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• Dead cardiomyocyte are

gradually replaced by

fibroblasts

Heart injury and regeneration

• The adult heart

regeneration rate is not

sufficient to replace lost

cardiomyocytes

• Myocardial infarction (MI)

remains the most common

cause of heart failure



Nature 2011 473, 326–335 

-to activate endogenous stem cells

differentiation

-to promote resident cardiomyocytes

proliferation by inducing them to re-

enter the cell cycle

Strategies to regenerate Heart:

Heart injury and regeneration

-to activate progenitors such as cardiac

stem cells (CSCs)



Semin Cell Dev Biol. 2019 

Neonatal heart regenerates after injury

Porrello et al. PNAS 2013 Porrello

et al. Science 2011

Lam  and Sadek. Circulation 2018

The majority of newly 

formed cardiomyocytes

are derived from 

Pre-existing 

cardiomyocytes



Cardiac features : neonatal vs adult

• cardiomyocytes are able to proliferate

then gradually stop proliferating and

exit the cell cycle (G0/G1 phase).

• cardiomyocytes are NOT able to

proliferate.

• cardiomyocytes are less differentiated.

• cardiomyocytes are differentiated.

• Cardiomyocytes can re-enter the cell

cycle and proliferate.

• Cardiomyocyte can re-enter the cell

cycle but not undergo cell division

(polyploidization and polynucleation).



J Cardiovasc PharmacolTM 2010;56:130–140

Metabolism: neonatal vs adult

Anaerobic metabolism Oxidative metabolism 

Glucose Fatty acids

Fetal/Immediate Newborn  Newborn (7 days old) Newborn (21 days old)/adult



In the failing heart there is a substantial

shift from fatty acid oxidation (FAO)

towards increased glucose metabolism

Metabolism in the failing heart

• fatty acids can no longer be

oxidized efficiently, leading to

intracellular accumulation of fatty

acids and their derivatives,

provoking lipotoxicity

• the oxidation of glucose is more

energy efficient than that of fatty

acids

• the generation of glycolytic ATP  in 

the cytoplasm is rapid and readily 

available for cell maintenance and 

protein synthesis. 

.



The preferential use of aerobic glycolysis offers several advantages to higly proliferation

cells concerning both bioenergetics and biosynthetic requirements

In proliferating cells energy substrate metabolism is characterized by high rates of

glycolysis even in the presence of adeguate oxigen.

Vander Heiden MG  Science 2009 

Metabolism and cell cycle



Cardiomyocytes proliferate in the

postnatal life and exit the cell

cycle between p3 and p5

becoming benucleated.

Cardiomyocytes exit cell cycle

and Switch their metabolism to

Fatty Acid β-Oxidation

Cao and Liccardo  et al.Front Cell Dev Biol. 2019 



Inhibition of Cardiomyocyte Fatty Acid β-Oxidation Enhances Glycolysis and Maintains 

the Ability of Cardiomyocyte to Proliferate in Infant Mice

Cao and Liccardo  et al. Front Cell Dev Biol. 2019 



Activation of Fatty Acid β-Oxidation Promotes Cell proliferation rate, Hypertrophic 

Growth and Binucleation

Cao and Liccardo  et al.Front Cell Dev Biol. 2019 

Overexpressing PPARalphaStimulating PPARalpha



Oxidative metabolism plays an important role in enhancing 

cardiomyocyte proliferation rate

Cao and Liccardo  et al.Front Cell Dev Biol. 2019 



Increased GRK2 is central to heart failure (HF) pathogenesis, via desensitization of

β-adrenergic receptors and loss of contractile reserve.

G protein-coupled receptor kinase (GRK2) is a serine/threonine kinase controlling

the function of most of GPCRs present on cardiomyocytes and is involved in

regulation of overall cardiovascular physiology.

barkct

βARKct, reduces the capability of GRK2 to induce dysregulation and

downregulation of β-adrenergic receptors increasing contractility.

GRK2 in the heart

Heart failurePhysiological condition
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GRK2 impaires glucose uptake following myocardial 

infarction 

Grk2 overexpression reduces glucose uptake  



Overexpression of GRK2 in cardiomyocytes increases superoxide levels and reduces 

cell respiration and beta oxidation in cardiomyocytes and in HF



βARKct increases proliferation and metabolic activity in cardiac progenitor cells



It is more than plausible to speculate that

GRK2 impairing oxidative metabolism

affects cardiac regeneration…..
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GRK2 induces lipid accumulation and lipotoxicity

GFP GRK2
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GRK2 binds to the AMPK α1 and

α2 catalytic subunits and

phosphorylates AMPK at Ser485,

leading to the inhibition of AMPK

Thr172 phosphorylation and its

inactivation.

Diabetologia. 2018 May;61(5):1180-1192. 
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GFP GRK2

GRK2

GAPDH

Grk2 reduces beta oxidation through AMPK inhibition 

GRK2 reduces beta oxidation



GRK2GFP

GRK2

pACC

GAPDH

Grk2 reduces beta oxidation through AMPK/ACC inhibition 

GRK2 reduces beta oxidation
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Glycolysis

GRK2 affects glycolitic rate



GRK2

CONCLUSION

proliferation

Cardiac regeneration 

?

Oxidative metabolism

AMPK
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