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Adult Hearts Have Little Regenerative Capacity
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Strategies for Cardiac Regeneration

1. Transplantation of induced pluripotent stem cells
(IPSCs)-derived cardiomyocytes
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Fibroblasts IPSCs Cardiomyocytes

(Takahashi, et al. Cell 2007)

2. Direct reprogramming of resident cardiac fibroblasts
Into cardiomyocytes (direct cardiac reprogramming)
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Cardiac fibroblasts Cardiomyocytes
(leda, et al. Cell 2010)

i



Combination of Stem Cell-specific Factors
Convert Fibroblasts to IPSCs
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(Takahashi, et al. Cell 2007)



IPSCs Make Tumors
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Generation of CMs through IPSCs
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Regeneration using IPSC-CMs
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Purification of CMs with Culture Conditions

CMs can use lactate for ATP synthesis CMs survived under glucose-/lactate+
CMs IPSCs 2 "

Glucose-Free and Lactate-Rich Environment
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may purify CMs and kill iIPSCs

(Tohyama et al., Cell stem Cell, 2013)




Monkey IPSC-CMs Regenerate M| Hearts
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(Shiba et al., Nature, 2016)
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Generation of Cardiomyocytes from Fibroblasts
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Generation of Cardiomyocytes from Fibroblasts
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Regeneration using IPSC-CMs

Culture

N

Generation of iPSC

/ Differentiation
Cardiac ©

fbroblasts PSC Y )
m//j Blood
cytes_g

Hepatocytes

IPSC-CM
transplantation

1. Complicated/
long process

2. Tumor by iPSC
contamination

3. Poor survival of
the cells



Regeneration by Cardiac Reprogramming
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Discovery and Progress of Cardiac Reprogramming

1. Cardiac reprogramming in mouse and human cells
Induced cardiomyocytes

Mouse fibroblasts Gata4é g&f_lz_)‘:/ Tbx5 (iC|\/|s)

(leda et al Cell, 2010) (Wada et al., PNAS, 2013)
(Muraoka et al., EMBO J, 2014)
(Yamakawa et al., Stem Cell Reports, 2015)

2. Heart regeneration by in vivo cardiac reprogramming
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Gata4/Mef2c¢c/Thx5 Are Cardiac Reprogramming
Factors in Mouse
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Gatad/Mef2c/Thx5 Are Cardiac Reprogramming
Factors
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How about in human?

Human fibroblasts Gatad/Mef2c/Tbx5/ Human ICMs
< +7?



Gata4/Mef2c/Tbx5/Myocd/Mespl Are
Human Cardiac Reprogramming Factors
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(Wada et al., PNAS, 2013)
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Human ICMs Beat Synchronously in co-culture

with other CMs
GFP-tagged human iCMs

(Wada et al., PNAS 2013)



In Vivo Cardiac Reprogramming by GMT

Mouse MI model Retrovirus GFP infected fibroblasts
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In Vivo Reprogramming Improved
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Regeneration by Cardiac Reprogramming
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