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Results

The heart is always exposed to mechanical stimulation, and mechanical stress is necessary for proper cardiac
development and cardiomyocyte maturation. However, it remains unknown whether the cell fate of cardiomyocytes
is determined by mechanical stimulation. We previously reported that cardiac-specific transcription factors, including
Gata4, Mef2c, and Thx5, reprogrammed fibroblasts into induced cardiomyocyte-like cells (iCMs) in vitro and in vivo.
Moreover, in vivo cardiac reprogramming can regenerate injured hearts and improve cardiac function (leda et al, 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). In these experiments, we found that the efficiency and degree of cardiac reprogramming were better under in
vivo than under in vitro conditions. In this study, we will elucidate the link between mechanical stimulation and
cardiac reprogramming, identify the underlying molecular mechanisms, and apply the findings to regenerative
medicine. Specifically, this year, we have investigated the effects of mechanical stimulation on cardiac

reprogramming in vitro by using (1) various degrees of soft culture dishes and (2) a mechanical stretch instrument.

1. Mechanical stimulation and cardiac reprogramming

To recapitulate cardiac reprogramming in in vivo microenvironments, we used (1) hydrogel soft culture dishes and
(2) a mechanical stretch instrument. This year, we found interesting results by using soft culture dishes as described
below. We also found that the transduced cells peeled away and could not attach in culture for a prolonged period
under mechanical stretch.

(1) Cardiac reprogramming in soft culture dishes

To recapitulate the in vivo microenvironment, in which the myocardial tissues are softer than plastic culture dishes,
we developed an in vitro culture system using soft hydrogel in collaboration with Dr. Ichiro Harada from Nadogaya
Hospital Research Institute. Dr. Harada is an expert in mechanics and successfully generated various degrees of soft
dishes using hydrogel. We cultured the fibroblasts in the soft hydrogel and plastic dishes and compared cardiac
reprogramming efficiency. We used a MHC-GFP transgenic mice, in which only mature cardiomyocytes expressed
GFP, to analyze cardiac reprogramming efficiency. We split mouse fibroblasts, infected cardiac reprogramming
factors, and analyzed reprogramming efficiency by FACS and immunohistochemistry. We also counted the number
of spontaneously beating iCMs and Ca?* transient expressing iCMs by microscopy to determine the function of iCMs.
We found that the appropriate degree of soft culture dishes could improve cardiac reprogramming compared to culture
in plastic dishes.

(2) Cardiac reprogramming under mechanical stretch

We also analyzed cardiac reprogramming under mechanical stretch using a specialized instrument. We used a
mechanical stretch instrument (Strex Corp.) in collaboration with Prof. Tetsushi Furukawa from Tokyo Medical and
Dental University. We split mouse fibroblasts on the wells in the stretch instrument and infected cardiac
reprogramming factors to determine the effects of mechanical cyclic stretch. We found that transduced cells were
peeled away from the bottom and could not attach for longer than 1 week using this instrument. We will change the

mechanical stretch instrument next year to overcome this issue and analyze cardiac reprogramming.



III. RO~ DFEE

10.

11.

(2)

PR MEEEICRT o T (EWNEE 8fF, EHESRE 31

Kojima H, leda M. Discovery and progress of direct cardiac reprogramming. Cell Mol Life Sci. 2017 Feb
14. doi: 10.1007/s00018-017-2466-4.

leda M, Heart Development, Diseases, and Regeneration- New Approaches From Innervation, Fibroblasts,
and Reprogramming. Circ J. 2016 Sep 7.

Ono T, Kamimura N, Matsuhashi T, Nagai T, Nishiyama T, Endo J, Hishiki T, Nakanishi T, Shimizu N,
Tanaka H, Ohta S, Suematsu M, leda M, Sano M, Fukuda K, Kaneda R. The histone 3 lysine 9
methyltransferase inhibitor chaetocin improves prognosis in a rat model of high salt diet-induced heart
failure. Sci Rep. 2017;7:39752. doi: 10.1038/srep39752.

FHEM EFHR LY7o BIERRGNED 7 7 L RT R T —T VRENR
BN % (C PAZEMEIR R AL ERR O MATENRE & 22 0 DA RIERZ 2 LT —f1" , IR,
p120-127, 2016.

JuaER, ZEER AARRRE SEFEBIEET (T8 “BEERE—FAL27 ) 7o
7507 HTAkeE,  pl83-187, 2016.

A SCHR, FHER fEEREEEME 7 Heart Regeneration by Direct Cardiac Reprogramming
in Heart Failure” . #24&85H2%5, p211-217, 2016.

FHEM O CEREEREOBMREREE A br& T vay HAEF12E, pldss,
2016.

BERCRER, FZHEM Dl DIERFAEREOBIRERBE L) e T 07 LD 00E
BA 4B H 125, pl351-1356, 2016.

HEER ZHEM Clinical Calcium AW/ AAFHATr 2 “DHEE
CAB NN A A TR 6125, pl697-1702, 2016.

LRz . ZREEM Ml OO “ORRERE IS 200 L EROMSL -
BRI D OB E T 48K 1275, pb86-590, 2016.

HAME, ZEHEM O F5 oW AMLERGRS  LHEREY eI I Ik b0

A" §49% §25, p202-209, 2017.

e VURT T LEIZBIT A O« RAX —RE

Masaki leda 2016 ISHR World Congress Symposium “Converting fibroblasts into cardiomyocytes”
Buenos Aires, Argentina 2016.4.18-21

Masaki leda Cardiovascular Development and Regeneration Symposium, "Direct cardiac
reprogramming and cell fate decision", San Francisco, USA 2016. 5.13-14

Masaki leda The 5th Gwangju-Boston Joint Cardiology Symposium, “Making New Cardiomyocytes
by Direct Reprogramming” Gwangju, South Korea 2016. 5.20-21



9.

10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

Masaki leda Tsukuba Global Science Week (TGSW) 2016 Toward the Application of Human Biology
Basic Researches “Direct Cardiac Reprogramming, Regeneration, and Cell Fate Decision” Tsukuba, Japan
2016.9.18

Masaki leda American Heart Association Scientific Sessions 2016, Novel Insights into Cardiac
Development, “Molecular Mechanisms of Cardiac Reprogramming”, New Orleans, USA 2016.11.12-16

Masaki leda Japan-Spain Joint Workshop on Nanomedicine Research

“Direct Cardiac Reprogramming and Heart Regeneration” Madrid, Spain 2016.12.1-2

Masaki leda American College of Cardiology: New York Cardiovascular Symposium “Induced
Pluripotent Stem Cells and Direct Cardiac Reprogramming — Solving Barriers for a Powerful Future: The
2016 New Experimental and Clinical Information” New York, USA 2016. 12.9-11

Masaki leda Joint MRC-AMED Workshop — Regenerative Medicine “Direct Cardiac Reprogramming
and Heart Regeneration” London, England 2017.3.1-2

ZHEMH EFHRET+—7 b 2016 WIARNA FEEK - BEREKZ X 2 5 ERBINERE]
“DFRIEEEY Tn 7T T ORSE L AEER~OICH” F L 2016.7.26

FZMER RWUFBIRHA>DT75 2R “Fibroblast S DFHMEBEA~ADSIELFE” 25 E
2016.8.20

ZHER BEOBEHRE “DRBOELE - FEOFBALLDHFHE~OHREY” HE 2016938
FHER ) D#LERRS OMEEY e s 7 I U7X A0 4 Direct Cardiac
Reprogramming and Heart Regeneration" %2 2016.9.10-11

ZHER MSDweb i#lHE “IDEFELE - RREMFAESDHHE~NOBE" R, 2016.10.26
ZMER CREST-PRIME (XA H /) A A vP—| HRI—T 47 “WEIBICED060Y) 7
177 X IO 5 TR & DR AR~ B T B 2017.1.26-27

FHEH 8 7 8] Tokyo Aztrium Cardiology Conference “/0Mif ELBEF5EIC K 5 1 LV VDI ETE
DBAFE” A 2017. 213

FHER % 81 MAARBRIBES T VARY U A "Direct Cardiac Reprogramming for Heart
Regeneration” 4y 2017.3.17-19

ZHER % 81 MIAXRBREBES TUV T —TAT A ANy ay [BELEERICE
\F % IEEW R A DS % ~D B’ | "Future Perspectives for Cardiac Regenerative Therapy by Direct
Reprogramming” 4R 2017. 3.17-19

ZHEM % 81 Bl EAERBFE LHERHAEY s/ beyday "LHY 7 s 73
I KD DM AR 57 @R 2017, 3.17-19

ZHEH Bl - BERZRA / X—a VAT v 77 ABEENRRE XA L2 TR
77 TN KD DA L oy T R AR B0 2017, 3.22

HASC7R, ZH BEME, gaREe, PREiE, JRBER, &0, B+ <LERM QT MR
IR DA by O 134 [RIEEME SR AGH S HUR 2016.7.9

Taketaro Sadahiro, Naoto Muraoka, Kazutaka Miyamoto, Hiroyuki Yamakawa, Hidenori Kojima, Shou
Haginiwa, Keiichi Fukuda, Masaki leda. “Thx6 directly programs fibroblasts and pluripotent stem
cells into cardiac mesodermal cells” 5 33[a] [E B LEAF 78525 A A5l 2> Featured Research

Session, MU 2016.12.16-17



22.

23.

24.

25.

Kazutaka Miyamoto, Hiroyuki Yamakawa, Naoto Muraoka, Taketaro Sadahiro, Tomohiko Umei, Mari
Isomi, Mizuha Akiyama, Keiichi Fukuda, Masaki leda. “BR5eE o 7 W iE b 2 fFr & L=t
Y EA T AR e TR EREY 02 AT U LA A OFESL” 7 E52018] B A G R S
&, Hn( 2016.12.16-17
HATSCYR, KRR, KRG, mEE—. TRiFE, JFEER, &)L, B “ah
FVECDNOLERQTHRIC G 2 252 552000 H ARG E 72 P ilitEe . HL 2016.12.16-
17
Kazutaka Miyamoto, Hiroyuki Yamakawa, Naoto Muraoka, Taketaro Sadahiro, Mari Isomi, Mizuha
Akiyama, Tsunehisa Yamamoto, Keiichi Fukuda, Masaki leda “Efficient and Safe Cardiac
Reprogramming using Sendai Viral Vectors” #81[a] H AfEERas+2 &I 2017.3.17-19
Taketaro Sadahiro, Mari Isomi, Naoto Muraoka, Kazutaka Miyamoto, Hiroyuki Yamakawa, Hidenori
Kojima, Shou Haginiwa, Mizuha Akiyama, Yuki Kuishi, Shugo Tohyama, Hiroyuki Miyoshi, Yoshifumi
Kawamura, Naoki Goshima, Keiichi Fukuda, Masaki leda. “Tbx6 Induces Cardiac Mesoderm
Program in Fibroblasts and Pluripotent Stem Cells” #581[5] B AfEER %2 4R 2017.3.17-19

(3) TEEREOFE « Hifrdahittz ) (x4 20 A

(4) FFFFHH



