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Adrenergic Excess, hNET1 Down-Regulation,
and Compromised mIBG Uptake in Heart Failure

E ‘ ADMIRE-HF: AdreView Myocardial Imaging for
3 m Risk Evaluation in Heart Failure
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Sympathetic NS in Heart Failure
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Impact of aging on cardiac sympathetic innervation measured
by 123I-mIBG imaging in patients with heart failure
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SNS Hyperactivity

@ B-blockers
©,

Myocardial oxigen consumption (J Mol Cell Cardiol 1985);

Cardiac interstitial fibrosis (Eur J Pharmacol 2004); AN
Myocyte apoptosis (Cardiovasc Res 2004);

Adverse remodeling (Am J Physiol Heart Circ Physiol 2007);

Reduction of the inotropic reserve (NEJm 1982);

Myocardial ROS production (J cell Mol Med 2007);

Risk of arrythmias (NEim 1991);

Renin-angiotensin-aldosterone system (am J Physiol 1992);

Renal and peripheral vascular resistance Jacc 2009); V




Cardiac ANS
Nerve Terminal

Lymperopoulos A, Rengo G, Koch WJ. Circ Res 2013.



Am J Physiol Heart Circ Physiol 283: H1838-H1845, 2002.
First published July 26, 2002; 10.1152/ajpheart.01063.2001

Abnormal cardiac function associated with sympathetic
nervous system hyperactivity in mice
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Brum, Patricia C., Jon Kosek, Andrew Patterson,
Daniel Bernstein, and Brian Kobilka. Abnormal cardiac
function associated with sympathetic nervous system hyper-
activity in mice. Am J Physiol Heart Circ Physiol 283:
H1838-H1845, 2002, First published July 26, 2002; 10.1152/
ajpheart.01063.2001.—ap s-Adrenergic receptors (ARs) in the
midbrain regulate sympathetic nervous system aetivity, and
both azs-ARs and asc-ARs regulate catecholamine release
from sympathetic nerve terminals in cardiac tissue. Disrup-
tion of both azs- and azc-ARs in mice leads to chronically
elevated sympathetic tone and decreased cardiae function by
4 mo of age. These knockout mice have increased mortality,
reduced exercise capacity, decreased peak oxygen uptake,
and decreased cardiac contractility relative to wild-type con-
trols. Moreover, we observed significant abnormalities in the
ultrastructure of cardiac myocytes from azafezc-AR knock-
out mice by electron microscopy. Our results demonstrate
that chronic elevation of sympathetic tone can lead to abnor-
mal cardiac function in the absence of prior myocardial injury
or genetically induced alterations in myocardial structural or
functional proteins. These mice provide a physiologically
relevant animal model for investigating the role of the sym-
pathetic nervous system in the development and progression
of heart failure.

ag-adrenergic receptor; knockout mice; heart failure

and a progressive deterioration in cardiac function (4,
5, 9, 34). However, direct experimental evidence that
the sympathetic nervous system plays a predominant
role in the development of heart failure is lacking, and
there are no suitable murine models of heart failure
based on elevated sympathetic nervous system activity
without concomitant alterations of myocardial strue-
tural or functional proteins. Most murine models of
heart failure are based on the disruption of genes for
cardiac specific proteins (2) or the use of cardiac-spe-
cific promoters to overexpress proteing that disrupt
myocyte function (10, 12, 13, 15, 21, 33, 42). Whereas
these models have been used to test novel approaches
for the treatment of heart failure (17, 20, 25, 37, 38, 41,
43), they may not accurately reflect the pathogenesis of
this disorder in humans. Here we report a model of
heart failure based on the disruption of genes that
regulate sympathetic nervous system activity.

There are three as-adrenergic receptor (az-AR) sub-
types: asa, 0op, and wsc. az-ARs regulate the sympa-
thetic nervous system in several ways. aza-ARs in the
brain stem regulate sympathetic tone (1, 29), and both
oga-AR and apc-AR act as presynaptic autoreceptors
regulating catecholamine release in the murine atria
(18). We have previously reported that disruption of

The a,,-AR is the main presynaptic inhibitory autoreceptor in the CNS, lowering sympathetic
outflow/BP in response to a,-AR agonist drugs and, along with the a,--AR, inhibits NE release
in mouse atria (Hein et al., 1999, Nature 402:181-184). a,-ARs are responsible for the
autocrine feedback inhibition of CA release from the adrenal gland (Brede et al., 2003, Mol.
Endocrinol. 17:1640-1646).

a,ARs of cardiac sympathetic nerves and adrenal gland play an essential role in regulation of
SNS activity/outflow in HF (Brede et al., 2002, Circulation 106, 2491-2496, Brum et al., 2002,
Am. J. Physiol. Heart Circ. Physiol. 283, H1838-H1845, Small et al., 2002, N. Engl. J. Med.
347, 1135-1142).
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Adrenal GRK2 upregulation mediates sympathetic
overdrive in heart failure

Anastasios Lymperopoulos!?, Giuseppe Rengo!?, Hajime Funakoshi!, Andrea D Eckhart"® & Walter ] Koch!?

GRK2 ==

Actin  ==— —~—

B Epinephrine fb-@ ‘eg
E Norepinephrine Q}\ ° 70 -
>
= C
) ) - n © 60 -
0 jgg _ - % _ 300 . c 5
E 5 £ 250+ © £ 50 1
@ 350 1 o g o =
S = 300 25 200 T S 401
8 < 250 & & 150- S50 9 30+
© = 1501 g Z 1001 ¢ £ S
E 100 §° 50 5 g 10
@ 50 29‘1 0 < = 0
~ 0 Sham HF Sham  HF Sham

Lymperopoulos A, Rengo G et al Nat. Med. 2007



Desensitization of a,ARs in HF
rat adrenal-derived chromaffin cells
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BARKct restores adrenal a,AR-induced CA secretion
Inhibition in HF rats
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Adrenal GRK2 upregulation mediates sympathetic
overdrive in heart failure

Plasma levels
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Manipulation of adrenal GRK2 levels
modulates plasma CA level in vivo

Immunoblotting
in rat adrenals
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Gallein Reduced Plasma CAs and adrenal Hypertrophy,
and restores a2-AR feedback inhibition of CA release
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GRK2 regulates adrenal a2-AR-CA production axis
In human chromaffin cells
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Gallein reduces CA secretion and normalizes a2-AR feedback
Inhibition in pheochromocytoma human adrenal medulla
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Effects of age on cardiac function and inotropic reserve
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Age-related alterations of adrenal GRK2-a2-adrenergic receptor-
catecholamine production axis
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a2-adrenergic receptor responsiveness in adrenal chromaffin cells

extracted from young and old rats
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Effects of GRK2 inhibition on a2-adrenergic receptor
responsiveness in adrenal chromaffin cells extracted from old rats
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CONCLUSIONS

« SNS hyperactivity is a salient characteristic of chronic
HF and of physiological ageing

Adrenal chromaffin cell

 Cardiac B-AR dysregulation is strictly related to SNS
overdrive

- (blood circulation)
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» Adrenal medulla seems to play a relevant role in the
determination of CA circulating levels

« GRK2-mediated a2-adrenergic receptor dysfunction o VI o
Is a crucial mechanism of SNS overdrive in HF R e e B
“1%e j
* GRK2 regulates CA realease also from human D crcommmngesis
chromaffin cells 2 ('
. . ] . ‘\718 mpatholytic
« GRK2 inhibition in chromaffin cells extracted from old hronic heart falure effoct”

rats resulted in enhanced a2-AR responsiveness and
reduced CA release
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