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cell Research
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Preclinical flow for de-risking compounds

Human stem cell-
Cardiomyocytes

Acute

Chronic

Calcium transient assay 
(CTCM)

Delayed drug-induced cardiac toxicities 
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MEA, Impedance, Sony, 
CTCM etc,
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CTCM-human assay (Ca2+ transient assay)
• The standard CTCM protocol (acute 30 min):
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Steady Decrease in Animal Use 2007 to 2018 
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Increase in Use of Human-Based Cell Assays
(hiPSC-Cardiomyocytes)
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Many Drugs known to induce delayed cardiotoxicity-
different classes of drugs

2018
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2018

2014

Development of 
BMS-986094 in 

Stopped in Phase 3
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Cancer drug-induced cardiac side effects:
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Some Internal Projects/Research Presented 
with Delayed Cardiac Toxicities

Project X (JNJ-X): delayed QT ↑↑↑ /SCD in GLP study dogs 

Anti-infectious drugs: delayed QT, Hypertrophy, cardiac 
arrhythmias

Oncological drugs: could cause delayed atrial fibrillation,  
ventricular arrhythmias and heart failure (HF)
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Delayed Cardiac Toxicities are not Detected by the current 
standard Safety Pharmacology Assays: expensive
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Ferdinandy et al., 2018. Eu Heart J 
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Chronic Cardiac Liabilities Result From Multiple 
Mechanisms

Electrical Pump 
-contractility

 

Mitochondrial dysfunction
(ie. Oxidative Stress)

Ca2+ Cycling

Ion channel trafficking-
electrophysiology

Growth Signaling pathways

Electrical
(MEA)

Mechanistic
(impedance)

Mechanistic
(motion)
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Research on Delayed Cardiac Liabilities in human 
stem cell-CM                                                

Janssen Global Safety Pharmacology
Project I: Differentiating cardiotoxicity within HDAC inhibitors

Project II: Detection of various mechanisms of cardiac liabilities

Impedance-assay (xCelligence)

Video Microscopy (Sony)

14
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Project I: Differentiating Cardiotoxicity Within HDAC 
Inhibitors

High Low← Cardiotox →

Low incidence of cardiotoxicity
in Ph. II

QTc, Atr Fib, TdP
Development 

stopped

↗QTc in 
Ph. I Ph. II 

& III

↗QTc at 3x free Cmax

FDA approved ‘06
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Project I: Differentiating cardiotoxicity Among HDAC 
inhibitors

Good translation to dose-related 
(free Cmax) cardiac adverse effects 
in the clinic

16



Nonclinical Safety

Project I: Transcriptional Characterization of Genes Related to 
Cardiac Toxicity Compared to Unrelated Genes in human stem cell-

CMs
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2 hours 4 hours 12 hours 24 hours
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Project II: Detection of Various Mechanisms of Delayed Cardiac 
Liabilities

Video Microscopy (Sony)
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Video motion analysis can detect different mechanisms of cardiac liabilities in human 
stem cell-CMs  

Sony Motion Imaging

Project II: Detection of Various Mechanisms of Delayed 
Cardiac Liabilities
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Project II: FABP3 is a Good Predictor of Diverse 
Cardiac Liabilities on this assay
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FABP3 is a better 
predictor of cardiotoxicity 
in human stem cell-CMs  
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JNJ-X

Isoproterenol 
stimulation

Example: Infectious Disease Therapeutic Area

SCD & Induced TdPs in dogs 
leading to death

Delayed QTc prolongation in dogs

An Dog

21

Free Cmax: 0.2-0.3 µM
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JNJ-X

Delayed HERG/ IKs channel effect?

 Massive QT and QTc interval prolongation
 Large negative T-wave (ECG LQT1- like)
 Two dogs died suddenly, SCD
 No concentration/effect relationship, but delayed
 Induction of Torsades de Pointes after ISO

Profile Summary

22
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JNJ-X Electrophysiological Profile

Free Cmax in dogs: 0.2-0.3 µM where observed marked prolongation in 3 days

In vitro: Acute Ion channel effects : IC50 HERG=2 µM, Iks= 1 µM 

QTc prolongation in dogs cannot be 
explained by (acute) effects on cardiac ionic 

currents

23

In vivo: no acute ECG effects 
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Could repeated calcium dye exposure be used 
to assess delayed cardiac effects in CTCM?

Ncardia Cor.4U 
cardiomyocytes

Calcium Dye

• Evaluation of different protocols
• Serum-free medium (BMCC)
• Multiple dye additions
• Extensive data analysis

B e a t  S t o p

E A D s

* * *
*

F ib r i l l a t i o n

A
m

p
li

tu
d

e

C T D 90

B e a t  R a t e

 
CTD90: Calcium Transient Duration

24
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Delayed CTCM Assay in human stem cell-CMs 
(4-day Exposure)

Multi-dyes additions:

BMCC medium

Measurement

0h 4day 
human Cor.4U® Cardiomyocytes

4 h 1 day 3 day

25

60% 20% 20%
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Effects of 4-day exposure to arsenic on human stem cell-CMs 
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Effects of 4-day exposure to Tyrosine kinase inhibitors (TKI) on 
stem cell-CMs
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Effects of 4-day exposure to Tyrosine kinase inhibitors (TKI) on 
biomarkers in stem cell-CMs



Nonclinical Safety

Effects of 4-day exposure to JNJ-X on human stem cell-CMs
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Some delayed Drug-induced cardiac effects occur a few 
months after treatment: could prolong study period on 

dish?

30

Atrial fibrillation Ventricular tachycardia, HF
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We plan a long-term calcium transient assay in human 
stem cell-CMs (up to week 3) to identify potential MOA?

31

Multi-dyes addition:

BMCC medium

Measurement

0h Week 3 1 day week1 Week 2
Human Cor.4U® Cardiomyocytes

60% 20% 20%

*These data are pilot data and still to be confirmed
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Effects of pentamidine and panobinostat on stem cell-
CMs up to week 3; pilot/pre- study
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Pentamidine 3µM at week 2Pentamidine 3µM at week 1

Panobinostat 10nM at week 1 Panobinostat 10nM at week 2

DMSO Control

EADs

VT/VF like

Delayed cardiac effects: incubation with drug up to 
week 3 on stem cell-CMs: pilot/pre- study
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Conclusions

I. Human stem cell-CMs could be applied for potential 
drug-induced delayed cardiac effects

II. Different detection technologies in stem cell-CMs 
can be used for identification and mechanistic 
understanding of drug-induced delayed cardiac 
toxicities.

III. MOAs of drug-induced cardiac toxicities are 
complex, still….
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