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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 , 2012



Differentiation of hiPSC in cardiomyocytes

conditions and assumptions:

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

ü Purified cardiac population

ü Obtain mature (adult) hiPSC-CMs



Current methods for cardiac differentiation of 
hPSC

3D

2D

2D



Monolayer-based cardiac differentiation protocol

Adapted from Moreau , 2017
Sleiman , 2020





Purified beating syncytium from hPSC-CMs 

NKX2-5-GFP 
embryoid

bodies

SIRPA+- cell derived 
population
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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 , Stem cells, 2013



Developmental progression of cardiac myocytes



Stem cell maturation
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Metabolic Maturation Media Improve Physiological
Function of Human iPSC-Derived Cardiomyocytes

Graphical Abstract

Highlights

d We developed a defined maturation medium for hiPSC-CMs

d The media improve electrophysiological and mechanical

characteristics of hiPSC-CMs

d The media improve the fidelity of disease modeling
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In Brief

Physiological immaturity of iPSC-derived

cardiomyocytes limits their fidelity as

disease models. Feyen et al. developed a

low glucose, high oxidative substrate

media that increase maturation of

ventricular-like hiPSC-CMs in 2D and 3D

cultures relative to standard protocols.

Improved characteristics include a low

resting V , rapid depolarization, and

increased Ca dependence and force

generation.



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 ,  PNAS 2010



Monolayer

Kim ,  PNAS 2010



Monolayer

Kim ,  PNAS 2010



Brief UltraRapid Communication

Matrigel Mattress 
A Method for the Generation of Single Contracting Human-Induced 

Pluripotent Stem Cell–Derived Cardiomyocytes

Tromondae K. Feaster, Adrian G. Cadar, Lili Wang, Charles H. Williams, Young Wook Chun,  
Jonathan E. Hempel, Nathaniel Bloodworth, W. David Merryman, Chee Chew Lim,  

Joseph C. Wu, Björn C. Knollmann, Charles C. Hong



Matrigel mattress

Feaster , Circ Res 2016



Matrigel mattress

Feaster , Circ Res 2016
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Matrigel mattress

Feaster , Circ Res 2016



Matrigel mattress

 

Feaster , Circ Res 2016



Engineered heart tissues

Mannhardt , Stem Cell Report 2016



Engineered heart tissues

Mannhardt , Stem Cell Report 2016

Figure 2. Histological Evaluation of
hiPSC-EHTs
(A) Representative still view of a living EHT.
(B) Longitudinal section stained with H&E.
(C) Cross section stained for dystrophin.
(D) Longitudinal section stained for MLC2v.
(E) Whole-mount immunofluorescence
confocal microscopic section of EHT stained
with DRAQ5 (nuclei, blue) and a-actinin
(green).
(F) Confocal analysis of hiPSC-CM cultured
in 2D for 30 days stained with DRAQ5 (blue)
and antibodies against cardiac MLC2v (red)
and a-actinin (green).
(G and H) Whole-mount immunofluo-
rescence confocal microscopic section of
30- to 35-day-old EHTs stained with DRAQ5
(blue) and antibodies against a-actinin
(red; G) and caveolin-3 (green; G) or phal-
loidin (red; H) and an antibody against
junctophilin-2 (green; H).
(I) Transmission electron microscopy of
35-day-old EHT. Arrows indicate structures
resembling t tubules.
See also Figure S2.
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Engineered heart tissues

Mannhardt , Stem Cell Report 2016

Figure 5. Regulation of Contractile Function of hiPSC-EHTs by Inotropic Drugs
Average contraction peaks before (black) and after (red) the respective inotropic drug intervention.
(A–H) Positive inotropic drugs (A–F) were tested at submaximal (0.5–0.6 mM), and negative inotropic drugs (G and H) at high (1.8 mM; H)
and submaximal (0.5 mM; G) calcium concentrations. Depicted is the electrically stimulated (1.5–2 Hz) mean relative force in percentage
of baseline maximum ± SEM in modified Tyrode’s solution; replicates are indicated as EHTs/number of independent experiments.
(A) calcium (5 mM; n = 8/2). (B) ouabain (100 nM; n = 6/2). (C) Bay K-8644 (300 nM; n = 4/1). (D) EMD-57033 (10 mM; n = 4/1).
(E) isoprenaline (100 nM; n = 4/1). (F) rolipram (10 mM) + isoprenaline (100 nM, red) versus isoprenaline (100 nM, black; n = 11/2).
(G) ryanodine (0.3 mM, red; 10 mM, blue; n = 6/2). (H) verapamil (1 mM; n = 18/2).
See also Figure S5.



Early-stage intensity-trained tissues

LETTER
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Advanced maturation of human cardiac tissue 
grown from pluripotent stem cells
Kacey Ronaldson-Bouchard1, Stephen P. Ma1, Keith Yeager1, Timothy Chen1, LouJin Song2, Dario Sirabella1, Kumi Morikawa2, 
Diogo Teles1,3,4, Masayuki Yazawa2 & Gordana Vunjak-Novakovic1,5*



Ronaldson-Bouchard , Nature 2018

Early-stage intensity-trained tissues



Ronaldson-Bouchard , Nature 2018
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Early-stage intensity-trained tissues
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Early-stage intensity-trained tissues



Early- vs late-stage intensity-trained tissues

Early-stage intensity-trained tissues

Late-stage intensity-trained tissues



An organ-on-a-chip model for pre-clinical drug evaluation in progressive 
non-genetic cardiomyopathy 
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