
Cardiomyocytes are the source of the regenerating tissues and 
expressed a marker of regeneration called gata4—a transcription factor 
involved in normal development of the heart



Markers of early cardiac development are 
not up-regulated during heart 
regeneration 

notch1b and deltaC are up-regulated 
during heart regeneration but not in the 
developing heart 

msxC and msxB are expressed in the 
regenerating heart but not in 24- to 48-hpf 
embryos. However, both genes are expressed 
after removal of 50% of the developing heart 

Heart regeneration in zebrafish is 
accompanied by up-regulation of 
components of the Notch 
pathway, followed by members of 
the Msx family. These genes are 
not expressed during zebrafish 
heart development, indicating that 
regeneration involves the 
execution of a specific genetic 
program, rather than 
redeployment of a developmental 
program. 



Many different hypothesis for the BrdU labeling results: 
 
  

•  First, differentiated, contracting CMs in existing myofibers  
  could be stimulated to enter the cell cycle, divide, and reform  
  the apex.  
•  Second, regeneration could proceed through the recruitment  
  of undifferentiated progenitor cells that form new, proliferative  
  CMs.  
•  A third conceivable mechanism for the origin of regenerative  

  muscle is a chimera of these two mechanisms called  
  “dedifferentiation”, in which existing muscle would downregulate  
  contractile genes toward creation of undifferentiated or  
  poorly differentiated cells.  





Regenerated cardiomyocytes are 
derived from differentiated, pre-
existing cardiomyocytes 



Regenerating cardiomyocyte 
partially disassemble the 
contractile apparatus but not 
revert to an embryonic stage



Notch	receptors	are	upregulated	in	the	endocardium	
(Munch	et	al.,	2017;	Raya	et	al.,	2003;	Zhao	et	al.,	
2014)	and	epicardium	(Zhao	et	al.,	2014)	following	
ventricular	apex	amputation	(Raya	et	al.,	2003;	Zhao	
et	al.,	2014)	or	cryoinjury	(Munch	et	al.,	2017).	In	
both	models,	global	suppression	of	Notch	signaling	
impedes	cardiomyocyte	proliferation	and	induces	
scarring.		

Notch	signaling	supports	cardiomyocyte	
proliferation	by	dampening	myocardial	
Wnt	activity	during	zebrafish	heart	
regeneration	

Endocardial-specific	Notch	inhibition	dampens	
cardiomyocyte	proliferation	and	leads	to		
regenerative	failures	following	apex	amputation.	
Furthermore,	we	learned	that	the	secreted	Wnt	
antagonists,	Wif1	and	Notum1b,	are	significantly	
downregulated	in	Notch-suppressed	hearts,		
suggesting	that	Notch-mediated	Wnt	pathway	
suppression	is	required	to	enable	cardiomyocyte	
renewal.	



Notch	inhibition	
dampens	
cardiomyocyte	
proliferation		

Hyperactivation	of	Wnt	signaling	dampened	cardiomyocyte	proliferation	and	
blocked	heart	regeneration.		

Wnt	pathway	inhibition	partially	
rescued	the	myocardial	
proliferation	deficit	of	
endocardial-specific	Notch-
suppressed	hearts.	



What about mammals? 







•  Hearts of 1-day-old neonatal 
mice can regenerate after 
partial surgical resection, but 
this capacity is lost by 7 days 
of age.  

•  The regenerative response 
was characterized by 
cardiomyocyte proliferation 
with minimal hypertrophy or 
fibrosis.  

•  The majority of 
cardiomyocytes within the 
regenerated tissue originated 
from preexisting 
cardiomyocytes. 



Apical	resection	surgical	model	

(Mahmoud	et	al.,	2014)	



Troponin	T	
BrdU	

Newly	formed	cardiomyocytes	
(Porrello	et	al.,	2011)	



(Porrello	et	al.,	2011)	

Which	cells	do	they	derive	from	?	
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