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Severe heart failure is a lethal disease with high mortality, and patients’ quality of life
is significantly reduced despite the development of medical treatments. To overcome the
problems in replacement medicine such as heart transplantation and ventricular assist devices,
and to provide a new treatment option, we have developed regenerative medicine using human iPS
cel l-derived cardiomyocytes (hiPSC-CM). The transplantable cell patch we have developed is
composed of hiPSC-CMs with autonomous beating properties and releases various cytokines that
induce tissue repair, such as angiogenesis. Since this is an allogeneic transplant, the results
of analyzing the immune response using mouse and cynomolgus monkey allogeneic transplant models
were reflected in the immunosuppressive drug administration protocol. After conducting efficacy
studies using large and small animal disease models and various in vitro and in vivo safety
studies, including the denial of tumorigenicity, we applied for a physician—led clinical trial
for the transplantation of allogeneic hiPSC-CM patches for ischemic cardiomyopathy. With
institutional review board and PMDA (Pharmaceutical and Medical Devices Agency) approval, the
world s first transplant operation was performed in January 2020 (Miyagawa S, et al. Front
Cardiovasc Med 2022, 16; 9:950829.), and the clinical trial is currently ongoing.

In parallel, we conducted a preclinical study to expand the indication of iPSC-CM patch
implantation to patients with dilated cardiomyopathy (DCM) and obtained a Proof-of-Concept
(POC) . Considering that DCM occurs in a variety of etiologies, we have demonstrated that iPSC-CM
patch transplantation can improve cardiac function in several types of animal models, including
a porcine high frequency pacing model, a spontaneous DCM model in &-sarcoglycan deficient
hamsters, and a doxorubicin-induced DCM model in cynomolgus macaques. Based on these results
we have agreed with PMDA to conduct a clinical trial, which will be conducted in 2023 for DCM.

In addition, we have examined multiple methods to attenuate or control the immune response in
al logeneic transplantation. For example, in collaboration with CiRA (Center for iPS Cell
Research and Application, Kyoto University), we are developing a transplantation method using
HLA knockout iPS cell lines. In collaboration with Juntendo University, a method of inducing
anergy T cells that specifically express immune tolerance in iPS cells was shown to prolong the
engraftment of transplanted allogeneic cells and restore cardiac function in an ischemic
cardiomyopathy model in cynomolgus monkeys.

On the other hand, in order to develop a transplantation method for more highly functional
iPS-CM, we selected cell lines with high differentiation potential for cardiac function
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developed methods to enhance maturation of iPS-CM, and developed a device for transplantation
of thick cellular tissue, and also acquired POC in vitro and in vivo.
These results will contribute to further efficiency, safety and versatility in the future

clinical application of iPS-CM.



