
Developmental Biology of 
iPSC-derived Cardiomyocytes



Human Pluripotent Stem Cells

Ø Indefinite self-renewal

Ø Capability to derive tissues of all three germ 
lineages

OCT4, SSEA4 Karyotype analysis



1998

2007

Human Pluripotent Stem Cells

Inner Cell Mass
First derivation of hESCs



Modeling human development and disease

Wu et al. 2016



Cardiac Embryonic Development

Burridge et al. 2012



Methods for the Differentiation of Human 
Pluripotent Stem Cells

Lian et al. 2012



Spontaneously contracting cardiomyocytes:

Ø Ventricular-like action potential morphology (32/35, 91.5%).
Ø Atrial-like action potentials were observed less commonly 

(3/35, 8.5%).
Ø nodal-like action potentials were not observed (0/35, 0%).

Structural and functional characterization of 
cardiomyocytes

• MLC2V: mature ventricular 
cardiomyocyte marker.

• MLC2A: Atrial and immature ventricular 
cardiomyocyte marker.

Lian et al. 2012

Ø Molecular Level Ø Physiological Level



Six major steps of hPSC cardiac 
differentiation

Burridge et al. 2012



Karbassi et al. 2020

Cardiomyocyte maturation



Karbassi et al. 2020

Cardiomyocyte maturation features



Sarcomeric α-actininMetabolic switch

Huebsch et al. 2022



Giacomelli et al. 2020

Ronaldson-Bouchard et al. 2018 

Other strategies to mature hPSC-CM



100% iCM 70% iCM – 30% HCF 50 iCM – 50% HCF
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Giacomelli et al. 2020

Enhancing cardiac maturation by adding 
human cardiac fibroblasts into the cardiac MPS



Ø Cardiac Fibroblast Differentiation

Challenges of iso-genic multiculture microtissues
Ø Cardiac Endothelial Differentiation



Differentiation to Ventricular and Atrial 
Cardiomyocytes

Protze et al. 2019



Modeling heart compartments

Schimdt, et al. 2022. Preprint.



Cardiac subtypes have different contraction properties

Cardioids beating Contraction rate

Schimdt, et al. 2022. Preprint.



3-chambered cardioid showing the direction of signal propagation

Schimdt, et al. 2022. Preprint.
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Derivation 
of hESC

Generation 
of hiPSC

Development of 
Cardiac differentiation

Protocols

Ventricular and Atrial 
Cardiomyocyte 
differentiation

Modeling
Heart compartments

Optimization of the cardiomyocyte maturation

Overcome the issues of modeling human 
diseases in mice resulting from species 

differences in heart physiology



Organ-on-a-chip systems for biomedical research


