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This study aims at developing a new therapy for severe heart failure by cell transplantation of regenerative
cardiomyocytes (CMs) using human induced pluripotent stem cells (hiPSCs). We develop the generic
technology and carry out cardiac cell therapy for the first clinical case. We evaluate the safety of the purified
hiPSCs-derived CMs to make a success of clinical application safely. We also establish the clinical grade
culture media, the scalable culture method, and perform preclinical studies in large animal models.

Because a human heart consists of 1x10° -10*° CMs, a large number of CMs is necessary to restore a
loss of cardiac function in severe heart failure. Therefore, a large quantity of culture media is necessary. Most
of current media can not be used for clinical application, because they were developed for basic researches,
and their components do not meet Standard for Biological Ingredients. Thus, we developed clinical grade
culture media for scalable culture of hiPSCs, cardiac differentiation, and purification in cooperation with
Ajinomoto Co., Inc.

The maintenance of pluripotency and the efficiency of differentiation were confirmed using clinical
grade hiPSCs, established at Center for iPS Cell Research and Application, Kyoto University. Because the
differentiation efficiency from hiPSCs to CMs is not 100%, tumorigenicity cells are more likely to get mixed
in large amount of CMs. Because it was critical for the clinical application to purify a large number of CMs
efficiently, we developed a purification strategy for CMs by changing culture media. Specifically, we found
that glucose and glutamine were essential nutrients for hiPSCs, and confirmed hiPSCs could be eliminated by
removing them. Because hiPSCs-derived CMs have fetal phenotype, they can efficiently use lactate. Glucose,
glutamine-depleted and lactate-supplemented media eliminated non-CMs and generated purified CMs
successfully. The remaining hiPSCs were less than 0.001%, so that the clinical grade regenerative CMs were
finally acquired.

hiPSCs-derived CMs were transplanted to myocardial infarction (Ml)-induced micromini pigs for
preclinical studies. hiPSCs-derived CMs significantly improved the left ventricular ejection fraction by
cardiac MRI, and a proof of concept (POC) for the cardiac cell therapy with hiPSCs was established. Cardiac
telemonitors were implanted to MI-induced micromini pigs to check arrhythmic events, and the safety of
cardiac cell therapies were confirmed. Furthermore, we had a face to face meeting with PMDA for the
non-clinical safety examination, and performed general toxicity tests, examinations of proarrhythmic events,
and tumorigenicity tests.

We had the classes of the GMP documents for manufacturing facility to start the cell culture in the
Cell Processing Center (CPC) toward the first clinical application, and the cell culture technicians also had the
educational training. We prepared GMP and SOP documents, while confirming the massive culture of hiPSCs,
cardiac differentiation, and purification of CMs using a clinical grade hiPSCs and culture media in the CPC.
The apparatus, reagents and expendable supplies were decided on the basis of the prior interview of the
quality control with PMDA. The application of Cell Processing facility was submitted to the local public
welfare station. Furthermore, we adjusted a monitoring system for the culture of clinical grade hiPSCs and
performed the validation and sanitation of the apparatus in the CPC for the first-in-human clinical application.
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