotor tone
regulationl’¢%8, Severa polymorphismsof theeNOS
genehavebeenidentified, anongwhichisthe G894T
polymorphisminexon 7, which wasreported to cause
an amino acid substitution (Glu298Asp) of eNOS en-
zyme, resultingin disturbance of itsactivity, and corre-
latedwithincreased risk for essentia hypertension, coro-
nary artery diseases(CAD) and myocardia infarction®
19201 The association between eNOS G894T gene
polymorphism and ED was assessed in afew studies
with controversia resultg?-23,

Weinvestigated apotential association between
eNOSG8HAT gene polymorphism, ED andrelated risk
factorsin Egyptian men.

PATIENTSAND METHODS

Atotd of 60 ED patients (groupA) and 50 healthy
controls(group B) wereenrolledin our study. All sub-
jectswere Egyptian and had an active sexud lifewitha
regular sexual partner for more than 6 monthsbefore
enrolment. They weredl recruited from theAndrology
and Sexology outpatient clinic of Cairo University hos-
pitalsafter institutiona review board (IRB) approval.
All casessigned awritteninformed consent to partici-
patein the study, completed medica, surgical, and psy-
chosexual historiesand underwent detailed physical
examination. Patientswith ED were defined asthose
who subjectively had problems of being unable to

achieve or maintain asufficient erectionfor sexud in-
tercourse since at least 6 monthg?. All cases com-
pleted thevalidated Arabic trand ation of the Interna-
tional Index of Erectile Function (IIEF-5) question-
naird®l, Patientswith ED were diagnosed asthose hav-
ing an IIEF-5 scorelessthan 2112 281, Group A cases
(ED patients) were eval uated by combined injection
and stimulationtest (CIS) using anintra-cavernousin-
jection (ICI) of 20 ug prostaglandin E1 (PGE1). A posi-
tive erectileresponse was defined asthe achievement
of asufficient erectionfor vagina penetrationwhichis
maintained for at least 20 min. Patientswerethen evalu-
ated by color Doppler ultrasound (CDU) study usinga
7.5 MHzlinear array transducer with acol or flow map-
ping capability (Esaote Biomedical AUS3, Italy). Vas-
cular risk factorsfor ED werereviewed. Hypertension,
ischemic heart diseases (anginapectorisand/or previ-
ousmyocardia infarction) or diabetes mellitus (DM)
were defined as cardiovascular comorbidities. Exclu-
soncriteriafor groupA casesincluded diminished sexud
desire, hypogonadism, hyperprolactinemiaaswell as
ED dueto anatomical peniledeformities, spinal cord
injury, post-radical prostatectomy; or any substance
abusedisorders, aswell asmedical psychiatric histo-
rieswith or without medication. Regarding group B, 50
healthy males without ED or cardiovascular
comorbiditieswereincluded as control subjects.
Serum samplesfrom all caseswere separated for
biochemica andysisand endocrineprofiling (prolactin
and testosterone). Blood samples (3 ml) for the assay
of eNOS G894T allelestatuswere collected in EDTA
and immediately stored at -80°C. Then, DNA wasex-
tracted from periphera wholeblood usingthe QIAMP
DNA Extraction Kit (Qiagen, Valencia, California).
The concentration of the extracted DNA was deter-
mined by using spectrophotometer at wavelength 260
nm. Gene amplificationwas performed by polymerase
chainreaction (PCR). Two specific setsof primerswere
used. Thesequenceof primersused for amplification
of eNOSexon 7 was5'-GACCCTGGAGATGAAG
GCAGGAGA (G8AT forward) and 5-ACCACCAG
GATGTTGTAGCGG-TGA (G894T reverse), asde-
scribed in previous studies? 23, The PCR mixture (to-
tal volume50 ul) was formed of 5 ul of 10X reaction
buffer with MgCl,, (Amersham Pharmacia Biotech,
Piscataway, NJ, USA), 50 pmol of each primer (for-
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ward and reverse), 100 umol each of dNTPs (Perkin-
Elmer Corporation, Foster City, CA, USA), 2 units
Tag DNA polymerase (Amersham Pharmacia
Biotech, Piscataway, NJ, USA) and 100 ng genomic
DNA template. Thecycling conditionwasdenaturation
at 95°C for 5 min, followed by 35 cycles under the
following conditions: denaturation at 95°C for 1 min,
annedling at 60°C for 1 min, and extension at 72°C for
1 min, thenfinal extension cycleof 72°C for 7 min. The
resulting 517bp amplification product wasincubated at
37°C for at least 20 h with 8 U of the restriction en-
zymeBan-11 (New England BiolabsInc.). Ban-I1 di-
gestion of amplified DNA derived fromindividua swho
arehomozygousfor the G alleleresulted in no cleav-
age. DNA from heterozygousindividua syielded 3frag-
ments of 517bp, 346bp and 171bp and individuals
homozygousfor the T aleleyielded 2 fragments of
346bp and 171bp, asshownin Figure 1.

1 2 3 4

451ty
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— 171y

Genotyping (33 GG GT T

Figurel: AnAgarosegel electrophoresisshowing eNOS
gene polymor phism, wherelLanes1 & 2 show homozygous
GG (517bp), Lane3 showsheter ozygousGT (517, 346 and
171bp), and L ane4 show homozygous T T (346 and 171bp)

genotypes.

Statistical analysiswas performed using the chi-
squaretest and theindependent t test. A 2-sided P <
0.05wasconsidered significant.

RESULTS

eNOS G894T genepolymorphism

The genotypic distribution of eNOS G894T gene
polymorphism among both groups, and according to
the presence or absence of cardiovascular co-morbidi-
ties in groups A cases and in ED patients with
vasculogenic etiology isdisplayedinTABLE 1. The
frequency distribution of the GG, GT, and TT geno-
typesdid not differ significantly between ED patients
and healthy controls, asthey represented 28 (47%),
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26 (43%), and 6 cases (10%) in groupA (ED patients),
whileitwas 19 (38%), 28 (56%), and 3 cases (6%) in
group B hedlthy controls, respectivel. However, 66.7
% of homozygous TT genotype cases(6/9) wereamong
ED group. The prevalence of homozygous TT geno-
typecarrierswasvery low (9 subjectsinthe study popu-
lation), representing 10% of ED patients (10%) and
6% of controls. Accordingly, we combined caseswith
homozygous TT and heterozygous GT dleestorepre-
senttheT dlelecariers.

TABLE 1: Distribution of eNOS Genotypesin Controls, ED
patients, and patientswith Vasculogenic ED

No GENOTYPE
NOS3 Genotype GG GT TT GT+TT
19 28
Contrals, n (%) 50 38)  (56) 3(6) 31(62)
All ED Patients, n 28 26 3
(%) (46.7) (43.3)
No Cardiovascul ar 60 11 11 6(10) (53.3)
e 25 3(12) 14(56)
Co-morbidities 44) (49
) 35 3(85 18
Cardiovascular Co- 17 15 (51.4)
morbidities (48.6) (42.9) '
ﬁ)zg‘z\)r]lc ED Patients, i 17 5 23
. 45 7 (37.8) (11.1) (48.9)
No Cardiovascular 7
s 15 6 (40) 2 8(533)
Co-morbidities 20 (46.7) 1 (133 14
Cardiovascular Co- 16 '

morbidities (533 (367 3(10) (46.7)

Themean age (SD) of healthy controlswas44.7
(2.8) compared with 49.7 years (9.7) in ED patients,
displaying asgnificant difference, whichwasmorepro-
nounced on comparing it tothemean age(SD) of 51.1
years(9.2) in ED patientswith vascul ogenic etiology (p
< 0.01). Themean age(SD) of ED patientsinrelation
to eNOS gene polymorphismwas 48.8 (10.4) in GG,
50.9 (8.1) in GT and 48.7 years (13.3) in TT geno-
type. Asfor the control group, their mean age (SD)
was44.7 (2.7)in GG 44.3(2.8) in GT and 48.3 years
(0.6)IinTT aleecarriers(p= 0.06). Themean age of
onset of ED did not show any significant differencebe-
tween different eNOS genotypes, however T dleecar-
riers(TT+GT) inthe control group wereyounger than
thoseinthe ED group (44.6 vs48.8 years, p< 0.05).
Accordingly, it may besuggestedthat T allelecarriers
inthecontrol group might beat ahigher risk to devel op
ED withaging.

Etiologicd dassfication of ED patientsshowed that
25% (15/60) were psychogenicwhile 75% (45/60) were
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vascul ogenic, among them 48.3% (29/60) were dueto
veno-occlusive dysfunction while 26.7% were
arteriogenic (16/60). Data from patients with
vasculogenic ED was sdlectively andyzed to assessthe
role of eNOS polymorphism in penile pathophysiol -
ogy. Theetiology of ED wasindependent of theeNOS
genotypes, asthefrequency distribution of GG GT and
TT genotypeswas comparabl e between patientswith
various ED etiologies, beingin 8 (28.6%), 6 (23.1%)
and 2 (33.3%) of arteriogenic, and 10 (35.7%), 15
(57.7%) and 4 (66.7%) of veno-occlusivedysfunction
cases, repectively. However, among psychogenic cases
10 (35.7%) had GG, 5 (19.2%) had GT and none of
them had TT genotype.

Although 10 of GG (35.7%) and 5 of GT (19.2%)
genotypeshad ED of psychogenic etiology, noneof the
homozygous TT genotypewere among psychogenic
Cases.

Smokers represented 43.3% (26/60) of ED pa-
tientsand 32% (16/50) of controls; however, 62% of
smokerswereamong the ED group. A significant asso-
ciation between smoking and ED, where 75% of smok-
erswith GG genotype had ED, compared with only
42% of non-smoker GG carriers(p= 0.018). Themean
age (SD) of non-smokersand smokersdid not differ
among controls[44.9 (2.7) vs 44.1 years (2.9), p>
0.05], however, ahighly significant differencewasde-
tected on comparing non-smokersto smokersamong
vasculogenic ED patients [52.1 (9.0) vs 49.6 years
(9.5), p< 0.01].

Cardiovascular co-morbiditiesprevailedin 58.3%
(35/60) of ED patients, where 51.7% (31/60) were
diabeticsand 16.7% (10/60) were hypertensive. The
digtribution of ENOS genotypesin ED patientswith car-
diovascular co-morbidities showed their presencein
60.7% (17/28) of GG, 57.7% (15/26) of GT, and 50%
(3/6) of TT genotypesandin 56.2% (18/32) of the T
alele carriers (GT/TT). On excluding psychogenic
cases, these co-morbidities showed more pronounced
preva ence among patientswith vasculogenic ED, asit
increased to 69.6% (16/23) in GG, 64.7% (11/17) in
GT, 60% (3/5) in TT genotypes, and 60.9% (14/23) in
T dldecariers(GT/TT).

Themean pesk systalicvelocity (PSV) onright and
|eft cavernosd arterieswaseva uated reflecting systolic
blood flow in the corpora cavernosa of ED patients

after ICl of PGEL, and revealed diminished flow inmen
with thehomozygousT dlelecarriers(TT), and even
moredeclinewasélicited in patientswith cardiovascu-
lar co-morbidities, asshown in TABLE 2. However,
thesedifferencesfailedto attain statistica significance,
possibly dueto reduced samplesize.

TABLE 2: eNOS Genotypesin ED patientsaccordingto
Penile Duplex Findings& I1EF-5

No GENOTYPE
NOS3 Genotype GG GT TT GT+TT
All ED Patients, n 60 28 26 6 32

Right PSV (cm/sec)
Left PSV (cm/sec)
IEF-5

No Cardiovascular
Co-morhidities, n
Right PSV (cm/sec)
Left PSV (cm/sec)

39.12 39.25 40.04 345 39
38.30 39.14 38.42 33.83 37.56
134 13.04 1296 17 13.72

25 11 1 3 14
44.24 45.27 44.27 40.33 43.43
45.08 46.73 45.09 39.00 43.79
154 15.36 14.64 18.33 15.43

IIEF-5
cadiovslarCo 35 17 15 3 18
iyl PS\?(CW]/sec) 35.46 35.35 36.93 28.67 35.56

g 33.46 34.24 3353 28.67 32.72

h(éfthsv (CVSeC) 1197 11.53 11.73 15.67* 12.39
IIEF-5 = The five-item version of the international index of
erectile function; PSV = peak systolic velocity; *P = 0.036, T
genctype Carriers.

DISCUSSION

Penileerectionisacomplex neurovascul ar process
that necesstatesincreased arteria inflow and restricted
venous outflow from the penig?7.

Inthepresent study, we examined the G894T poly-
morphism of the eNOS gene, aG to T substitution,
subsequently leading to a change from aspartate to
glutamate (Glu298Asp) intheeNOS, resultingindis-
turbance of itsactivity!’¥. Reduction of eNOSactivity
has a so been associ ated with aging, smoking, DM and
hyperchol esterolemiad®31.

To date, there have been few studieson the asso-
ciation between theeNOS G8HT gene polymorphisms
and ED resultingin limited and conflictingdata. In 1999,
Park et d. falled to detect any correlation between geno-
typesof thefourth intron of eNOSgene(4 VNTR) in
patientswith vasculogenic ED. A finding that was
againreportedin ED patientswho showed asignificant
higher prevalence of DM and coronary artery disease
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(CAD)®., In 2007, Peskircioglu et al . detected a bet-
ter responseto sildenafil in ED patientswiththe*“A”
alleleof eNOS geneintron 4 variable number of tan-
dem repeats (VNTR)BE4,

On analyzing the eNOS G894T gene polymor-
phism, Eisenhardt and Siffert (2003) did not find any
increased risk of ED among different eNOS genotype
carriers, while Eisenhardt et a. (2003) reported an as-
sociation between eNOS G894T genotypes and re-
sponseto sildenafil in ED patientg?- %1,

Other investigatorsshowed thet T dlelecarriersare
at greater risk to develop ED bothin prevalenceand
severity. Accordingly, eNOS G894T gene polymor-
phism, together with DM, hypertension, cardiac dis-
ease and cigarette smoking wereidentified asindepen-
dent risk factorsfor ED!?223,

In our study, eNOS genotypes not differ signifi-
cantly between ED patientsand healthy controls, afind-
ing similar to those of Eisenhardt and Siffert?. We
detected only 9 subjectswith homozygous TT geno-
type among thewhol e study population (n= 110) rep-
resenting 0.08%, and 66.7% of them (6/9) wereamong
the ED group, suggesting adosage-cumul ative effect
previously shown by otherg? 23,

Age-related ED isattributed to dysregulation of
eNOS phosphorylationin the penisand accordingly in-
activation of eNOS, or age associated decline of an-
drogen concentration whichimpair eNOS expression
inthepenigd*2-38, Our study showed that healthy con-
trolsweresignificantly younger than ED patients, par-
ticularly thosewith vasculogenic ED. Thepresent data
support theresultsof Leeet a. (2007)23.

In 2007, Imamura proved that smoking impairs
eNOS activity and cavernosal smooth musclerelax-
ation by upregulating asymmetric dimethylarginine
(ADMA) content, an endogenouseNOSinhibitor, and
increase dimethylarginine dimethylaminohydrol ase
(DDAH) activity®. A significant association between
smoking and increased prevaence of ED wasdlicited
inour study, particularly in patientswith vasculogenic
ED.

Currently, advanced molecular andlysisrevedled an
association between SNPsand therisk for ED, aswell
asclosdly linked cardiovascular co-morbiditiessuch as
coronary heart disease, hypertension, hypercholester-
olemiaand DM,

—=> RegUlOr Peper

DM altersendothelial NO productioninthe cor-
poracavernosadueto down-regulation of eNOS pro-
tein expression and activity, decreased shear stress-in-
duced NO release, diminished penileargininelevesand
increased oxidative stressthrough hyperglycemia-in-
duced mitochondria overproduction of superoxidgs:
39-44]

In the present study, the prevalence of cardiovas-
cular co-morhbiditieswashigher invariouseNOSgeno-
typesamong vasculogenic ED patients. Thecloseas-
sociation of eNOS genotypes and endothelia dysfunc-
tion was evidenced onceagain by detection of agreater
declineof systolic blood flow inthe corporacavernosa
of T dlelecarrier ED patients, which wasmore pro-
nounced in caseswith cardiovascular co-morbidities.
Thesefindingsarein concordance with data presented
by Rosas-Vargas et a. (2004) and Lee et a. (2007)
who identified eNOS G894T polymorphism, together
with DM, hypertension, cardiac diseaseand cigarette
smoking asindependent risk factorsfor ED?2 %,

Psychogenic cases of ED wereexcluded fromthe
study of Rosas-Vargas et al. (2004)1?2, In our study,
noneof psychogenic ED patientshad homozygousTT
genotype, afinding that highlightstheimportanceof ex-
cluding psychogenic casesof ED wheninvestigatingthe
association of eNOS polymorphism and ED to avoid
any biasthat may lead tofailuretoattain sgnificancein
previousstudiesinwhich psychogenic ED patientswere
included.

Reduced androgen concentrationresult inimpaired
expression of eNOSin cavernoustissug“#d, That is
why weexcluded ED patientswith hypogonadism.

Regarding the control group, we only included
healthy maleswithout ED or cardiovascular co-mor-
bidities, in order to avoid the cumul ative effect of these
co-morbiditiesininvestigatingthe potentia association
between eNOS G894 T gene polymorphism and ED.
Similarly, Eisenhardt et al. (2008) considered the pres-
ence of cardiovascular co-morbidities as one of the
exclusion criteriaof thecontrol groupt®.

INn 2009, Cherney et d. showed that the T alele of
eNOS G894T polymorphism is associated with a
blunted responseto L-arginine, decreased NO bioac-
tivity and vascular complications, suggesting thispoly-
morphismisafunctiona variant inhumansthat worth
studying inalarge cohort”.
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Severa explanationswere postul ated for thedown
regulation of eNOSactivity ineNOST dlelecarriers.
TheeNOS G894T polymorphism resultsin glutamate
to aspartate amino acid substitution at position 298,
wherethisposition of amino acid substitution onthe
surface of the enzyme represents apotentia sitefor
selective enzymatic cleavage, eaborating cleaved frag-
mentsthat lack NOS activity and consequently reduc-
ing vascular NO generation?®l, Secondly, T allele car-
riers showed an enhanced respons venessto a-adren-
ergic sympathetic stimulationwhich favorsrapid detu-
mescence after erectiond. A third explanationisthe
gene-environment interaction, where T dleeinfluence
theresponse of cardiovascular systemtovariousenvi-
ronmental and noxious substances as shown by Wang
et d. (2000) who displayed genotype-dependent ciga
rette-specific del eterious effectson eNOS expression
and activity®. Finally, thegene-geneinteraction theory
should be considered, where the coexistence of 2 or
morefunctiona polymorphisms, each making aminor
contribution toacommon trait, are capable of signifi-
cant interaction that may increasetherisk of various
vascular diseasesand ED aswell.

Inthe present study, although wedid not findasig-
nificant differenceinthefrequency digtribution of eENOS
genotypes between ED patients and healthy controls,
however, the presenceof T dldeincreased genetic sus-
ceptibility for vasculogenic ED, particularly in co-exist-
enceof cigarette smoking, aging, aswell asvariouscar-
diovascular co-morbidities.

Although recent advances have led to better un-
derstanding of the pathophysiology of ED, wedtill need
morefunctiona and expressoninvestigationsto unmask
different signal transduction pathwaysthat clarify the
underlying molecular mechanismsthat confer genetic
susceptibility to ED.

Conflict of Interest: None.
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