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[Purpose] Cardiac regeneration is believed to be largely determined by the presence or absence
of cardiomyocyte proliferation, and achieving cardiomyocyte proliferation is the most important
challenge in achieving cardiac regeneration. Since the cessation mechanism of proliferation in
human cardiomyocytes is considered to be different from that in mouse ones, research in human
cells is necessary. In this study, we aimed to enable the proliferation of human cardiomyocytes
and analyzed the mechanism of cardiomyocyte proliferation control using human induced pluripotent
stem cell (hiPSCs)-derived cardiomyocytes. Our goal is to enable efficient proliferation of human
cardiomyocytes and start applied research for cardiac regeneration.

[Backgrounds] The research and development representative and colleagues have been conducting
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cardiovascular differentiation and regeneration research using human pluripotent stem cells, and
developed a unique and highly efficient method for inducing cardiomyocyte differentiation. Based
on the methods, several compounds that demonstrate proliferative activity in human cardiomyocytes
have already been identified. During the stimulation with these proliferation—inducing compounds,
it was discovered that there are both proliferating (Responders) and non—proliferating cells
(non—responders) in human cardiomyocytes. By analyzing the differences between them using single—
cell analysis (SCT), it is believed that efficient proliferation of human cardiomyocytes can be
achieved through changing human cardiomyocytes proliferative Responders.

[Research Projects and their Contents]

1. Single Cell Transcriptome (SCT)analysis of Human Cardiomyocytes:

The SCT analysis was performed based on the mRNA expression levels obtained from RNA-seq
analysis, where various cardiomyocytes including cells with impaired proliferation ability and
cells with preserved proliferation ability were treated with proliferation—inducing compounds.
In addition, analysis on gene—to—gene interactions was conducted using the supercomputer at the
University of Tokyo to further explore the findings

2. Identification of Cardiac Proliferation—Specific Molecules:

One candidate molecule A was identified as a gene specific to the group of cells that
responded to compound treatment and overcame the proliferation barrier. Conversely, a group of
candidate genes related to proliferation inhibition was identified in cells that did not respond
to proliferation stimuli

3. Identification of Molecules that Regulate Cardiomyocyte Proliferation:

Functional analysis of the molecules identified in step 2 was conducted by constructing a
gene loss—of-function experimental system using CRISPR/Cas9. Regarding molecule A, the
expression in proliferative cardiomyocytes was confirmed, and it was found that cardiomyocytes
expressing molecule A (Responder cells) exhibited a high proliferation ability, resulting in a
three—fold increase in proliferation (almost reaching the final goal).

4. Achievement of Human Cardiomyocyte Proliferation using the Identified Molecule:

The mechanism of molecule A expression in cardiomyocytes and the effects of forced expression

of molecule A are being investigated.
5. Development of Novel Human Cardiac Regeneration Therapeutic Strategy:
Novel research on the development of therapeutic strategies using extracellular vesicles

has been initiated.



