B-Adrenergic Signaling

IN Heart Failure




[3-Adrenergic Blockers in HF

British Heart Journal, 1975) 37, 1022-1036.

Effect of chronic beta-adrenergic receptor blockade
in congestive cardiomyopathy

F. Waagstein, A. Hjalmarson, E. Varnauskas, and I. Wallentin

From the Deparmment of Medicine 1, Division of Cardiclegy and Department of Clinical Pﬁ}lrl-ﬂfﬂ::;'. Sahlgren's
Horpiral, University of Géreborg, Sweden :

Adrenergic beta-blocking agents were given to 7 patients with advanced congestive cardicmyopathy who had
tachycardia af rést-(9& + 13 beats/min). The patiants were on beta-adrensrpic receplor blockade for 2 fo Iz
months (average 5.4 months). Ona patient was given alprenslol 5o myg ltvice daily and the other patients were
given practolol 50 fo 400 mg twice daily. Virus infection had occurred in 6 of the patients bafora the onset af
symptoms of cardiac disease. All patient; were in a steady state or were progresmvely deterioraling ot the
start of beta-adremergic receptor blockade, Conventional treatment with digitalis and diuretics was unaltered
or reduced during treatment with beta-blocking agents. An improvement was sesn in their chinical condition
shortly after admintstration of the drugs. Continued treatment resulted in gn increase in physical werking
capacily and g reduction of heart size,

Noninvasive fnvestigations including phonocardiogram, carotid pulse curve, apex cardiogram, and echo-
cardiogram showed improved veniricular function in all cases, The present study indicates that adrenergic
beta-blocking dgents can improve heart function in at least some patients with comgestive cardiomyopathy.
Furithermere, if is suggested that increared calecholamine activity may be an impertant factor for the develop-
ment of thil disease, as has been shown in amimal experiments.




Carvedilol

65% risk reduction in mortality
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Bisoprolol
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[3-Adrenergic Blockers

Clinical trials in HF

DRUG NYHA EFFECT starting dose target dose
MDC Metoprolol - - 5bid 50 bid
MERIT-HF Metoprolol  lII-IV ~ 35% 12.5-25 200
BEST Bucindolol 1I-IV  10% 3 100-200
CIBIS-II Bisoprolol  Il-IV  33%  1.25 10
Carvedilol US carvedilol 1I-ll 66%  6.25bid 25-50 bid
MOCHA Carvedilol - - - -
COPERNICUS cCarvedilol IV 35%  3.125bid 25 bid

COMET Carvedilol  lI-IV 3.125 bid 25 bid



[3-Adrenergic Blockers

Clinical trials in HF

Reduction of Risk

Mortality: 36% Hospitalizatio: 41%
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ACC/AHA PRACTICE GUIDELINES—FULL TEXT

ACC/AHA Guidelines for the
Evaluation and Management of Chronic
Heart Failure in the Adult

A Report of the American College of Cardiology/ American Heart Association
Task Force on Practice Guidelines (Committee to Revise the 1995 Guidelines
for the Evaluation and Management of Heart Failure)
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ESC Guidelines

Guidelines for the diagnhosis and treatment of Chronic
Heart Failure: full text (update 2005)

The Task Force for the diagnosis and treatment of CHF of the
European Society of Cardiology

Authors/Task Force Members: Karl Swedberg, Chairperson,*
Goteborg (Sweden) Writing Committee: John Cleland, Hull (UK), Henry Dargie,

Glasgow (UK), Helmut Drexler, Hannover (Germany), Ferenc Follath, Zurich
(Switzerland), Michel Komajda, Paris (France), Luigi Tavazzi, Pavia (ltaly),
Otto A. Smiseth, Oslo (Norway).



Recommended R-Blockers in HF

> W e

Bisoprolol
Metoprolol succinate CR
Carvedilol
Nebivolol



[3-Adrenergic Blockers



Sympathoadrenal system in HF

—— PNE < 400 pg/ml
- PNE 400-800 pg/mi

PNE > 800 pg/mi

'S
=
-
>
n
Y
o
>
=
.-a
®©
@]
(@)
S
ol

Elapsed Time in Months




LL
1
=
&
D
o
)
>
7))
'@©
-
o
©
qu
@)
-
e
Qv
Q.
&
>
)

{5 O} ywyBu

ALIAILDY NIN3Y
(D) uiwy/Byw Zopn Wy3d YINSY1d NVIQ3IW
8 8 8§ ®© o 2 T 35 o
| | | ] 1 | | | 1
St e e =
4 =
A
T T ppp—_— IR i, TN ———. Y —— l— p—— .
I —
e d

IIIIIIIIII L N 3L B L N L § §F N 0 N | 'III.IIL

"ASYMPTOMATIC"

| 1 1
2 § & & =8
(@) %
‘NOILIVHL NOILI3rS ‘ANIHH4INIdIHON

Y TINIIHLNAA L1437 YNSY1d NYId3

class (NYHA)

Functicnal



Sympathoadrenal system in HF

ik e e 1
R ’

. Apoptosis < B1
. Direct toxisity < B1, (B2)

4

Cell Death




Sympathoadrenal system in HF




Sympathoadrenal system in HF

norepinephrin:
norepinephrin:
B1- -
p2-
Gi
Gs
BARK



Pathophysiologic Effects of [3- Agonist

TContractility
TRelaxation THeart rate

TCardiac
Activation RAS dysfunction

TMyocyte TApoptosis
Necrosis

TMyocardial
.- O, demand
TVasoconstriction

T™Na/H,O retension TRemodeling




Mechanisms of [3-blockers in HF

L

Improve systolic function
Improve energetics
Reverse the remodeling

by
LHeart rate — {Oxygen consumption
I Systolic and diastolic wall stress
Shift utilization of FFA to glucose
Anti-arrythmogenic
Changed In gene expression



[3-Adrenergic system



[3-Adrenergic Receptor

- - Parasympathetlc
. ganglion
Parasym pathetc NS

Muscarinic
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_(AC Blood vessel
ptIC Glands
Visceral organ

Ach Nicotinic R Smooth m.
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(into circulation)

BRI ©.J Hornak




[3-Adrenergic Receptor
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Phosphorylationg

HR
Contractility

Glucogenesis
Gluconeogenesis Strength Lipolysis



[3-Adrenergic Receptor

Nerve ending

Epinephrine _
and norepinephrine §

- ﬂ.-'l ’
Beta adreneraic —>£77

blocking drugs

Beta adrenergic
Receptor

Myocardial

Tissue
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[3-Adrenergic Receptor Signal

p-Adrenergic receptor
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Which B-blocker Is better?

Which subtype, B1 or 2 ?
Inverse agonism ?




Bi-Adrencceptor B,-Adrenoceptor
pep-Adrenoceptor fqL-Adrenoceptor Polymorphisms  Agonists Antagonists
_ _ _ _ « Arg16Gly « Adrenaline « Carvedilol
Polymorphisms Agonists Antagonists Antagonists . GIn?7GIu « Noradrenaline  « (IC1118551)
= Serd9Gly * Noradrenaline = Carvedilol + Carvedilol « Thri64lle
« Gly389Arg + Adrenaline * Metoprolol * (Bupranclol)
* Bisoprolol
o, .~Adrenoceptor
o Polymorphism Agonists
O (4] o © Noradrenaline * Deletion of amino acids 322-325  « Noradrenaline
AC {) Adrenaline * Adrenaline
cAMP \
' !
PKA ﬁ T
& o
0, 2
0% o
1L AC [31H _____————_." TCEIE+
usuwsuﬁ ¢
CaMKlI
cAMP
FIsK ¢ Apoptosis
Reduction in contraction PKA

PKR (IC1118551-occupied 4'
B.-adrenoceptor)
¢ Phosphorylation of proteins
(e.9. L-type CaZ* channels, RY, channels
phospholamban, troponin |, C-protein)

Anti-apoptotic

—

Increased force of contraction,
hastening of relaxation,
increased probability of arrhythmias



[3-Adrenergic Receptor Blocker

GENERATION/CLASS K(B1) B1/B2 Bl /al
Propranolol 15Y/nonsel 4.1 2.1 -
Metoprolol 25YB1-sel 45 74 -
Bisoprolol 25YB1-sel 121 119 -
Carvedilol 3rd/B-vasod 4 7.3 2.4
3rd/B-vasod 5.8 1700 66
Bucindolol 3rd/B-vasoc 36 14 -




[31-Adrenergic Receptor Subtype

(1 subtype: Myocardial contractility

1 B2 subtype: Vascular SMC relaxation
* In human heart: both of 1- and 2-AR
(ratio of B1:82 = 70:30 )

B3 subtype: mainly expressed in adipose
tissue, some In cardiac myocyte)



[3-Adrenergic Receptor Subtype

Toxic effect on myocardium

e |n Heart Faillure

— B1 receptor number: decreased

— B2 receptor number: NOT changed
e In animal study

— B1 receptor over-expressed animal
— develop HF
— B2 receptor over-expressed animal

— enhanced contractility



Subtype - 31 vs 32

B1-AR B2-AR B3-AR
m L0
| [
Leia i S ﬁg E@
GRK \

Gs 4= G \
N NAAR

!w =— PDE/ Blak ﬁ
\ NOXious Benfitial
signal

signal

“Classical” “Non-classicay



Inverse agonism

Full Agonist Partial Agonist
La rg e Stl mu I us to Small stimulus to
. . cellular signaling
cellular signaling machinery
machinery l

¢ small effect

LARGE EFFECT

Typical Agonist Promoted Receptor Activation

Conformational change and

Inactive :
Receptor  \JOMst interaction with G proteins

it -l g

G-protein

Constitutively Active Receptor and an Inverse Agonist

Active conformation Inverse Inactive
in absence of agonist Agonist Receptor

AL A, Ay
B3 ¥ s




Inverse Agonism

Full agonist
>> Partial agonist
>> Neutral antagonist
>> Partial inverse agonist

>> Full inverse agonist



Ligand Affinity

Selectivity Inverse agonism Clinical data
Antagonist
Carvedilol non-selective/al neutral Good
Bisoprolol Bi-selective partial inverse agonist Good
Metoprolol pi-selective partial inverse agonist Good
Nebivolol Bi-selective neutral Good
Bucindolol non-selective/al Neutral
Xamoterol pi-selective Bad

Which combination?



Which beta-blocker Is better?

Carvedllol 50mg/d vs. Metoprolol 100mg/d
NYHA -1V, EF<35%

3029 randomised 857 Metaprolol
—Carvedilol
' g
' ' :
1511 assigned to carvediled | [1518 assigned to metoprolol =
and received at least and received at least T
one tablet one tablet 3,
10 withdrew consent - 18 withdrew consent E
3 lost to follow-up 2 lost to follow-up +*
Y Y
1511 assessaed for pimary | [1518 assessed for primary ‘
endpoints endpomnts Time (years)

Lancet. 2003 Jul 5;,362(9377):7-13



Which beta-blocker Is better?

407 - Matoprolol ’i,,-"'r All-cause mortality
——Carwediol _,ﬂ""; Carvedilol: 34%
. 30~ Metoprolol: 40%
£ U
g 20- Carvedilol better (?)
= s
10+ g
0= §?5
I I | T 1 £
0 1 2 3 4 B ;.
Namber at vink Tims ¥
Carvediil 1511 1366 1260 1155 1002 383 S
352 T e pears ’

Meicprolol 1518 1359 1234 1105

Lancet. 2003 Jul 5;362(9377):7-13



* Not use the dose or formulation of
metoprolol CR/XL that was shown to
prolong life (ie, MERIT-HF)

-Expert Opin Pharmacother. 2004;5:205-8

e Dosing regimen of metoprolol in the COMET
IS similar to the dose of carvedilol

-Card Fail. 2003 Dec;9(6):429-43



Beta-blocker

VS.
ACE Inhibitor




Treat risk factors
Avoid toxics

ACE-I in selected p.

Stages in the Evolution
of Heart Failure

5 tﬁ\CIi-i B Treatment
ockers

- L In selected
patients
ACE-i
> B blockers
Diuretics / Digitalis

Palliative therapy
gMech. Assist device
Heart Transplant




CONSENSUS 10-year follow-up

All randomized patients, original and follow-up

Mortality
1.0 4
0.9 4
0.8 4
0.7 4
0.6 4
0.5 4
0.4 4
0.3 4
0.2
0.1
0.0

— Placebo
— Enalapril

Eur Heart J 1999



Cumulative rate of survival

Angitensin Il in HF with ACEI Tx

0.9

0.8

0.7

0.6

0.5

0.4

\\

\W

Normal Ang Il

Ang |I>16pg/mL

P=0.0002

2 4 6 8 10 12



Mortality Rate
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(A) ACE inhibitors or angiotensin receptor blockers
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(D) First-generation calcium antagonists
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0.250

0225 4

0,200 1

0.175 1

0,150 1

0125

0,100 -

0075 4

0.050 1

0.025

a4

95% C| Predicted

Observed |
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ax 4

i o
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95% Cl Predicted
=
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(pre-RCT)
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Time (month-year)

Lee M, Mamdani M and et al. Am J Med. 2004;116:581-
589.




Fiscal 1992/1993 Fiscal 1999/2000 PValue

(95% Confidence Interval)

Beta adrenergic blockers 5.9 (3.9-7.9) 21.5(17.2-25.8) <0.001 =¥ -

(Calcium channel blockers* 21.3(19.7-22.9) 9.6 (7.8-11.4) <(.001

Digitalis preparations 48.6 (45.3-51.9) 34.5(29.8-39.2) <0.001 } ]

Antiarrhythmic agents’ 3.5 (2.1-4.9) 1.4 (0.6-2.2) <0.001

ACE inhibitors 57.8 (52.3-63.3) 59.1 (55.0-63.2) 0.2 }

ACE inhibitor or angiotensin receptor 57.8 (52.3-63.3) 61.7 (56.8-66.6) 0.001 -
blocker

Lee M, Mamdani M and et al. Am J Med. 2004:;116:581-589.



Which one first? (beta-blocker:ACEl)

Bisoprolol-first (QD)

25 g0 10.0mg
s 10.0mg Enalapril BID
g 375 20—
1.25
Bisoprolol QD Bisoprolol QD
First uptitration Maintenance pariod Second uplitration Second mainlenance period
22-100 weeks
L1 1 1 L1 1 1 1 1 L L1 1 __________l
|| || I || I || | | || | | | I || I I
week 0 2 4 & 8 10 26 28 30 32 34 36 Study end
1-2.5%years
* = yisits
sg T-5 10,0 mg
A 25 375
Enalapril-first (BID 1.25
Bisoprolol QD
25 50 10.00 myg P

Enalapril BID

Enalapril BID

First uptitration Maintenance perod Sacond uptitration Sacond maintenance period
16-94 weeks
1 I TN TN (N (NN NN (N NN I T T SR S p—
L I 1 ] I 1 I ] ] 1 ] ] I 1 I
= L = = - = . L] = L 3 - = - E = - L] L ] L S L -
week 0 2 4 & 8 10 26 28 30 32 34 3 Study end

1-2.5years

Eur J Heart Fail. 2004:;6:493-500



- CIBIS IlIl -

A Evert-fras
survival {%)

| | 1 1 ! ] i 1
Tima

Mumbers ] 3 5 0 12 15 18 |:"r‘|:|n|:h5:|
al riak

Enalagril-first 505 426 388 244 277 178 Th
Bisopralol-first 503 423 289 355 281 197 87

intention-to-treat sample: noninferiority P=0.019



- CIBIS IlIl -

B Evenl-free
survival [ %)

100

1 I I ! 1 1 ] _
Ima

Mumbers o 3 & 9 12 15 18  (months)
at risk

Enalapnl-first 458 400 353 318 258 167 73
Bisoprolokfrst 5032 401 A5G 323 =1 181 20

Per-protocol sample: noninferiority P=0.046



- CIBIS IlIl -

Although noninferiority of bisoprolol-first versus e
nalapril-first treatment was not proven in the
per-protocol analysis, our results indicate that
It may be as safe and efficacious to initiate treatm
ent for CHF with bisoprolol as with enalapril.



Modulation of 3-AR In HF

« Down-regulation
B-

e Desensitization

— Heterologous desensitization by PKC, PKA
— Homologous desensitization by PARK1, GRKS5



G Protein-coupled Receptor Kinases (GRKS)




B-Adrenergic Receptor
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G Protein-coupled Receptor Kinases (GRKS)

Kinase Substrate specificity  Localization

GRK1(RK) Rho >> BAR Retina

GRK2(BARKI) |BAR,m2R,aAR>Rho Heart,lung,brain

GRK3(BARKZ2) BAR,m2R,0AR>Rho,OIf  Brain>heart,lung

GRK4(/711) ? Testis
GRK5 BAR>mM2R,acAR>Rho Heart,lung>muscle

GRK6 BAR>RhO Brain,muscle>heart



- GRKs In Cardiac Hypertrohpy

—Choi DJ. J Biol Chem. 272(27):17223—9—
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Effect of B-blocker on BARK1

laccarino G, et al. Circulation 1998:98:1783-1789
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BARK1 in human Cardiac Hypertrophy

Original article 1025

Hypertensive left ventricular hypertrophy: relation to
p-adrenergic receptor kinase-1 (BARK1) in peripheral

lymphocytes

Sung-Ji Park?, Dong-Ju Choi¢ and Choong Won Kim®

Background Left ventricular hypertrophy (LVH) is
associated with increased cardiovascular risk and altered

sympathetic regulation in hypertension.

Objectives To determine whether the level of i-adrenergic
receptor kinase-1 (FARK1) in lymphocytes is related to
LVH in patients with hypertension.

Methods Forty-nine patients with untreated essential
hypertension were recruited to the study and classified
into two groups: left ventricular hypertrophy (LVH: left
ventricular mass index = 134 g/m? in men and =110 g/
m? in women; ages 52.4 = 12.8 years, n = 25) and non-LVH
{(NLVH: left ventricular mass index < 134 g/m? in men and
< 110 g/m? in women: ages 508 + 13.1 years, n = 24).

activity from LVH was enhanced 1.7-fold compared with
NLVH {(1.03 = 2.16 and 1.79 *+ 1.B7 pmol phosphate/min
per mg protein, respectively; P< 0.05, n =T for each
group).

Conclusions The concentration of BARK1 in lymphocytes
is greater in hypertensive individuals with LVH than in
those without LVH and parallels the degree of hypertrophy.
Generalized alterations in ff-adrenergic signalling,
including PARK1, could be a major contributory factor in
the development of LVH in hypertension, and the
concentration of BARK1 in lymphocytes can reflect the
development of LVH in a patient with hypertension.

J Hypertens 22:1025-1032 © 2004 Lippincott Williams &

Wilkins.
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BARK1 in human HF
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Elevated myocardial and lymphocyte GRK2 expression
and activity in human heart failure
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GRK2 in HE model (MLP knock-out)

A — Choi DJ and Rockman H. PNAS 1998:7000—-5
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Recent Update beta-blocker in HF

B-blocker should be considered in all HF.
1. NYHA FC lI-IV

Reduced LVEF

Stable, mild to severe HF

Ischemic or non-ischemic

On standard Tx: diuretis and ACEI

o bk W

Class | recommendation, evidence level A



Recent Update beta-blocker in HF

Recommended B-blocker in HF

1.
2.
3.
4

Class | recommendation, evidence level A

Carvedilo
Bisoprolo
Metoprolol succinate
Nebivolol




Future directions

1) Which beta-blocker is better? Or new one?
B1/B2, al, anti-oxydant, inverse agonism...

2) B-blocker prior to ACEI?
After CIBIS Il

3) Other than B-blocker for modulating p-AR
system?
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