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Direct Reprogramming as a Novel Approach for Cardiovascular Regeneration
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Direct cellular reprogramming provides a new strategy for tissue regeneration, especially to the adult heart.
However, endogenous cardiomyocytes have limited regenerative capacity. Since our first report of direct car-
diac reprogramming from cardiac fibroblasts with three cardiac developmental transcriptional factors (Gata4,
Mef2c, and Tbx5), numerous international studies have been reported to reveal the molecular mechanisms of
cardiac reprogramming and improve the efficiency of this nascent technology for cardiac regenerative medicine.
These advancements include additional transcriptional factors, microRNAs, epigenetic factors, secreted factors,
and cellular microenvironment. Cardiac reprogramming of human fibroblasts has also improved. Although
direct cardiac reprogramming may resolve the difficulties in applying induced pluripotent stem cells for cardiac
regeneration, numerous challenges remain for future clinical application. In this review, we will provide an
update on recent advances in research on direct cardiac reprogramming and discuss the perspectives and chal-
lenges of this technology in clinical applications.
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Fig. 1 Combination of three transcriptional factor
(Gata4, Mef2c, and Tbxb; GMT) induces
aMHC-GFP reporter (green) and cardiac
troponin T (red) in fibroblasts

Induced cardiomyocytes expressed both cardiac
specific factors show clear sarcomeric structure.
Scale bar, 100pm. Reproduced from Ref. 4.
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Fig. 2 /n vivo delivery of Sendai virus GMT vector induces cardiac reprogramming after myocardial infarc-

tion

Induced cardiomyocytes (GFP™) expresse a-actinin with clear sarcomeric structure. Scale bar, 100um. Reproduced from

Ref. 29.
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Fig. 3 /n vivo cardiac regeneration therapy and /n vitro application of induced cardiomyocytes (iCMs) by

direct cardiac reprogramming

Injection of cardiac reprogramming cocktails induce the direct conversion of cardiac fibroblasts into iCMs /n situ and
could improve cardiac function. /n vitro induced iCMs could be useful for the drug screening and discovery.

Hhvic

D&, ENHNTIFRICZ < OEMEZE D
A LFoN, LDZAALY MY TasS 33
PRIGHIC U TEFEICHHEL TWa (Fig. 3). LML
FACET e K D IR T REFENZ FKEN TV S
DEEHRTHS. 5%IET 2E EOKRVHYET V&
HWTEN M « ZRMEORKERCINZ, & SICHIRINT
BAEZALT M) 0TS I 2 THEORFEPRAT
H»95 (Xiik 14, Table 1, 2 BMR). ZD7zHIciZ,
FA AR A E ORISR R E L
TIVRIVIRITT /) i, & SITI3eAE, MR
TR 7 O T 9838 DM 2 A T ABR I IR 2RI
KoT, EOLLBZRENEEINSG. 5BOESED
VTSIV TMBEICKS T, DIEEEEANC O
LWBEEN OB RIS N 5 HARS T & 2 HifF
LTW5.
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