
"Stem cells" from bone marrow 
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Is it true plasticity? It might be, 
but there are other possibilities… 





Transgenic mice in which the cardiac-specific MHC promoter drives the expression 
of a nuclear beta-gal 

A rare GFP cardiomyocyte in the peri-infarct region, after BMT (MHC staining) 
and a single rod-shaped enzymatically dispersed cardiomyocyte 



Proteins replacing missing cellular functions 
Proteins modulating cellular functions 
Proteins regulating cell survival 
Proteins activating the immune system 
Antibodies and intracellular antibodies 

Therapeutic nucleic acids 
Protein-coding cDNAs 

Small, non-coding 
DNAs and RNAs 
Oligonucleotides and modified oligonucleotides 

Phosphorothioate oligonucleotides 
2' ribose-modified oligonucleotides 
Locked Nucleic Acids (LNA) and Ethylene 
Bridged Nucleic Acids (ENA) 
Morpholino (PMO) 
Peptide Nucleic Acids (PNA) 

Catalytic RNAs and DNAs (ribozymes and 
DNAzymes) 
Small regulatory RNAs (siRNAs, shRNAs, microRNAs) 



Screening for cardiomyocyte proliferation using a library 
of microRNA mimics 
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40 human miRNAs increase both 
rat and mouse cardiomyocyte 
proliferation 
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Intracardiac injection of the 
miRNAs increasing 
cardiomyocyte proliferation 
in the newborn rat heart 
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miRNAs increasing CM proliferation in vivo 



Effect of miRNA prolonged 
expression in vivo? 



miR-590 and miR-199a preserve 
myocardial function after MI 



miR-590 and miR-199a markedly 
reduce infarct size 

Masson Trichrome 
staining 



Mechanism? 



Identification of miR-590 and miR-199a 
target genes 



Functional analysis (IPA) of transcripts up- 
and down-regulated by hsa-miR-590-3p 

and hsa-miR-199a-3p 



Among the 641 genes downregulated 
by miR-590-3 and miR-199a-3p are: 

Myomesin	1	(Myom1)	
Myomesin	2	(Myom2)	
Myosin	light	polypeptide	4	(Myl4)	
Nebulin-related	anchoring	protein	(Nrap)	
Myosin	IB	(Myo1b)	
Titin	(Ttn)	
Troponin	T1,	skeletal	slow	(Tnnt1)	
Troponin	T2	cardiac	(Tnnt2)	
Cofilin2	(Cofilin2)	
Dynamin1-like	(Dnm1l)	
Ankyrin	repeat	domain	52	(Ankrd52)	
Nebulette	(Nbl)	



What	about	large	animal	models?	



Open chest MI model  
in farm pig 	



AAV6-miR-199a reduces infarct size after MI 

3-month-old	
farm	pig		

MRI	

AMI	and	
AAV6-
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injection	

MRI	

Sacrifice	
and	tissue	
collection	
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MiR-199a induces the 
expression of 
dedifferentiation 
markers 




