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Adrenergic Excess, hNET1 Down-Regulation, 

and Compromised mIBG Uptake 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

Myocardial oxigen consumption (J Mol Cell Cardiol 1985);

Cardiac interstitial fibrosis (Eur J Pharmacol 2004);

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 (NEJM 1991);

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

Renal and peripheral vascular resistance (JACC 2009);

+

-

β-blockers



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



The α2A-AR is the main presynaptic inhibitory autoreceptor in the CNS, lowering sympathetic

outflow/BP in response to α2-AR agonist drugs and, along with the α2C-AR, inhibits NE release

in mouse atria (Hein et al., 1999, Nature 402:181–184). α2-ARs are responsible for the

autocrine feedback inhibition of CA release from the adrenal gland (Brede et al., 2003, Mol.

Endocrinol. 17:1640-1646).

α2ARs 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).



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

Adrenal GRK2 upregulation mediates sympathetic overdrive 

in heart failure
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Desensitization of α2ARs in HF                                                     

rat adrenal-derived chromaffin cells
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HF rat chromaffin cells

-10

0

10

20

30

40

50

Nicotine UK14304+Nicotine

E
p

in
e

p
h

ri
n

e
 s

e
c

re
ti

o
n

(%
 o

v
e

r 
b

a
s
a

l)

*

#

*

#

GFP

bARKct

*, p<0.05 vs. 

UK14304+Nicotine-

GFP, p<0.01 vs. 

Nicotine-bARKct,  #, 

p<0.05 vs. Nicotine-

GFP,    n=9

βARKct restores adrenal α2AR-induced CA secretion 

inhibition in HF rats
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Lymperopoulos , Rengo et al. Mol Ther 2008

Adrenal GRK2 upregulation mediates sympathetic 

overdrive in heart failure
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*, p<0.05, compared to AdGFP, ^, 

p<0.05, compared to AdGFP, **, 

p<0.05, compared to AdGRK2
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Gallein Reduced Plasma CAs and adrenal Hypertrophy,                     

and restores α2-AR feedback inhibition of CA release

Kamal FA et al. JACC 2014.
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GRK2 regulates adrenal α2-AR-CA production axis 

in human chromaffin cells

Rengo G et al. Unpublished data
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Kamal FA et al. JACC 2014

Gallein reduces CA secretion and normalizes α2-AR feedback 

inhibition in pheochromocytoma human adrenal medulla
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Age-related alterations of adrenal GRK2-α2-adrenergic receptor-

catecholamine production axis

GRK2

GAPDH

Rengo G et al. Unpublished data
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Rengo G et al. Unpublished data

α2-adrenergic receptor responsiveness in adrenal chromaffin cells 

extracted from young and old rats

*, p<0.05, vs. Nicotine

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

1 2

Nic

UK+Nic

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

1 2

Nic

UK+Nic

E
p

in
ep

h
ri

n
e 

se
cr

et
io

n
 

(%
 o

v
er

 b
as

al
)

N
o

re
p
in

ep
h

ri
n

e 
se

cr
et

io
n

 

(%
 o

v
er

 b
as

al
)

Young
Young Old Young Old

*
*



Rengo G et al. Unpublished data

Effects of GRK2 inhibition on α2-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

• Cardiac β-AR dysregulation is strictly related to SNS 

overdrive

• Adrenal medulla seems to play a relevant role in the 

determination of CA circulating levels

• GRK2-mediated α2-adrenergic receptor dysfunction 

is a crucial mechanism of SNS overdrive in HF

• GRK2 regulates CA realease also from human 

chromaffin cells

• GRK2 inhibition in chromaffin cells extracted from old 

rats resulted in enhanced α2-AR responsiveness and 

reduced CA release
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