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Cardiac toxicity is one of the most important reasons for the discontinuation of drug development. International
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Consortium on Harmonization (ICH) provides the guideline for evaluating the potential arrhythmogenicity of drug
candidates based on in vitro assessment of IKr inhibition by hERG test and in vivo measurement of QT interval. In this
project, we established a system to evaluate the cardiovascular safety of drug candidates developed in academia by an
hERG test and in vivo QT assay using canines. We also prepared a follow-up system to perform in vitro proarrhythmia
assay using human induced pluripotent stem cell-derived cardiomyocytes.

We received two requests for an hERG test and completed one request during the project period. We could not perform
an hERG test for one of the requests because we did not receive the compound within the project period. There was no
request for in vivo QT assay. We initially postulated that we could facilitate the out-licensing of the compounds developed
in academia by verifying the cardiac safety of the compounds, but the demand for such support seemed to be small. Through
the annual progress meeting of a BINDs program, we repeatedly emphasized that the proarrhythmic potential cannot be
determined by the hERG test alone, using verapamil (which inhibits an hERG channel but does not show QT prolongation)
as an example. Although we could not satisfactorily support enough cases during the project period, we hope to contribute
to supporting drug discovery in academia in the future.

Several drugs such as doxorubicin, itraconazole, trastuzumab, and sunitinib show toxicity that impair cardiac function
and induce heart failure (contractile toxicity). However, a strategy to predict cardiac contractile toxicity has not been fully
established. In this project, we attempted to establish a method for evaluating cardiac contractile toxicity by analyzing the
movement of line-cultured human induced pluripotent stem (iPS) cell-derived cardiomyocytes (iPSCMs) with a motion
vector image analysis system. We analyzed the effect of anticancer drugs that show cardiac contractile toxicity and
anticancer drugs with the same mechanism of action but do not show such toxicity. Doxorubicin strongly impaired the
contraction speed, relaxation speed, and deformation distance of iPSCMs reflecting its strong toxicity on cardiomyocytes.
On the other hand, molecule-targeted anticancer drugs such as sunitinib did not impair those parameters but impaired the
parameter that may reflect the synchronicity of cardiomyocyte contraction/relaxation suggesting that such parameters may
be useful in predicting cardiac contractile toxicity of small-compound drugs.

We also investigated the effect of trastuzumab, an antibody drug that exhibits cardiac contractile toxicity, but failed to
identify any changes induced by the drug in a current motion vector imaging system. We, therefore, developed a
convolutional neural network model that could distinguish the movement of iPSCMs after trastuzumab treatment with an
accuracy of nearly 80%, suggesting the usefulness of artificial intelligence in the field of safety pharmacology.

We also established an in vitro model that mimics doxorubicin cardiomyopathy (heart failure caused by doxorubicin) by
treating iPSCMs with a protocol that reproduces the in vivo pharmacokinetics of doxorubicin. Gene expression analysis
revealed that our in vitro doxorubicin cardiomyopathy model showed changes in gene expression similar to those seen in
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patients after myocardial infarction and cardiomyopathy. Therefore, the model may be used as an in vitro heart failure
model for drug discovery screening for heart failure drugs, including doxorubicin cardiomyopathy, and for evaluating drug
safety in heart failure patients, who are prone to cardiac toxicity.

We introduced our in vitro doxorubicin cardiomyopathy model at the annual progress meeting of a BINDs program and
received one request to test whether their drug candidate could prevent doxorubicin-induced impairment in iPSCM
contraction/relaxation. The provided drug candidate can prevent doxorubicin-induced impairment in iPSCM
contraction/relaxation better than dexrazoxane, a drug currently used to prevent doxorubicin cardiomyopathy.

We evaluated several drugs with the arrhythmia as a potential side effect using non-rodents. Lithium carbonate, which is
used to treat manic episodes of bipolar disease, has been reported to cause various types of arrhythmias. We performed a
cardiovascular safety pharmacological study of lithium carbonate and revealed a sufficient safety margin between the
therapeutic concentration and the concentration at which lithium carbonate cause electrocardiographic changes. We also
performed a cardiovascular safety pharmacological study of dasatinib, a Ber/Abl inhibitor. We found that dasatinib mildly
prolonged repolarization time but did not induce arrhythmias. We also found that bleeding diathesis, one of the side effects
of dasatinib, is also observed in canine model indicating the importance of noncardiovascular parameters during safety

pharmacological study.



