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Results

Cardiac regeneration using stem cell-derived cardiomyocytes is promising; however, there are several challenges that
must be overcome before its clinical application, including the efficiency of cardiac differentiation, tumorigenesis
due to contamination by immature cells, and poor survival of transplanted cells in host tissues. Direct reprogramming
converts one cell into another without meditation through pluripotent stem cells (PSCs), in which cell transplantation
is not necessary for tissue regeneration. We first found that the cardiac-specific transcription factors—Gata4, Mef2c,
and Thx5—reprogrammed mouse fibroblasts into induced cardiomyocyte-like cells (iCMs) in vitro. Furthermore, we
found that in vivo direct cardiac reprogramming using the same factors could regenerate mouse infarct hearts (leda
etal, Cell, 2010, Inagawa et al, Circ Res, 2012, Wada et al, PNAS 2013, Muraoka et al, EMBO J 2014, Sadahiro
et al. Circ Res 2015). However, establishing safe and efficient cardiac reprogramming methods and understanding
the molecular mechanisms of cardiac reprogramming are necessary to translate this new technology to the clinic.
Moreover, identification of reprogramming factors to induce cardiac progenitor cells from fibroblasts and convert
terminally differentiated adult cardiomyocytes into embryonic-type proliferative cardiomyocytes has received
attention as an innovative approach for cardiac regeneration. A comprehensive and direct reprogramming approach
for cardiac regeneration has not been explored previously. In this study, we will improve the efficiency and safety of
cardiac reprogramming, determine the underlying molecular mechanisms of cardiac reprogramming, identify novel
reprogramming factors for cardiac progenitor cells and for inducing cardiomyocyte proliferation, and apply these
new findings to regenerative medicine in a comprehensive manner. Specifically, this year, we determined Sendai
virus-mediated cardiac reprogramming, identified chemicals for efficient cardiac reprogramming, and identified

reprogramming factors for cardiac progenitor cells and for inducing cardiomyocyte proliferation as described below.

To improve the safety and efficiency of cardiac reprogramming, we performed Sendai virus vector- and chemical-
mediated cardiac reprogramming.

(1) Sendai virus vector-mediated cardiac reprogramming

Conventional direct cardiac reprogramming used retrovirus or lentivirus vectors for gene transfer, which may cause
insertional mutagenesis. In contrast, Sendai virus vectors are RNA virus vectors that do not integrate into the host
genome. We developed Sendai virus vectors encoding cardiac reprogramming factors to improve safety and efficiency.
We found that Sendai virus vector-mediated cardiac reprogramming induced 100-fold more beating iCMs than the
conventional retrovirus-mediated cardiac reprogramming in vitro.

(2) Chemical-induced cardiac reprogramming and identification of its pharmacological actions

We developed a high-throughput screening system in which cardiac reprogramming efficiency can be monitored by
the expression of fluorescence by a cell image analyzer. The function unknown-chemical library was provided by a
collaborator, Dr. Shimizu. This year, we screened 8400 chemicals and found that 6 greatly improved cardiac
reprogramming in vitro.

(3) Identification of reprogramming factors for cardiac progenitor cells and differentiation from PSCs

We used a cDNA library to screen for reprogramming factors for cardiac progenitor cells. The cDNA library was
kindly provided by Dr. Goshima. We screened 60 candidate genes that are highly expressed in cardiac progenitor
cells and functionally important, based on mouse phenotypes following knockout of the genes. We found that a novel
cardiac progenitor cell reprogramming factor X could directly convert mouse fibroblasts into cells expressing cardiac

progenitor genes, including Mespl, FIk1, and Pdgfra.



(4) Identification of genes inducing cardiomyocyte proliferation and cardiac regeneration

We screened for genes that induce cardiomyocyte proliferation using rat primary cultured cardiomyocytes. As

embryonic cardiomyocytes have proliferative capacity, we selected 24 genes specifically expressed in embryonic

cardiomyocytes. The candidate genes were transduced into rat cardiomyocytes by lentivirus vectors, and the rate of

cell proliferation was determined by the EdU assay. We identified gene Y, which activated cardiomyocyte

proliferation in vitro.
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