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What are stem cells?



Reprogramming factors



iPS reprogramming has…

… no ethical issue compared to hES cells!



Human iPS cell derivation, differentiation
and applications

Adapted from Bellin et al., 2012



Differentiation of hiPSC in cardiomyocytes

conditions and assumptions:

 Differentiation of specific populations of CMs
(ventricular vs atrial vs nodal)

 Purified cardiac population

 Obtain mature (adult) hiPSC-CMs



Current methods for cardiac differentiation of 
hPSC

3D

2D

2D



Monolayer-based cardiac differentiation protocol

Adapted from Moreau et al., 2017
Sleiman et al., 2020





Purified beating syncytium from hPSC-CMs 

NKX2-5-GFP 
embryoid
bodies

SIRPA+- cell derived 
population



Metabolic sorting of hPSC-CMs



Metabolic sorting of hPSC-CMs



How mature are hPSC-derived CMs in the dish?



Comparison of action potentials 

hiPSC-CMs exhibit spontaneous automaticity!





Integration of HF hiPSC-CM in host cardiac tissue

Integrated hiPSC-CMs with rat CMs  



Integration of HF hiPSC-CM in host cardiac tissue

Integrated hiPSC-CMs with rat CMs



How to improve the maturity of

hiPSC-derived cardiomyocytes?



Stem cell maturation

Robertson et al., Stem cells, 2013



Developmental progression of cardiac myocytes



Stem cell maturation





Fatty acids improve the hPSC-CMs



Monolayer

Biocompatible polyethylene glycol (PEG) hydrogel arrays 
imitating the myocardial ECM and allowing formation of 
engineered cardiac tissue constructs.

Kim et al.,  PNAS 2010



Monolayer

Kim et al.,  PNAS 2010



Monolayer

Kim et al.,  PNAS 2010



Engineered heart tissues

Mannhardt et al., Stem Cell Report 2016



Engineered heart tissues

Mannhardt et al., Stem Cell Report 2016



Engineered heart tissues

Mannhardt et al., Stem Cell Report 2016



Engineered heart tissues

Mannhardt et al., Stem Cell Report 2016



Early-stage intensity-trained tissues



Ronaldson-Bouchard et al., Nature 2018

Early-stage intensity-trained tissues



Ronaldson-Bouchard et al., Nature 2018

Early-stage intensity-trained tissues



Ronaldson-Bouchard et al., Nature 2018

Early-stage intensity-trained tissues



Early- vs late-stage intensity-trained tissues

Early-stage intensity-trained tissues

Late-stage intensity-trained tissues

















Heart organoid formation in 3D culture



Heart organoids and cardiac cell lineage 
composition



Heart field development and cardiomyocyte 
specification in human heart organoids



Heart organoids recapitulate functional and 
structural features of the developing heart



Heart organoids recapitulate hallmarks of 
pregestational diabetes-induced congenital heart 

disease





Matrigel mattress

Feaster et al., Circ Res 2016



Matrigel mattress

 

Feaster et al., Circ Res 2016



Matrigel mattress

Feaster et al., Circ Res 2016



Matrigel mattress

 

Feaster et al., Circ Res 2016



Heart regeneration

3 conditions to reach:

 Derivation of CMs from hPSCs
 In vitro engineering and maturation of cardiac tissues
 Controllable cell delivery in the heart



Bioengineered approaches to myocardial 
regeneration





hiPSC-CM transplantation and survival of hosts



Improved EF after transplantation of hiPSC-CMs 



Improved heart function following hiPSC-CM 
transplantation



Attenuated cardiac remodeling following hiPSC-
CMs transplantation


