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Recommended Therapies:
•General measures as advised for Stages A and B
•Drug therapy for all patients

•Diuretics for fluid retention
•ACEI
•Beta-blockers

•Drug therapy for selected patients
•Aldosterone Antagonists
•ARBs
•Digitalis
•Hydralazine/nitrates

•ICDs in appropriate patients
•Cardiac resynchronization in appropriate patients
•Exercise Testing and Training

Stage C TherapyStage C Therapy
(Reduced LVEF with Symptoms)(Reduced LVEF with Symptoms)



N Engl J Med 2004; 350; 2140-50

EVENTS DESPITE THERAPYEVENTS DESPITE THERAPY



83% > 70 anni83% > 70 anni



PharmacogeneticsPharmacogenetics

LinksLinks differencesdifferences in gene in gene structurestructure ((inheritedinherited
polymorphismpolymorphism) ) toto drugdrug metabolismmetabolism and and responseresponse

GeneticGenetic
PolymorphismPolymorphism

DrugDrug metabolismmetabolism
& & responseresponse

((GenotypeGenotype)) ((PhenotypePhenotype))



GenomicGenomic variationvariation

Insertions/deletions

SNPs: Single Nucleotide polymorphisms and
Variable number tandem repeats



ExamplesExamples of of GenesGenes ImplicatedImplicated in in VariableVariable OutcomesOutcomes of of DrugDrug TherapyTherapy in in 
CardiovascularCardiovascular MedicineMedicine

Roden DM. Cardiovascular pharmacogenomics. Circulation. 2003;108: 3071–3074



GeneticGenetic polymorphismpolymorphism and HF and HF therapeuticstherapeutics

Gene          Polymorphysm       Functional significance        Potential  Therapeutic          
Influence

RAAS ACE                            D/I                    ACE D higher ACE activity                        ACE inhibitors
and Ang II levels                                    Beta blockers

Aldosterone Synthase      Promoter -344 T/C               -344C higher transcriptional                       ACE inhibitors
(CYP11B2)                                          activity and aldosterone                   Aldosterone receptor

production                                             antagonist

β adrenergic β1AR                     Arg389Gly                           Arg: ↑adrenergic signal                               β blockers
Receptors

β1AR                       Gly49Ser                       Gly: enhanced down  regulation                        β blocker

β2AR                       Gly16Arg Gln27Gly              Receptor down regulation                           β blockers

α adrenergic
receptor  α2C receptor        α2C deletion                         Deletion: ↓uptake of norepinephrine              β blockers
signaling

Nitric oxide Endothelial NOS
(NOS3)                Asp298Glu          Asp: associated with lowerNOS3 activity                   ACE inhibitor



WhyWhy isis clinicalclinical applicationapplication of of pharmacogeneticspharmacogenetics
importantimportant??

% % ptspts withwith < < therapeutictherapeutic effecteffect

AngiotensinAngiotensin 2 Antagonists 2 Antagonists 1010--25%25%
ACE inhibitorsACE inhibitors 1010--25%25%
BetaBeta--blockersblockers 1515--25%25%
BetaBeta--22 adrenergicadrenergic agonistsagonists 4040--70%70%



ReninRenin––angiotensinangiotensin––aldosterone system and polymorphismsaldosterone system and polymorphisms



AngiotensinAngiotensin Enzyme ConvertingEnzyme Converting
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ACEIs are recommended for all patients with current 
or prior symptoms of HF and reduced LVEF, 
unless contraindicated. 

Routine combined use of an ACEI, ARB, and aldosterone
antagonist is not recommended for patients with 
current or prior symptoms of HF and reduced LVEF. 





Relationship between
angiotensin-converting enzyme
(ACE) genotype
(insertion/deletion [I/D] 
polymorphism) and ACE 
inhibition on end-systolic
volume index (ESVI) in patients 
who received either captopril or 
placebo after thrombolysis for a 
first anterior myocardial
infarction. After 1 year, 
patients with the DD ACE 
genotype developed
significant ventricular
dilatation, which was
effectively blunted by
captopril (*P< 0.05). 

CaptoprilCaptopril after after ThrombolysisThrombolysis StudyStudy (CATS)(CATS)

Pinto YM, et al J Am Coll Cardiol 1995; 25: 1622-6.



TransplantTransplant--freefree survivalsurvival comparedcompared byby ACE ACE genotypegenotype.. TransplantTransplant--freefree survivalsurvival byby ACE ACE genotypegenotype. . PatientsPatients
notnot treatedtreated withwith bb--blockersblockers at time of at time of studystudy entryentry

TransplantTransplant--freefree survivalsurvival comparedcompared byby bb--blockerblocker useuse
forfor patientspatients withwith ACE DD ACE DD genotypegenotype onlyonly

TransplantTransplant--freefree survivalsurvival byby ACE ACE genotypegenotype. . PatientsPatients
receivingreceiving bb--blockerblocker therapytherapy,,

CirculationCirculation. 2001;103:1644. 2001;103:1644--1648.)1648.)







Circulation. 2005;111:3374-3383

Cox proportional hazard ratios and 
95% CIs for ACE DD genotype vs ID 
and II genotype group.



Madlaina Scharplatz, Milo A Puhan, Johann Steurer,Annalisa Perna and Lucas M BachmannCurrent  Controlled Trials in Cardiovascular Medicine 2005, 6:16



Addition of an aldosterone antagonist is recommended in selected 
patients with moderately severe to severe symptoms of 
HF and reduced LVEF who can be carefully monitored for 
preserved renal function and normal potassium concentration. 
Creatinine should be less than or equal to 2.5 mg/dL in men or 
less than or equal to 2.0 mg/dL in women and potassium should 
be less than 5.0 mEq/L. Under circumstances where monitoring 
for hyperkalemia or renal dysfunction is not anticipated to be 
feasible, the risks may outweigh the benefits of aldosterone
antagonists. 

Routine combined use of an ACEI, ARB, and aldosterone
antagonist is not recommended for patients with current or 
prior symptoms of HF and reduced LVEF. 

AldosteroneAldosterone AntagonistsAntagonists
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AldosteroneAldosterone AntagonistAntagonist

RR = 0.70, P<0.001RR = 0.70, P<0.001
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CYP11B2 Gene CYP11B2 Gene PolymorphismPolymorphism

KupariM,etal.Circulation. 1998;97:569-575

• Polymorphism in the promoter area i.e. 
transcriptional regulatory region• The nucleotide in -344 position can be either
cytosine (C) or  thymidine (T)

• Three CYP11B2 genotypes:
-344CC, 
-344CT, 
-344TT



Genotype frequencies for the aldosterone synthase (CYP11B2) 344 T/C polymorphism in the white heart failure 
cohort in the GRACE trial and the African American heart failure cohort from GRAHF substudy.
The prevalence of the T allele is significantly higher (p < 0.001) in African Americans.

D Mc Namara et al.,J Am Coll Cardiol 2006;48:1277– 82)

C C alleleallele associatedassociated withwith
>>AldosteroneAldosterone levelslevels



Impact of therapy with isosorbide dinitrate
and hydralazine (I/H) on outcomes in HF

Change in quality-of-life scores

D Mc Namara et al.,J Am Coll Cardiol 2006;48:1277– 82)

AldosteroneAldosterone SynthaseSynthase polymorphisms polymorphisms 
might alter might alter responseresponse to to drugsdrugs thatthat
modifymodify the the aldosteronealdosterone pathwaypathway



AngiotensinAngiotensin Receptor Blockers (Receptor Blockers (ARBsARBs))
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ARBs approved for the treatment of HF are recommended 
in patients with current or prior symptoms of HF and 
reduced LVEF who are ACEI-Intolerant.

ARBs are reasonable to use as alternatives to ACEIs
as first-line therapy for patients with mild to 
moderate HF and reduced LVEF, especially for 
patients already taking ARBs for other indications. 







SILVHIA (SILVHIA (SwedishSwedish irbesartanirbesartan LV LV hypertrophyhypertrophy
investigationinvestigation vsvs atenololatenolol) trial) trial

Hallberg P, et al. J Hypertens 2002;20:2089.



Deleterious Effects ofDeleterious Effects of NorepinephrineNorepinephrine
in CV Diseasein CV Disease

↑↑ Levels ofLevels of norepinephrinenorepinephrine

NegativeNegative cardiac effectscardiac effects NegativeNegative renal effectsrenal effects

Sodium retentionSodium retention
Cardiac injuryCardiac injury
HypertrophyHypertrophy
ArrhythmiasArrhythmias

Disease progressionDisease progression

αα11ββ11ββ11 ββ22 αα11

NegativeNegative vascular effectsvascular effects

VasoconstrictionVasoconstriction

αα11

ActivationActivation
of RASof RAS

Injury to the heart (Injury to the heart (egeg, MI, HTN, DM), MI, HTN, DM)



Representation of a synaptic gap with
the main components of the cardiac
adrenergic signaling. Release of 
norepinephrine is regulated by
presynaptic a2c-adrenergic 
receptor (AR). After being released, 
norepinephrine binds to ß-AR, that
are G-protein-coupled
transmembrane receptors. On 
binding to ligands, the stimulatory
G-protein (Gs) activates
adenylate cyclase and the 
inhibitory G-protein (Gi) 
reduces its activity. Both ß1-
and ß2-AR are normally
coupled to Gs protein, but ß2-
AR may also couple to Gi. The 
stimulation and function of these
receptors modulate effector molecules
responsible for regulating
cardiomyocyte contraction and 
hypertrophy.



Beta-blockers (using 1 of the 3 proven to reduce mortality, 
i.e., bisoprolol, carvedilol, and sustained release 
metoprolol succinate) are recommended for all stable 
patients with current or prior symptoms of  HF 
and reduced LVEF, unless contraindicated. 

BetaBeta--BlockersBlockers
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Chronic Heart Chronic Heart 
FailureFailure

ββblockersblockers

responderresponder nonnon--responderresponder

CAUSECAUSE
Plasma Concentration  Plasma Concentration  

of of ββ blockerblocker

Function of Function of Target Target 
MoleculesMolecules of of ββ blockerblocker

PolymorphismsPolymorphisms
AR and Target MoleculesAR and Target Molecules

PolymorphismsPolymorphisms
Drug Metabolizing EnzymeDrug Metabolizing Enzyme





CYP2D6*1 and *2
alleles code for
normal enzyme
activity (EM)



Journal of Clinical Pharmacology, 2004;44:447-456

1. CYP2D6*1 and *2 
alleles code for normal
enzyme activity (EM)

2. 20 variant alleles, 
including CYP2D6*4 
and *5, code for null
enzyme activity (NM)

3. CYP2D6*9, *10 (which 
includes *10A, *10B, 
and *10C), *17, *36, 
and*41 variant alleles 
code for decreased
enzyme activity (PM)

4. Gene duplication 
resulting in extra copies 
classified as ultra-
extensive metabolizers
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JeanneJeanne MialetMialet PerezPerez etet al. Nature Medicine al. Nature Medicine 9, 1300 9, 1300 -- 1305 (2003)1305 (2003)

Beta 1Beta 1--adrenergic adrenergic receptorreceptor
polymorphismspolymorphisms confer  confer  
differentialdifferential functionfunction and and 
predispositionpredisposition toto heartheart
failurefailure

P<0,02P<0,02

224 224 ptzptz

….hemodynamic ….hemodynamic responsesresponses to   to   
betabeta --receptorreceptor blockadeblockade werewere
greatergreater in Arg389 in Arg389 micemice, and , and 
homozygosityhomozygosity forfor Arg389 Arg389 waswas
associatedassociated withwith improvementimprovement in in 
ventricularventricular functionfunction duringduring carvedilolcarvedilol
treatment in treatment in heartheart failurefailure patientspatients. . 

•Arg homozygous demonstrate
increased efficacy of b-AR 
agonists by 3-4 fold
• increased myopathic potential



MERIT-HF Study Group. Eur J Heart Fail 2003;5:463

MetoprololMetoprolol CR/XL 200 mg/d CR/XL 200 mg/d vsvs placeboplacebo

MERITMERIT--HF HF substudysubstudy



Liggett S. B. et.al. PNAS 2006;103:11288-11293

Death and hospitalization

70%51%Gly carriers

30%49%Arg homozygotes

20%9%Gly homozygotes

50%42%Heterozygotes

BlacksWhites

BEST BEST SubstudySubstudy



54794453493Total

25842216257Bucindolol group (n = 515)

28952237236Placebo group (n = 525)

Gly
Carriers

Gly
Homozygous

Arg/Gly
Heterozygous

Arg
Homozygous

0.250.67-1.110.87.0040.50-0.880.66Combined

0.290.64-1.150.86.0060.46-0.880.64Death + hospitalizations

0.570.62-1.300.90.020.40-0.960.62Death

P95% CIHRP95% CIHR

Gly389 CarriersArg389 Homozygous

Bucindolol vs Placebo

BEST BEST SubstudySubstudy



Am J Cardiol 2008;102:726 –732

HF-related survival according to the 1-Arg389Gly polymorphism and use and dosage of beta 
blockers (BB)



ββ1AR Ser49Gly and Risk 1AR Ser49Gly and Risk of of deathdeath or or 
cardiac cardiac transplantationtransplantation

Ser49Gly variant (n=61)

wild type gene (n=123)

Bo¨ rjesson M et al. European Heart Journal (2000) 21, 1853–1858



ββ11AR Ser49Gly and Risk AR Ser49Gly and Risk of of deathdeath or cardiac or cardiac transplantationtransplantation forfor
patientspatients withwith HF HF accordingaccording toto the the useuse of betaof beta--blockersblockers

00 11 22 33 44 55

2020

4040

6060

00

pp = 0.016= 0.016

pp = 0.12= 0.12

FollowFollow--up (years)up (years)

R
is

k 
of

 e
nd

R
is

k 
of

 e
nd

-- p
oi

nt
 (

po
in

t 
( ％％

)) △△

▲▲

☆☆

Ser49 Ser49 homozygoteshomozygotes without bwithout b--blockers (n=63)blockers (n=63)

Gly49 variant without bGly49 variant without b--blockers (n=28) blockers (n=28) 

Ser49 Ser49 homozygoteshomozygotes with bwith b--blockersblockers (n=59)(n=59)

Gly49 variant Gly49 variant with bwith b--blockersblockers (n=33) (n=33) 

△△

▲▲

☆☆

★★

★★

ββ--blocker is more effectiveblocker is more effective
in Patients within Patients with GlyGly alleleallele

Increased down regulationIncreased down regulation Bo¨ rjesson M et al. European Heart Journal (2000) 21, 1853–1858





Stephen B. Liggett et al. J. Clin. Invest.1998. 102:1534–1539.

AlleleAllele frequencyfrequency <1%<1%



Kaye, DM, et alKaye, DM, et al PharmacogeneticsPharmacogenetics　　(2003) 13(2003) 13；；379379--382382

ResponderResponder；； Improved LVEF by 10% Improved LVEF by 10% 
Improved FS   by 5%Improved FS   by 5%

Ratio of RespondersRatio of Responders

GlnGln//GlnGln

GlnGln//Glu  GluGlu  Glu//GluGlu

26%26%

62%62%

Gln27Glu is a potential determinant for Gln27Glu is a potential determinant for 
the response tothe response to carvedilolcarvedilol in heart failurein heart failure

Decreased down regulationDecreased down regulation

ββ22AR Gln27GluAR Gln27Glu adrenergicadrenergic receptor receptor 
polymorphismpolymorphism



Mortality of Patients Receiving Beta-Blocker Therapy by 

ADRB2 79 C to G= Genotype ( Gln27Glu)
Mortality of Patients Receiving Beta-Blocker Therapy by 

ADRB2 46 G to A= Genotype (Gly16Arg)

David E. Lanfearetet al al JAMA. 2005;294:1526-1533

GlnGln//GlnGln ArgArg//ArgArg



Mortality of 
Patients
Receiving
Beta-Blocker
Therapy 
by ADRB2 
Composite 
Genotype

David E. Lanfearetet al al JAMA. 2005;294:1526-1533

ArgArg//ArgArg--GlnGln//GlnGln



OddsOdds ratio (ratio (ORsORs) ) forfor heartheart failurefailure adjustedadjusted forfor ageage and sex and 95% and sex and 95% confidenceconfidence
intervalsintervals (95% CI) (95% CI) accordingaccording toto b1b1-- and b2and b2--adrenoceptor adrenoceptor genotypesgenotypes

CovoloCovolo L L etet al.al.EuropeanEuropean HeartHeart Journal (2004) 25, 1534Journal (2004) 25, 1534––15411541



αα2C2CDel322Del322--325325
Decreased Function in vitroDecreased Function in vitro

ββ１１Arg389GlyArg389Gly
IncreasedIncreased

Function in vitroFunction in vitro

These two polymorphism of receptors act These two polymorphism of receptors act 
synergistically tosynergistically to increase the risk  of heart failure in increase the risk  of heart failure in 
black.black.

healthyhealthyCHFCHF

??????

0.110.11

0.620.62

Allele frequencyAllele frequency

??????

0.040.04

0.410.41

WhiteWhite

YellowYellow

BlackBlack

αα2c 2c AR Del322AR Del322--325325

Heart failure and Polymorphism ofHeart failure and Polymorphism of αα2c2c ARAR

N N EnglEngl J Med (2002) 347, 1135J Med (2002) 347, 1135--4242



GRK2
– predominant function in the acute regulation of β-AR signaling
– No nonsynonymous polymorphism

• GRK5
– more important for chronic regulation of β-AR signaling
– 4 nonsynonymous polymorphism at cDNA nucleic acid position 122 
(A/T), 840 (G/A), 1274 (C/T) and 1624 (C/G)
→ amino acid change at residues 41 glutamine
to leucine (GRK5-Glu41Leu variant)
– Allele frequency >2% (African American 
GRK5-Leu41 41%)

DownregulationDownregulation of of ββ--AR AR signalingsignaling



““EnhancedEnhanced ββ--AR AR desensitizationdesensitization of of excessiveexcessive catecholaminecatecholamine signalingsignaling byby GRK5GRK5--Leu41 Leu41 
providesprovides a a ‘‘geneticgenetic ββ--blockadeblockade’’ thatthat improvesimproves survivalsurvival in in AfricanAfrican AmericansAmericans withwith heartheart
failurefailure, , suggestingsuggesting a a reasonreason forfor conflictingconflicting resultsresults of of ββ--blockerblocker clinicalclinical trialstrials in in thisthis
populationpopulation””

GRK5GRK5--Leu 41Leu 41GRK5GRK5--Glu 41Glu 41



J Am Coll Cardiol 2008;52:644–51



ResultsResults of of GeneticGenetic StudiesStudies in betain beta--blockerblocker––Treated Treated 
Heart Failure Patients With Survival End PointsHeart Failure Patients With Survival End Points

J Am Coll Cardiol 2008;52:644–51



Digitalis can be beneficial in patients with current 
or prior symptoms of HF and reduced LVEF to 
decrease hospitalizations for HF. 

DigitalisDigitalis
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FunctionalFunctional ConsequencesConsequences of of GeneticGenetic PolymorphismsPolymorphisms in the in the 
HumanHuman PP--GlycoproteinGlycoprotein TransporterTransporter Gene Gene ABCB1 ABCB1 (or (or MDR1MDR1))



AUC Cmax

Br J Clin Pharmacol 60 :2 159–171 159, 2005

Conclusions …..meta-analysis of available studies indicates that the synonymous MDR1 C3435T 
SNP does not affect the pharmacokinetics of digoxin and the expression of MDR1 mRNA.



Circ Heart Fail 2008;1;58-62



AmpliChip® CYP450 Test
The first FDA cleared microarray



Susan Mayor, BMJ 2007;334;452-453
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