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Summary

Background: Angiotensin Il, viathe angiotensin Il type 1
(AT1) receptor, may mediate myocardid fibrosisand myocyte
hypertrophy seenin hypertensiveleft ventricular (LV) hyper-
trophy through production of transforming growth factor 81
(TGF-B1); AT1-receptor antagonists reverse these changes.
The TGF-B1 G + 915C polymorphism is associated with in-
terindividua variationin TGF1 production. No study hasyet
determined theimpact of this polymorphism on theresponse
to antihypertensivetreatment.

Hypothesis: We aimed to determine whether the TGF-31
G + 915C polymorphism was related to change in LV mass
during antihypertensivetreatment with either an AT1-receptor
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antagonists or a betay-adrenoceptor blocker. The polymor-
phismwashypothesized to have animpact mainly ontheirbe-
sartan group.

Methods: We determined theassoci ation between the TGF-
1 genotype and regression of LV massin 90 patientswith es-
sential hypertension and echocardiographically diagnosed LV
hypertrophy, randomized in a double-blind study to receive
treatment for 48 weekswith either the AT1-receptor antagonist
irbesartan or the betas-adrenoceptor blocker atenolol.

Results: Irbesartan-treated patients who were carriers of
the C-dlele, whichisassociated with low expression of TGF-
B1, responded with amarkedly greater decreasein LV mass
index (LVMI) than subjectswith the G/G genotype (adjusted
mean change in LVMI —44.7 g/m2 vs. —22.2 g/m?, p =
0.007), independent of blood pressure reduction. No associa-
tion between genotype and changein LVMI wasobserved in
theatenolol group.

Conclusions: The TGF-1 G + 915C polymorphismisre-
lated to the changein LVMI in response to antihypertensive
treatment with the AT1-receptor antagonist irbesartan.

Key words: transforming growth factor, angiotensin, hyper-
tension, polymorphism, lft ventricular hypertrophy, irbesartan

Introduction

Hypertensionisassociated with anumber of adverse mor-
phologic and functional changesinthe cardiovascular system,
including an increased left ventricular (LV) mass, character-
ized by an increased extracel lular matrix production (myo-
cardid fibrosis) aswell asmyocyte size (true hypertrophy).12
This, inturn, may lead to systolic dysfunction and congestive
heart failure. Selecting the best pharmacol ogic treatment for
hypertensive patientsisdifficult sincetheresponse of theindi-
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vidua patient, even when treated with the same antihyperten-
svedrug, variesin an unpredictableway. To beableto predict
theclinica responseto agiven antihypertensive drug isthere-
foreof great importancefor theindividud patient.

Activation of the renin-angiotensin system may contribute
to theincreasein LV mass seen during hypertension. Studies
have shown that angiotensin |1, the primary effector molecule
of the renin-angiotensin system, viaits interaction with the
angiotensin |1 type 1 (AT1) receptor, induces hypertrophy of
cardiac myocytesand causes cardiac fibroblaststo accumulate
collagen, leadingto anincreased LV mass.2® Theseeffectsare
independent of the peptides’ effect onblood pressure.

Angiotensin|| type 1-receptor antagonistsinterferewiththe
promotion by angiotensin 11 of vasoconstriction,® cell growth,*
and fibrosis.® Both angiotensin-converting enzyme (ACE) in-
hibitorsand AT -receptor antagoni stshave been shownto pre-
vent and reverse hypertension-induced LV hypertrophy and
collagen deposition in avariety of murine models of hyper-
tension.2.7.8 Meta-anayses suggest that reducing therenin-
angiotensin system activity by an ACE inhibitor may be a
more effective method for reversing hypertensive LV hyper-
trophy than diuretics, beta-receptor blockers, or cal cium-chan-
nel blockers.? 10 More recent studies!’13 suggest that AT;-
receptor antagonistsare equaly potent inthisrespect.

Transforming growth factor 31 (TGF-B1) regulates extra:
cellular matrix production, and overproduction has been asso-
ciated with cardiac hypertrophy. For instance, marked increas-
es in TGF-B1 mRNA levels have been shown to precede
cardiac hypertrophy and histopathol ogic changessuch asac-
cumulation of extracellular matrix protein in the heart.14-17
Porrecaet al.18 identified TGF-B1 hyperexpression in mono-
cytesfrom hypertensive patientswith myocardia hypertrophy
compared with monocytes from normotensive control sub-
jects. In addition, arecent study showed that patientswith es-
sentid hypertension have higher plasma levels of TGF-B1
than normotensive controls.19 In the same study, hypertensive
patientswith target organ damage such asLV hypertrophy hed
higher levels of TGF-B1 than hypertensive patients with no
target organ damage. Furthermore, increased levels of TGF-
1 have a so been shown to induce pathologic interstitial fi-
brosisin severa other contexts, including post-transplant re-
actions® 21 and myocardia infarction,Z2 and to correlate
positively with blood pressure.23

Thereisgrowing evidencethat cardiac fibrosisinduced by
angiotensin Il may bemediated by TGF-81.252* The AT-re-
ceptor has beenidentified on cultured cardiac fibroblasts, 2> 2
and stimulation of thisreceptor has been shown to inducefor-
mation of TGF-B1. Furthermore, the release of TGF-B1 can
stimulate cardiac myocyte hypertrophy by paracrineaction.2’

Both ACE inhibitorsand AT:-receptor antagonistscanre-
duce the TGF-B1 mRNA levelsin hypertensiverats.28-31 In
arecent study, Yu et al.22 demonstrated that treatment with
an AT1-receptor antagonist was associated with a reduced
TGF-B1 expression in the heart after acute myocardial in-
farction. Suppressed expression of extracellular matrix pro-
teins after treatment with AT1-receptor antagonists hasalso
been described. 112229

Production of TGF-B; isin part under genetic control .32
The G + 915C single nucleotide poymorphism (SNP), which
changes codon 25 in the signd sequence and subgtitutes an
arginin for aproline, isfunctionally associated with TGF-31
production.33 34 Awad et al .34 showed that lymphocytesfrom
individualshomozygousfor the G dlelehaveahigher produc-
tionof TGF-B1 invitrothan heterozygotes. Thereissuggestive
evidenceof aclinica impact of thispolymorphism. Densemet
al.33 found that patients undergoing heart transplants, who
were carriers of the C dlele, that is, related to lower TGF-B1
levels, werelesslikely to devel op coronary vascul opathy than
those homozygousfor the G alele. In an additional study by
Li et al., B circulating levelsof TGF-B1 correlated with blood
pressurelevels, and the G alelewas more common among hy-
pertensivesthan normotensives.

Theaim of thisstudy wasto investigate whether the TG
B1 G + 915C SNP was related to the change in LV massin
hypertensive patientswith LV hypertrophy during antihyper-
tensivetreatment with either the AT1-receptor antagonistirbe-
sartan or the betal-adrenoceptor blocker atenolol. The TGF-
B1 G+ 915C SNPwashypothesized to haveanimpact mainly
on the irbesartan group. Betag-adrenoceptor blockers have
been shown to lower angiotensin Il levels significantly,®®
which could be sufficient to result in a genotype-dependent
changein LV mass, but the effect, if any, would probably be
lesspronounced.

Methods
Study Population

The subjects participated in the Swedish Irbesartan
Left Ventricular Hypertrophy Investigation versus Atenolol
(SILVHIA) trid, which has been described in detail earlier.1?
Briefly, Caucasi an men and women with mild to moderate es-
sentia 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 was cons dered present if left ventric-
ular massindex (LVMI) was > 131 g/m? for men and >100
o/m? for women. The Penn convention was used for calcula-
tion of LV mass, which was corrected for body mass index
(LVMI). Secondary hypertensionwas excluded by meansof a
physical examination and routine laboratory tests. Patients
wereexcluded if they had an LV g ection fraction <45%, any
significant concomitant diseases, or were taking any other
medi cationsthat might interferewith the efficacy assessments
or that would present safety hazards. On average, patientshad
been diagnosed with hypertension 8 yearsprevioudy. All anti-
hypertensive agents were withdrawn before the start of a4—-6
week, single-blind, placebo lead-in period, after which the pa
tientsreceived ether irbesartan 150 mg or atenolol 50 mg once
daily as monotherapy in a double-blind fashion. The doses
were doubled after 6 weeksif diastolic blood pressure (DBP)
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was =90 mmHg. If DBP remained = 90 mmHg at Week 12,
hydrochlorothiazide (12.5-25 mg once daily) was added. At
Week 24, fdodipine (5-10 mg once daily) was added if re-
quired. In all, 101 patients completed the study; DNA and
echocardiographic datawere availablein 90 of these patients.

The appropriate ethics committees approved the study, the
participating patients gave their informed consent, and the
study was completed in accordance with institutional guide-
linesand the Declaration of Helsinki.

DNA Extraction and Genotyping

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, Calif.,
USA) withtheforward primer (5-CCT ACCTTT TGC CGG
GAG AC-3) and the 5-bictinylated reverse primer (5-CCG
CAG CTT GGA CAG GAT CT-3) (The Virtua Laboratory
Interactiva, Ulm, Germany), givinga278 bp product. Reaction
volumes (50 W) containing 1IXPCR buffer 11, 2.25 mmol/l
MgCly, 0.25 mmol/l of each dNTP, 0.2 umol/I of each primer,
1 U of taq polymerase, and approximately 100 ng of genomic
DNA were used. Polymerase chain reaction conditions con-
sgted of aninitia activation step at 95° C for 10 min, followed
by 40 cyclesof 96° Cfor 30s,61°Cfor 30s,and 72°Cfor 605,
after which afinal elongation step at 72° Cfor 10 min conclud-
ed the reaction (GeneAmp PCR system 9700, Applied
Biosystems). Genotyping for the TGF-1 polymorphismwas
conducted with solid-phase minisequencing.3 Polymerase
chain reaction products were captured in streptavidin-coated
microtiter platewellsand rendered single stranded. The poly-
morphic nucleotide was detected by single nucl eotide exten-
sionwith aradioactively labeled nuclectide (G or C) of ade-
tection primer (5-ACT GGT GCT GAC GCC TGG CC-3),
which was designed to annea immediately adjacent to the
polymorphic ste. Thegenotype of the sampleswasdefined by
theratio between theincorporated 3(H)-label ed nuclectides.

Statigtical Analysis

Dataare presented asmean values+ sandard error. Thees-
timated adjusted mean differencein LVMI changeat 48 weeks
between G/G and carriers of the C alele (two categories) was
cal culated with the generd linear models(GL M) procedure of
the SAS software (SAS Ingtitute, Cary, N.C., USA) for each
treatment group. Two different modelswere used: oneunivari-
ateand onemultivariatemodd, including the potential covari-
ates age, DBP and systolic blood pressure (SBP), LVMI at
study entry, dose of atenolol or irbesartan, changein SBPand
DBP(al continuous), gender, aswell asthe addition of hydro-
chlorthiazide or felodipine (yes/no). A p value of <0.05was
considered significant.

Resaults

Genotypedistribution (78 G/G[87%)], 11 G/C[12%)],and 1
CIC[1%)]) was consistent with Hardy-Weinberg equilibrium.
There was no significant correlation between LVMI and age
(datanot shown). Carriers of the C dlele were considered as
onegroup. Forty-seven patients (40 G/G and 7 carriersof theC
allele) had been given atenolol and 43 (38 G/G and 5 carriers
of the C dlde) irbesartan. Among patients given atenolol,
48% received 50 mg, 39% 100 mg, and the remainder either
75 or 25 mg. Among patients given irbesartan, 66% received
300 mg, 29% 150 mg, and the remainder either 75 or 225 mg.
A totd of 57% of the patients required additiona treatment
with felodipineand/or hydrochlorothiazide. Basdline charac-
terigticsof the patientsStrtified by treatment and genotypeare
shown in Table I. There were no significant differences be-
tween the genotypesin each treatment group.

Aswasprevioudy showninthe SILVHIA trid, 22 bothirbe-
sartan and atenolol progressively reduced LVMI; by 26 (p<
0.001) and 14 g/m? (p<0.001) (16 and 9%), respectively, at
Week 48, with agreater reduction intheirbesartan group (p=
0.024). Changeinblood pressureand LVMI at 48 weeks, strat-
ified by treatment and genotype, is shown in Table Il. The

TaBLE |  Basdinepatient characteristicsstratified by trestment and genotype

Irbesartan Atenolol

GIG G/CandC/C GIG G/CandC/C
(n=38) (n=5) pValue (n=40) (n=7) pValue
Age(years) 53.6(1.3) 53.2(3.1) 0.92 54.0(1.3) 52.0(3.0) 057
Sex (male/female) 22/16 32 0.93 25/15 6/1 0.24
BMI (kg/m?) 27.3(04) 255(19) 021 27.2(0.6) 279(1) 0.69
SBP(mmHg) 162.7(3.2) 163.8(9.0) 0.90 159.3(3.3) 1535(5.1) 0.49
DBP(mmHg) 1039(1.1) 107.4(2.6) 0.28 102.2(1.3) 102.8(2.9) 0.87
LVMI (g/m?) 150.7 (5.6) 147.9(9.4) 0.85 1425(3.9) 154.2(9.9) 0.27
Dose(mg) 245.8(12.5) 270.0(30.0) 050 67.3(4.2) 75.0(12.2) 050
Additional treatment (%) 61 60 0.98 58 29 0.16
Mean vaues+ standard error.

Abbreviations: BMI = body massindex, SBP = systalic blood pressure, DBP = diastolic blood pressure, LV MI =l ft ventricular massindex.
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TaBLE Il Blood pressureand left ventricular massindex change after 48 weeks stratified by trestment and genotype
Irbesartan Atenolol
GIG G/CandC/C GIG G/CandC/C
(n=38) (n=5) p\Vaue (n=40) (n=7) p\Vaue

SBP change (mmHg) —279(35) —29.2(85) 0.89 —215(25) —19.3(5.5) 0.74
DBP change (mmHg) —-185(1.4) —19.9(1.5) 0.73 —-15.8(1.3) -16.3(1.9) 0.88
LVMI change(g/m?)

- univariate —22.4(4.4) —46.1(12.0) 0.071 —135(34) —175(8.1) 0.65
LVMI change(g/m?)

- multivariate —222(2.6) —44.7(7.2) 0.007 -14.1(33) —139(8.3) 0.99
Mean vaues+ standard error.

Inthemultivariate model, adjustment was madefor age, gender, dose, basdline systolic and diastolic blood pressure (SBPand DBP) and LVMI,
changesin SBPand DBP, aswell asadditiona antihypertensive medication.

Abbreviationsasin Tablel.

blood pressure response was similar between the different
genotypesin each trestment group. Left ventricular massin-
dex change, however, depended markedly on genotypeinthe
irbesartan group. According to the multivariste moddl, regres-
sionof LVMI inthisgroup wasabout two-fold in patients car-
rying the C allele compared with patientswith the G/G geno-
typeat 48 weeks (—44.7 g/m2[7.2] vs. —22.2g/m2[2.6],p=
0.007). Inthe atenolol group, ontheother hand, LVMI change
did not differ between the genotypes.

Discussion

To our knowledge, thisisthefirst study to investigate the
impact of the TGF-B1 G + 915C polymorphism on responseto
antihypertensive treatment. Theresultssuggest thet the TGF-
B1 G + 915C polymorphismisrelated to the degree of reduc-
tion of LV mass during antihypertensive treatment with an
AT 1-receptor antagonist such asirbesartan. Hypertensive pa
tients who were carriers of the C-allele, which is associated
with low expression of TGF-B1, showed a two-fold greater
decreasein LVMI than subjectswith the G/G genotype. This
effect wasindependent of thereductioninblood pressure.

The involvement of TGF-B1 in cardiac complications of
hypertension hasbeen previoudy demonstrated. Our observa
tions further suggest that the G + 915C TGF-B1 polymor-
phism, presumably by influencing TGF-31 levels, may deter-
minetheeffect of irbesartan on LV mass.

In addition to achronicincreasein pressure and/or volume
overload, devationsin ACE activity and angiotensin 11 con-
centrations are believed to play amajor role in the develop-
ment of LV hypertrophy.2> 37 Thereis evidence that stimula-
tion of TGF-B1 production, viathe AT-receptor, isimportant
inits development. Blockade of the AT1-receptor by AT1-re-
ceptor antagoni sts has been proposed to be responsiblefor the
beneficia effectsof thisdrug classbeyond theblood pressure-
lowering activity, and decreased TG production may be
animportant mechanism.

Anincreased level of TGF-B1 hasbeen shownto bereated
to essential hypertensionand LV hypertrophy.1® Inthisstudy,
hypertensive patientswith the+ 915 GG genotype, which has
been associated with higher TGF-31 levels, showed a less
pronounced reduction of LVMI in response to irbesartan
treatment compared with those with the C dleleat thislocus.
A possible explanation might beaheavier load of TGF-B1in
the former. Even though betag-adrenoceptor blockers have
been shown to decreaseangiotensin || levels, wefound noin-
fluence of the TGF-31 genotypein the atenol ol group. Theef-
fect on the angiotensin |1 levels may be of lessimportance
than adirect blockade of AT1-receptors, thus making atheo-
retical influence of the TGF-B1 genotype impossible to dis-
cernonthislevel.

Themajor limitation of the present study isthe small num-
ber of subjects. The strength of the study, on the other hand,
is that the subjects represent a clinically well-characterized
group, randomized to treatment in aprospective, double-blind
trial. It would be of great interest to study the impact of this
SNPontheincidenceof cardiovascular endpointsduring AT -
receptor antagonist treatment inlarger trials.

Conclusions

Our findings suggest animpact of the G + 915C SNPinthe
TGF-B1 geneon LV mass reduction during antihypertensive
treatment with the AT1-receptor antagonist irbesartan, and
suggest that this polymorphism could be used to predict there-
sponsetothisdrug.
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