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Summary

Background: Studies suggest that the Ser49Gly and
Arg389Gly polymorphisms in the Bi-adrenergic receptor
might be of functional importancefor the cardiovascular sys-
tem. Both have been associated with altered receptor activity
invitro, and with hypertension and cardiac failurein vivo.

Hypothesis: Theaim of thisstudy wasto test whether these
polymorphismswere associated with the changein heart rate
or blood pressurein patients with essential hypertension and
left ventricular (LV) hypertrophy treated with the 31-adrener-
gicreceptor blocker atenolol.

Methods: Blood pressure and heart rate were measured in
101 hypertensive patients with echocardiographically veri-
fied LV hypertrophy, randomized in adouble-blind study to
treatment with either the B 1-adrenergic receptor blocker aten-
olol or theangiotensin 11 typel receptor antagonist irbesartan.
Changesinblood pressure and heart ratewere eval uated after
12 weeks. Betas-adrenergic receptor genotyping was per-
formed using polymerase chain reaction and restriction frag-
ment length polymorphism.

Results: Wefound no significant associ ations between the
changesin themeasured variablesand either of thetwo poly-
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morphisms. However, carriers of the 49Gly dlele showed a
tendency toward a greater reduction in heart rate compared
with patientswith the Ser/Ser49 genotype (p = 0.06).
Conclusions. The Ser49Gly and Arg389Gly Bi-adrenergic
receptor polymorphismsdo not seemto exert amgjor effect on
the changesin heart rate and blood pressure during 12 weeks
of trestment with aenolol in patientswith essential hyperten-

sionand LV hypertrophy.
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Introduction

Betay-adrenergic receptors (B1-ARS) play apivotd rolein
the regulation of the cardiovascular system. In the human
heart, both B1- and B2-ARs are expressed, but the 31 isthe
major subtypeand isknown to stimul atetherate and strength
of cardiac contraction.13 On agonist timulation, it dicitsex-
citatory reactionsintheheart, leading to higher cardiac output
through increased cardiac inotropy and chronotropy. Beta-
AR blockers, today mainly those selectivefor the B1-AR, are
widely used in the treatment of hypertension.* However, the
antihypertensiveresponseto thisclassof drugsishighly vari-
able, and the individual response cannot be predicted at the
presenttime.

Two frequent polymorphismsin the gene encoding the B1-
AR have been found. Thefirst occurs at nucleotide position
145, wherean A is substituted for aG, resulting in anonsyn-
onymousamino acid substitution of serineto glycine at posi-
tion49inthereceptor protein (Ser49Gly).5° The second poly-
morphismislocated at nucleotide position 1165, whereaCis
subgtituted for aG, which atersthe encoded amino acid from
arginineto glycineat amino acid position 389 (Arg389Gly).52
The Ser49Gly variant, located in the extracel lular amino-ter-
minal region of the receptor, hasbeen proposed to dter thelo-
calization of the receptor in the cell membrane and receptor
trafficking.8 Arginine389Gly is located in the proximal por-
tion of the cytoplasmic tail of the receptor near the seventh
transmembrane-spanning domain, and thereisreason to be-
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lievethat this polymorphism changesthetertiary structure of
thereceptor dueto aneutral and small Gly resduereplacinga
basicandlarge Argresidue.

We have previoudy shown that the angiotensin-converting
enzyme (ACE) I/D and the a dosterone synthase gene poly-
morphismswere associ ated with the blood pressure-lowering
response to treatment with irbesartan, but not with atenolol,
implicating that pharmacogenetics might be used to individu-
dizeantihypertensivetreatment.10. 11

Inthe present study, our aimwasto test whether thetwo 31-
AR polymorphisms described above were associated with the
changein heart rate (HR) and blood pressurein patientswith
essential hypertension and left ventricular (LV) hypertrophy
treated with the B1-AR blocker atenolol for a period of 12
weeks. Ascomparison, westudied patientstreated withthean-
giotenan |1 type| receptor antagonist irbesartan.

Materialsand M ethods
Patients

The subjects participated in the Swedish Irbesartan Left
Ventricular Hypertrophy Investigation versus Atenolol (SIL-
VHIA) trid, which has been described in detail earlier.12
Briefly, Caucasi an men and women with mild to moderate es-
sential hypertension and echocardiographically verified LV
hypertrophy were enrolled, with the primary goa of evaluat-
ing theefficacy of irbesartan compared with atenolol on blood
pressure reduction and regression of LV hypertrophy. Left
ventricular hypertrophy wasconsidered present if LV massin-
dex was> 131 g/m? for men and > 100 g/m? for women. After
patients rested for at least 10 min in a seated position, blood
pressure was measured by trained study nurses using a mer-
cury sphygmomanometer and was determined asthe average
of three measurementstaken 1 min apart. Heart rate wasthen
recorded in the sested pogition. Inclusion criteriawere dias-
tolic blood pressure (DBP) of 90-115 mmHg at two examina:
tionswithin aweek, with values differing by no morethan 8
mmHg. During trestment, blood pressure was measured at
trough (24 + 3 h after thelast dose). Secondary hypertension
was excluded by means of physical examination and routine
[aboratory tests. All antihypertensive agentswere withdrawn
beforethestart of a4—6 week, sngle-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. Indll, 102 patients completed thefirst 12 weeks
of monotheragpy. Onepatient wasexcludedinthe present study
sincewewere unableto acquire gppropriate blood samples.

DNA Extraction

DNA was isolated using QIlAamp, DNA Blood Mini Kit
(QIAGEN, Germany) according to the manufacturer’s Blood
and Body FHuid Spin Protocol. Polymerasechain reactionwas
performed using primers described by Magbool et al.5 Geno-
typing was done with restriction fragment length polymor-

phism, in which the Ser49Gly was enzymatically cleaved by
Eco 0109 | and the Gly389Arg by Begl, asdescribed.

The appropriate university ethics committees approved
thisstudy. The participating patientsgavetheir informed con-
sent and the study was completed in accordance with ingtitu-
tional guiddlines.

Statistics

Data are presented as mean vaues + standard error (SE).
Theestimated adjusted mean differencein systolic blood pres-
sure(SBP), DBP, and HR changeat 12 weeksof monotherapy
between Ser49Ser and carriers of the 49Gly alele (two cate-
gories) ontheone hand, and between Arg389Arg and carriers
of the 389Gly ontheother, wascal culated with thegeneral lin-
ear moddls (GLM) procedure of SAS software (SAS, Cary,
N.C., USA) for eech treatment group. A p valueof <0.05was
considered significant.

Resaults

Basdline characterigtics stratified by genotype and tresat-
ment are presented in Table . The observed alldefrequencies
werein Hardy-Weinberg equilibrium and werein accordance
with frequenciesfound in other Swedish/Scandinavian popu-
lations.* 7 Regarding the Ser49Gly polymorphism, patients
with the Ser/Gly and Gly/Gly genotypes were considered as
onegroup, sincetherewere only three patientswith the latter
genotype (al in the atenolol group). Equdly, regarding the
Arg389Gly polymorphism, patients with the Arg/Gly and
Gly/Gly genotypeswere considered as one group, sincethere
were only seven patientswith the Gly/Gly genotype (threein
the atenolol group and four intheirbesartan group).

Asseenin Tablell, therewas no assocition between either
of thetwo polymorphismsand changesin SBP, DBP, and HR
at 12 weeks. However, among carriers of the 49Gly dldle,
there was a tendency toward a greater reduction in HR com-
pared with patientswith the Ser/Ser49 genotypein theaenol ol
group (p=0.06). The samewas observed for the patientswith
the Arg/Arg389 genotype, compared with the carriers of the
Gly389 aledein theirbesartan group (p = 0.06). Adjustment
for thepotentia covariatesage, dose, gender, SBRP, and DBPat
basdineand LV myocardid infarctionat basdinedid notinflu-
encetheresultssignificantly (datanot shown).

Discussion

The primary aim of this study was to test whether the
Ser49Gly and Arg389Gly B1-AR polymorphismswere asso-
ciated with the changesin blood pressure and HR in patients
with essentid hypertension and LV hypertrophy treated with
the B1-AR blocker atenolol. We found no significant associa-
tionwith either of thetwo polymorphismsin thisrespect; how-
ever, theGly49 dld ewasassociated with atendency toward a
greater reduction of HR a 12 weeksintheatenolol group.
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TaBLE |  Basdinepatient characteristicsstratified by trestment and genotype
Atenolol Irbesartan
Serd9Gly Ser/Gly and
Ser/Ser Gly/Gly Ser/Ser Ser/Gly
(n=35) (n=17) pVaue n=33) (n=16) pVaue
Age(years) 54.8(1.3) 53.8(2.6) 0.71 54.5(1.5) 53.3(1.7) 0.65
Sex (mae/femae) 26/9 10/7 034 18/15 12/4 0.22
BMI (kg/m?) 275(0.7) 26.2(0.7) 0.23 27.0(05) 276(1.0 0.49
SBP(mmHg) 159.4(3.1) 163.2(5.6) 0.53 164.0(3.3) 163.5(4.0) 0.92
DBP(mmHg) 1032(1.4) 102.6(1.9) 0.77 104.6(1.2) 104.3(1.8) 0.89
HR (beatsmin) 65.1(1.3) 68.5(2.5) 0.19 70.0(2.0) 67.0(24) 0.39
LVMI (g/m?) 147.1(4.2) 135.1(6.8) 0.12 151.5(7.0) 148.0(5.8) 0.74
Dose(mg) 66.4(4.7) 78.1(6.8) 017 246.8(13.6) 260.0(17.7) 057
Arg389Gly Arg/Gly and Arg/Gly and
Arg/Arg Gly/Gly Arg/Arg Gly/Gly
(n=34) (n=18) pVaue (n=21) (n=28) pVaue
Age(years) 52.7(1.6) 578(1.7) 0.046 54.4(18) 53.8(1.5) 0.80
Sex (mae/femae) 22/12 14/4 0.53 12/9 18/10 0.77
BMI (kg/m?) 26.8(0.6) 276(0.9) 047 275(0.7) 26.9(0.6) 0.52
SBP(mmHg) 164.0(3.4) 154.2 (4.6) 0.092 163.0(3.8) 164.5(3.5) 0.78
DBP(mmHg) 104.1(1.4) 100.9(1.7) 017 103.7(1.5) 105.1(1.4) 0.51
HR (beatsmin) 67.6(1.5) 63.6(2.0) 0.12 715(2.7) 66.9(1.7) 0.14
LVMI (g/m?) 142.0(5.0) 145.9(4.6) 0.61 149.3(5.9) 151.2(7.7) 0.85
Dose(mg) 74.2(4.9) 62.5(6.1) 0.15 2724(13.1) 236.1(15.4) 0.097
Mean values+ standard deviation.
Abbreviations: BMI = body massindex, SBP= systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate, LVMI = | ft ventricular
massindex.
TaBLE Il Changesinblood pressureand heart rate at 12 weeks stratified by trestment and genotype
Atenolol Irbesartan
Serd9Gly Ser/Gly and
Ser/Ser Gly/Gly Ser/Ser Ser/Gly
(n=35) (n=17) pVaue (n=33) (n=16) pVaue
SBP change (mmHg) —116(2.6) —105(3.8) 0.81 —14.1(3.4) —189(4.9) 0.42
DBP change (mmHg) -119(1.3) -116(1.9) 0.91 —-9.7(18) —7.9(2.6) 0.56
HR change (beats/min) -59(1.7) —-11.7(25) 0.063 -01(1.9) -0.6(20) 0.86
Arg389Gly Arg/Gly and Arg/Gly and
Arg/Arg Gly/Gly Arg/Arg Gly/Gly
(n=34) (n=18) pVaue (n=21) (n=28) pVaue
SBP change (mmHg) —13.7(2.6) —6.7(3.6) 012 —125(4.2) —18.0(3.7) 0.33
DBP change (mmHg) —12.8(1.3) -99(18) 0.19 -7.3(23) —10.5(2.0) 0.29
HR change (beats/min) —-8.7(18) -6.2(2.5) 041 -28(L7) 17(15) 0.057
Mean vaues+ standard error.

Abbreviationsasin Tablel.

Studies of thefunctional importance of the Ser49Gly poly-
morphism have shown somewhat divergent results. In vitro
dudieshave shown that the 49Gly variant of thereceptor had a
more profound adenylylcyclaseactivity onagonist simulation,
was more sensitive to the inhibitory effect of the antagonist
metoprolol,13 and showed a greater downregulation on long-
term agonist stimulation.13 14 Borjesson et al.° showed that pa-

tients suffering from heart failure and who were homozygous
for the wild type alele (Ser49Ser) had a significantly worse
long-term prognos's, which was suggested to represent amore
favorable disease progression among carriers of the Gly49 al-
Ieleasaconsequenceof atered receptor function. Inthisstudy,
anonsignificant trend toward higher gjection fraction among
patientswith the Gly49 dl el ewas noted, suggesting afunction-
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a importance of the Ser49Gly polymorphism. Furthermore,
Ranade et al.1° recently demonstrated an associ ation between
polymorphismand resting HR, with Ser homozygouteshaving
the highest mean HR and Gly homozygoutes having the low-
est. We could not observethisin our group of hypertensive pa
tients, but found atrend toward greater HR reduction among
atenolol-treated patients carrying the Gly49 alele. Another
case-control study, however, showed no association between
polymorphism and hypertension.18 Combining these datasug-
gests apossible association between the Gly49 variant of the
B1-ARand aninherent cardioprotective effect.

Concerning the Arg389Gly polymorphism, invitro studies
have demonstrated that this polymorphism atersthefunction
of thereceptor so that the Gly389-variant exhibitslower basal
levelsof adenylyl cyclaseactivity and reduced responsiveness
upon agonist-induced stimulation.” Thisfinding suggeststhat
the polymorphism could influence blood pressure level and
HR, aswell asanindividua’sresponseto B1-AR blockade. A
large case-control association study by Bengtsson et al. in
Scandinavians identified individuals homozygous for the
Arg389 dleeasheing at increased risk of devel oping hyper-
tension.’® In the same study, a genotype-discordant sibling
analysisa so showed that Finnish subjectswiththe Arg389Arg
genotype had higher HR and DBP than carriers of the Gly389
alele. Bengtsson et al. suggested that the increased activity of
the Arg389 variant of the 31-adrenoceptor showninvitro could
be expected to lead to increased activity in vivo and thusto a
higher cardiac output, whichwoul d explain the association be-
tween the Arg389 dleleand hypertension.16 Recently, howev-
er, two studiesfound no differencein exercise-induced HR and
SBP responseamong healthy subjectswho were homozygous
for the Arg389 or Gly389 aleles, suggesting alimited func-
tional importance of this polymorphisminvivo.17:18

In our study, we observed no Arg389Gly genotype-depen-
dent differencein basdline blood pressure or HR, nor did we
find any significant differences between reduction of blood
pressure and HR during treatment with the B1-AR blocker
atenolal. Thissuggeststhat thispolymorphismisof a least no
major importance in determining the responseto this antihy-
pertensivedrug.

The strength of the present study isthat the subjectsrepre-
sent aclinically well-characterized group, randomized to treat-
ment in aprospective, double-blind trid; the limitation, onthe
other hand, isthesmall number of patients.

Conclusions

The Ser49Gly and Arg389Gly B1-adrenergic receptor poly-
morphismsdo not seem to exert amgjor effect on the changes
in HR and blood pressure during 12 weeks of treatment with
atenolal in patientswith essential hypertensonand LV hyper-
trophy. Nevertheless, we observed atendency toward an asso-
ciation between the Ser49Gly polymorphism and the change
inHR, which preventsusfrom regjecting completely the possi-
bility of afunctional roleof the Ser49Gly polymorphisminde-
termining theresponseto B1-AR blockade. Most likely, apos-

sibleeffect of the polymorphismwould beaminor onewhich,
inaclinical setting, may beirrelevant. Larger studieswill be
neededto exploretheroleof thispolymorphismduring B1-AR
blocker trestment further.
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