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Summary

Background: Studies suggest that endothelin-1 contributes
tothe pathogenesisof hypertension. A G5665T genepolymor-
phism of preproendothelin-1 has been shown to be associated
with higher blood pressure in overweight patients. No study
has yet determined the effect of this polymorphism on the
changein blood pressure during antihypertensivetreatment.

Hypothesis: This study aimed to determine this effect in
hypertensive patients with left ventricular (LV) hypertro-
phy during antihypertensive trestment with either irbesartan
or atenolol.

Methods. We determined the preproendothelin-1 genotype
using minisequencing in 102 patientswith essentia hyperten-
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sion and LV hypertrophy verified by echocardiography, ran-
domized in adouble-blind fashion to treatment with either the
AT -receptor antagonist irbesartan or the beteg-adrenoceptor
antagonist atenolal.

Results. The changein systolic blood pressure (SBP) after
12 weeks of treatment was rel ated to the preproendothelin-1
genotype in men; after adjustment for potential covariates
(age, blood pressure, and LV massindex at study entry, doseof
irbesartan/atenolol, and type of treatment), those carrying the
T-alele responded on average with a more than two-fold
greater reduction than those with the G/G genotype (—21.9
mmHg[3.9] vs. —8.9[2.3], p=0.007). No significant differ-
encesin blood pressure change between G/G and carriers of
the T-allele were seen among women.

Conclusions: Our finding suggests a gender-specific rela
tionship between the G5665T preproendothdin-1 polymor-
phism and change in SBP in response to antihypertensive
treatment with irbesartan or atenolol, suggesting the endothe-
lin pathway to be acommon mechanism included in the hy-
pertensive action of thedrugs.
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Introduction

The endothdlinsareafamily of peptidesthat are extremely
potent vasoconstrictors.k:2 Endothdin-1 (ET-1), themgjor iso-
form in the vascular endothelium, is generated in two steps
froma203-amino acid residue precursor preproET-1. Thepre-
cursor isconverted into the polypeptide bigET-1, fromwhich
ET-1 is cleaved by endothelin-converting enzymes (ECE).
Endothelin-1 exertsboth arterid and venousvasoconstriction,
direct positiveinotropic and chronotropic effectson the heart,
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and hypertrophic effects on vascular smooth muscle cells, fi-
broblasts, and isolated cardiomyocytes.® The effects of ET-1
appear to be mediated through two receptor subtypes, ETa and
ETg. In the heart, ECE is expressed in the endocardium and
myocardium.? PreproET-1 mRNA isexpressed by human car-
diomyocytes and interstitial cellsthat synthesize and secrete
mature ET-1.56 Both ETa- and ETg-receptors are present in
the human myocardium.”

Hypertension has been associated withincreased ET activ-
ity. Plasma ET-1 levels are higher in patients with essentia
hypertension thanin normotensive subjects® and pardlelsthe
degree of cardiac hypertrophy. The ETA receptor gene is
overexpressed in arteries of hypertensive patients,® 10 sug-
gesting that ET-1 may contribute to the pathogenesis of hy-
pertension by means of ET dysfunction or proliferation of
vascular smooth muscle cells. Chronic treatment with an ET-
receptor antagonist in hypertensive patients reduces blood
pressure, which provides additional support for the involve-
ment of ET-1in hypertension.11

TheG5665T polymorphism of the preproET-1 genecauses
aLys/Asn change at codon 198 of the protein.12 Two studies
have shownthat overweight patientscarrying the T-allelehave
higher blood pressure than those with the G/G genotype.12 13
Another study demongtrated that systolic blood pressure
(SBP) during pregnancy washigher among carriersof the T al-
Idleinagroup conggting of normal and pre-eclamptic women,
and that plasma ET-1 level swere significantly higher among
T/T homozygotes.1

No study has yet determined the impact of this polymor-
phism ontheresponseto antihypertensivetreatment. Weaimed
to examine the relation between this polymorphism and the
changein blood pressurein hypertensvemen and womenwith
left ventricular (LV) hypertrophy during antihypertensivetreat-
ment with either theangiotensin 11 type 1 (AT1) receptor antag-
onigt irbesartan or the beta-adrenoceptor antagonist atenolol.

Methods
Study Population

The subjects participated in the Swedish Irbesartan Left
Ventricular Hypertrophy versus Atenolol (SILVHIA) trid,
which has been described previoudly.1> 18 Briefly, Caucasian
men and womenwith mild to moderate essentia hypertension
and echocardiographically verified LV hypertrophy wereen-
rolled, withthe primary goal of evauating the efficacy of irbe-
sartan compared with atenolol on blood pressure reduction
and regression of LV hypertrophy. The Penn convention was
used for cal culation of LV mass, whichwascorrected for body
massindex (LVMI). Left ventricular hypertrophy wasconsid-
ered present if LVMI was> 131 g/m? for men and > 100 g/m?
for women. After subjectsrestedfor at least 10 minintheseat-
ed position, blood pressure was measured by trained study-
nurses using amercury sphygmomanometer, and was deter-
mined asthe average of three measurementstaken 1 min apart.
Inclusionrequired adiastolic blood pressure (DBP) of 90-115

mmHg. During trestment, blood pressure was measured at
trough (24 + 3 h after thelast dose). Secondary hypertension
wasexcluded by meansof aphysical examination androutine
[aboratory tests. All antihypertensive agentswerewithdrawn
beforethestart of a4—6week, single-blind, placebo lead-inpe-
riod, after which the patientsreceived either irbesartan 150 mg
or atenolol 50 mg oncedaily asmonotherapy inadouble-blind
fashion. The doses were doubled after 6 weeks if DBP was
=90 mmHg. Inal, 115 patients were randomized to receive
either irbesartan 150 mg or atenolol 50 mg once daily, and the
dose was doubled after 6 weeksif apatient’s DBP was =90
mmHg. A total of 102 patientscompleted thefirst 12 weeksof
monotherapy inthe SILVHIA trid, and datafrom thisfirst pe-
riod are considered in this study. Of the 102 patients, 49 pa-
tients had been treated with irbesartan and 53 with atenolal.
Theappropriate ethicscommittees approved thestudy and the
participating patients gave their informed consent. The study
was completed in accordancewith ingtitutional guidelines.

Genomic DNA was extracted from ethylene diamine
tetraacetic acid (EDTA)-blood using spin columns (QIlAamp®
DNA Blood Mini Kit, Qiagen, Hilden, Germany). Polymerase
chain reaction (PCR) was conducted using AmpliTaq™ Gold
DNA polymerase (Applied Biosystems, Foster City, Cdlif.,
USA) with the 5-bictinylated forward primer 5-CTT TTG
CCA AAG GGT GAT TT-3 and the reverse primer 5-AGG
GTG GAG AGT GCA GAG TC-3' manufactured by Inter-
activa(The Virtua Laboratory, Ulm, Germany), giving a240
bp product. Reaction volumes (50 W) containing PCR buffer
I1, 3.5 mmol/l MgCl», 0.25 mmoal/l of eechdNTR, 0.4 umol/l of
each primer, 1 U of Tag DNA polymerase, and approximately
100 ng of genomic DNA wereused. The PCR conditionscon-
sisted of aninitia activation step at 95°C for 10 min, followed
by 40 cyclesof 95°Cfor 30s, 58°Cfor 30s, and 72°Cfor 605,
after which afinal e ongation step at 72°C for 10 min conclud-
ed the reaction (GeneAmp PCR system 9700, Applied Bio-
systems). Genotyping for the preproET polymorphism was
conducted with solid phase minisequencing.t” The PCR prod-
ucts were captured in streptavidin-coated microtiter plate
wellsand rendered single stranded. The polymorphic nucleo-
tide was detected by single nucleotide extension with aradio-
actively labelled nucleotide ((H[dCTP] or SH[dATP], Amer-
sham, U.K.) of adetection primer (5-ACA TAA CGC TCT
CTG GAG GG-3), whichwasdesigned to anneal immediate-
ly adjacent to the polymorphic site. The genotype of the sam-
pleswasdefined by the ratio between theincorporated 3H-la-
beled nuclectides.

Data are presented as mean vaues + standard error (SE).
The edtimated adjusted mean difference in blood pressure
change a 12 weeks between G/G and carriersof the T alele
(two categories) was cal culated with thegeneral linear models
(GLM) procedure of the SAS software (SAS Ingtitute, Cary,
N.C., USA) for each treatment group. Due to known gender
differencesinthe ET system,18-28 datawere Stratified by gen-
der. Two different modelswere used: one univariate and one
multivariate mode, including the potential covariates age,
SBP, DBR, and LVMI at study entry, dose of atenolol or irbe-
sartan (all continuous), and type of treatment. Interaction be-
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TaBLE |  Basdinepatient characteristics stratified by treatment, genotype, and gender
Men Women
GIG GIG GIT

(n=49) (n=18) n=22) (n=13)
Treatment (% irbesartar/atenolol) 45/55 44/56 64/36 38/61
Age(years) 545(1.1) 51.6(1.7) 56.0(2.2) 54.4(25)
BMI (kg/m?) 28.1(0.8) 26.5(0.6) 26.3(0.6) 27.3(14)
SBP (mmHg) 161.3(2.5) 167.3(4.2) 162.2(4.7) 157.1(6.0)
DBP(mmHg) 105.0(1.0) 108.6(1.3) 100.0(1.7) 974(1)
Mean values (+ standard error).

Abbreviations: BMI = body massindex, SBP = systolic blood pressure, DBP = diastolic blood pressure.

tween gender and ET genotype was tested by inclusion of a
product interaction terminto the multivariatemodd. A proba-
bility (p) of <0.05was considered significant.

Results

Genotype distribution (71 G/G [70%], 29 G/T [29%)], and
2T/T [1%]) was cond stent with Hardy-Wei nberg equilibrium
(p = 0.84). Carriers of the T dlele were considered as one
group since only two patients with the T/T genotype were
found. Fifty-three patients (35 G/G and 18 carriersof the T al-
lele) had been given atenolol and 49 (36 G/G and 13 carriersof
the T allele) irbesartan. Among patients given atenolol, 54%
received 50 mg, 42% 100 mg, and therest either 25 mg or 75
mg. Among patients given irbesartan, 67% received 300 mg,
28% 150 mg, and the rest either 75 mg or 225 mg. Baseline
characterigtics of the patients stratified by gender and geno-
type are shown in Table I. There were no significant differ-
ences between the genotypesin each group.

There was a significant interaction between gender and
genotype for change in SBP and DBP at 12 weeks (p 0.001
and 0.04, respectively). Changein blood pressureat 12 weeks,
stratified by gender and genotype, is shown in Table 1. We
found asignificant difference between genotypesin thereduc-
tion of SBPamong men. Inthe multivariate model, carriers of
the T-allele responded on average with amore than two-fold

greater reduction than those with the G/G genotype (—21.9
mmHg[3.9] vs. —8.9[2.3], p=0.007). Thisgenetic difference
in SBP change was seen both in men treated with irbesartan
and in those treated with atenolol. No Statistically significant
differencesin blood pressure change between G/G and carri-
ersof the T-allelewere seen among women.

Discussion

Our study suggests agender-specific rel ationship between
the G5665T preproET-1 polymorphism and the degree of re-
duction of SBP during antihypertensive treatment with the
AT;-receptor antagonist irbesartan and the beteg-adrenoceptor
antagonist atenolal.

Evidencesuggeststhat thereisadifference between gender
inthe ET system. Ovarian hormones have been shown to sup-
pressor modulate ET-1 production and itseffects; 173-estra-
diol attenuates ET-1-induced coronary artery congtriction both
invitro'® and in vivo,’® and plasma ET-1 levels are higher in
men than in age-matched women.?! Endothelin-1 decreases
during estrogen replacement therapy, during pregnancy (when
estrogen levelsare high), and during estrogen administration
intranssexual malepatients, 2t 22 and inthe absence of ovarian
hormones, preproET-1 mRNA increases, as does ET-1.23. 24
Furthermore, testosterone administration in transsexual fe-
male patientsincreases ET-1 levelsin plasma.2! In addition,

TaBLE Il Blood pressure changeat 12 weeks stratified by gender and genotype
Men Women
GIG GIT GIG G/TandT/T
(n=49) (n=18) pVaue (n=22) (n=13) pVaue

SBP change (mmHg) -9.0(22) —230(37) 0.002 —184(39) —7.9(5.0) 011
SBP change (mmHg) - adjusted —89(23) —21.9(39) 0.007 —17.6(3.0) —94(4.0) 0.12
DBP change (mmHg) —-9.3(14) —14.4(2.4) 0.07 —11.3(1.4) —-8.2(18) 018
DBP change (mmHg) - adjusted —89(14) —13.2(2.3) 0.12 —11.0(1.2) —-86(17) 0.28

Adjustment was madefor age, SBR, DBPR, and LVMI &t basdline, and dose of irbesartan/atenol ol. Mean val ues (+ standard error).
Abbreviation: LVMI =|eft ventricular massindex. Other abbreviationsasin Tablel.
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thetotal number of ET-1-receptorsisincreased in human sa-
phenous vein from men in comparison with postmenopausal
women not receiving estrogen replacement therapy, with-
out gender differencesin ET-1 binding Kq. In men, ETg-re-
ceptors have been shown to mediate tonic vasoconstriction,
whereas in women ETg-receptors mediate tonic vasodila
tion.Z’ Inthelight of these sudies, it would seem likely that a
functional impact of the G5665T preproET polymorphism
would be different between men and women, which wasthe
caseinour sudy.

In the present study, presence of the T-alldle predicted the
changein SBPinasmilar way bothin malestrested withirbe-
sartan and in those treated with atenolol. Thisisin contrast
with our previousfindingsthat the angiotensin-converting en-
zyme (ACE) 1/D polymorphism predicted the blood pressure
response to irbesartan only.2 Thus, the present data suggest
that endothelinisinvolvedin the mechanismwhereby boththe
AT 1-receptor antagonists and the betay-receptor antagonists
reduce blood pressure. The strength of this study is that the
subjects represent aclinically well-characterized group, ran-
domized to trestment in aprospective, double-blind trial. The
major limitationisthesmall number of subjects; thus, thefind-
ingsshould beinterpreted with caution until confirmedinlarg-
er populations.

Conclusions

Our findings suggest arelationship between the G5665T
preproET-1 polymorphism and reduction of blood pressure
in response to antihypertensive treatment with the AT1-re-
ceptor antagonist irbesartan and the betas-adrenoceptor an-
tagonist atenolol among men with essential hypertension
and LV hypertrophy.
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