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Outline 

• Overview and utility of the hiPSC-CM as a model system for 
safety assessment, drug discovery and disease modeling 

• Major gaps of the hiPSC-CM model and ramifications 
• How to address the maturation gap? 
• Introduction of the ePacer instrument for consistent and scalable 

maturation of hiPSC-CM 
• Assessment of gene expression in paced hiPSC-CM 
• Assessment of structural and functional features of paced hiPSC-

CM 
• The Applications of electrically paced and functionally matured 

hiPSC-CM 
– Drug Discovery 
– Safety Assessment 

• Summary 
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The Diverse Applications of hiPSC Cardiomyocytes 

ACEA Commercialization 
Meeting_01282019 

hiPSC-Cardiomyocytes 

Electrophys Contractile Structural 

Acute vs Chronic 
Drug/Drug Interaction 

Safety/Toxicity 

Drug discovery 
Cardiac Disease  

Modeling 
Regenerative  

Medicine 
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Primary adult CM 
hiPSC-CM 

Van Meer, BJ et al (2016) Stem Cells, 34, 2008-2015 

Comparison of hiPSC-CM with Adult Cardiomyocytes 
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Several positive inotropic compounds have no/negative effect  
(IonOptix) 

S.M. Ravenscroft et al. Toxicological sciences, 152:99-112 ( July, 2016) 

Inappropriate Responses to Positive Inotrope 
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Functional Output of hiPSC-CM: Negative Force-frequency 
relationship 

Germanguz I et al., J. Cell. Mol. Med. 2011 
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Negative Beating Amplitude (BAmp) and 
Beating Rate (BR) Relationship of hiPSC-CMs 

y = -0.0015x + 0.4058 
R² = 0.9745 
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the Comprehensive In Vitro Proarrhythmia Assay  

Assessment of Proarrhythmia Liability of Drugs 
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Categorization of Reference Drugs Based on Risk of Arrhythmia 
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Categorization of the Compounds Based on Arrhythmic 
Events 
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Published “Maturation” protocols for hiPSC-CMs 
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Electrical Pacing of hiPSC-CM as a Method for Functional 
Maturation 
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Electrical Pacing of hiPSC-CM as a Method for Functional Maturation 
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The ePacer Instrument 

ePacer: generating better hiPSC-CM model as part of an 
integrated workflow solution 
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ePacer is Designed to be Part of an Integrated 
Workflow 
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Work Flow of Functional Maturation of hiPSC-CMs 
Using the ePacer 

Thaw Cells 

E-Plate 

Directed and progressive  
Electrical pacing 

Enhanced 
Cardiomyocytes H
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 1 week  
 ~2 weeks 

Safety/Tox Assessment 
•Inotropic compounds 
•Ion channel 

Paced Non-paced 
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Improved BAmp and BR Relationship During Chronic 
Pacing 
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Assessment of inotropes in Paced iPSC-CMs  
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Categorization of Reference Drugs Based on Risk of Arrhythmia 

Gaps in Assessment of Ion Channel Modulators 
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Ranolazine 

Ranolazine 

Ranolazine: Antianginal drug;  
inhibits Late Na+ current and hERG 
channel 

No arrhythmia occurred in clinic 

Late Na+ current 

hERG channel 
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Non-Paced Chronically Paced 
Pre-drug 

Post-drug 

Pre-drug 

Post-drug 

Assessment of Ranolazine effects Using 
Functional Mature hiPSC-CMs 
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Paced iCell cardiomyocyte2s 

DMSO 

10 µM Ranolazine 

10 µM Ranolazine 
+ 5 nM Dofetilide 

Assessment of Ranolazine effects Using Functional 
Mature hiPSC-CMs 
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Gene Expression of Na+ Channel 

Late Na+ current produced by Na+ 
channel is regulated by its β1 subunit. 
 
Maltsev V. et al., J Physiol Sci. 2009 
 
 

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

SCN5A SCN1B SCN2B

Re
la

tiv
e 

G
en

e 
ex

pr
es

si
on

  
Lo

g2
 F

ol
d 

Ch
an

ge
 

Na+ Channel  

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

SCN5A SCN1B SCN2B

Re
la

tiv
e 

G
en

e 
ex

pr
es

si
on

  
Lo

g2
 F

ol
d 

Ch
an

ge
 

Na+ Channel  



The Cell Analysis Company   (24)  

Summary 
• hiPSC-CM are typically less well developed compared to adult 

CM in terms of genetic, physical and functional attributes which 
limits their utility as a model system 

• Long term electrical pacing has been shown to improve the 
maturation status of hiPSC-CM 

• The ePacer system can be used to perform directed long term 
electrical pacing in a consistent, safe and high throughput 
manner which can improve the maturation status of hiPSC-CM 

• These “functionally matured” hiPSC-CM have much more 
predictive response to certain ion-channel modulating 
compounds compared to standard hiPSC-CM; Show better 
responses to inotropic compounds; Better distinction between 
control and disease phenotypes 
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