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Outline of Research and Development

Human iPS cells have revolutionized the drug development and have been widely used from drug
discovery to safety evaluation. The purpose of the AMED project is to develop a new cardiac safety
evaluation method against anticancer drugs using fit-for-purpose human iPSC-derived cardiomyocytes
(iPSC-CMs). To date, we all-Japan consortium Japan iPS Cardiac Safety Assessment (JiCSA) has
developed a standardized method using multi-electrode array (MEA) technology to evaluate the
proarrhythmia risk using iPSC-CMs. Furthermore, by conducting the large-scale validation study using
60 compounds with different Torsades de Pointes (TdP) risk, we have shown that the new method using
human iPSC-CMs has high reproducibility and predictability to predict TdP risk.

In the present study, we first have worked on the maturation of human iPSC-CMs for cardiotoxicity.
By using oriented plates and substrates, we have generated more mature iPSC-CMs and 3D cardiac
models. We confirmed that longer treatment with the golden standard anticancer drug doxorubicin
showed cardiotoxicity using these models.

Next, we established the imaging-based chronic contractility assay using human iPSC-CMs and
performed case studies. After international discussions, we decided to evaluate BMS-986094, a hepatitis
C virus (HCV) nonstructural protein 5B (NS-5b) inhibitor, which was developed as a candidate drug for
the treatment of HCV. One patient died of heart failure with decreased left ventricular ejection fraction
after 4 weeks of treatment, and other patients also reported decreased left ventricular ejection fraction,
so the phase II clinical trial was terminated. Based on these clinical studies, we evaluated the effect of
BMS-986094 on contractility using human iPSC-CMs. We found that chronic exposure to BMS-98609 at
Cmax significantly decreased contractility and relaxation velocity in a concentration-dependent manner.
In contrast, the approved drug sofosbuvir showed no significant effects on contraction/relaxation. These
results suggest that contractility assessment using human 1IPSC-CMs can predict the cardiotoxicity risk
In a non-clinical setting.

Based on our studies, we participated in the international validation studies on chronic cardiotoxicity
with HESI and FDA using 12 blinded compounds including doxorubicin and BMS-986094. The
evaluation can be divided into functional toxicity (such as contractility) and structural toxicity (cell
damage). We found that contractile phenotypic changes showed a good correlation between the
platforms. We also continued the international discussion on in silico models of human 1PSC-CMs, and
found that there were large differences between the existing models, and that the drug responses are
different. Therefore, the causes of these model differences need to be further clarified.

To investigate the predictive value of the test method using human iPSC-CMs, we evaluated the
acute cardiovascular toxicity in normal dogs under isoflurane anesthesia. We found that the in vivo
results using the tyrosine kinase inhibitor nilotinib were similar to those evaluated using human iPSC-
CMs. These data suggest that human iPSC-CMs can be useful to detect the clinically observed
cardiovascular adverse events of anti-cancer drugs, such as QT interval prolongation and heart failure.
To further clarify the added value of human iPSC-CMs for the clinical settings, we are working on the
prospective clinical research with National Cancer Center Hospital.

Taken together, we believe that this research group has achieved very significant results using
human iPSC-CMs toward regulatory consideration. We will continue our international collaborations to

develop and standardize new methods for evaluating cardiotoxicity by anticancer drugs.
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