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Cardiac Regeneration by New CM
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Cardiac Regeneration by FSTL1



Myocytes

Nonmyocytes

By Cell No.

25~35

65~75

By Cell Mass
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~10

90~95 Fb

By Cell Vol.
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20~33
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Myocytes and Nonmyocytes in the Myocardium
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2006 Chem Biol

Introduction of BIO

2’Z,3’E-6-Bromoindirubin-3′-oxime

No Further Study…
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Effect of BIO on Proliferation of CM and cFb
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Effect of BIO on Pro-fibrotic cFb

20 mM LiCl, BIO 3 days Tx



Effect of BIO on Akt and p27 in cFb

BIO 5 days Tx



Inflammatory phase

Reparative phase

Arter Thromb Vasc Biol 2009, J Am Coll Cardiol 2012, Circ Res 2014
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J Cell Mol Med 2014, Sci Rep 2015

Cardiac Recovery by Macrophage Modulation



Anti-inflammatory Effect of BIO on RAW264.7 cells

LPS (100 ng/mL) treatment for 24 hours

20 mM LiCl



2013 J Mol Cell Cardiol

Fibroblasts and Macrophages
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Effect of BIO on Crosstalk between cFb and  (1)
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5 µM BIO or 10 ng/mL IL-4
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Co-culture of cFb with THP-1 MO for 72 h induced MФ differentiation



Effect of BIO on Crosstalk between cFb and  (2)

IL
-1

0
 m

R
N

A
 (

fo
ld

)

0

100

200

300

400

TGF - LPS LPS LPS

IL4 - - BIO LiCl

*

*

- LPS - - - LPS LPS

- - IL4 BIO LiCl BIO LiCl

* * *

0

0.5

1

1.5

2

2.5

3

A
rg

in
a
s
e

a
c
ti
v
it
y
 (

fo
ld

)

50 ng/mL TGF-β 



- LPS

- - BIO

iNOS

GAPDH

Effect of  BIO on Activated Macrophages

Control     LPS    LPS+BIO       LPS     LPS+BIO

GAPDH

4hr 24hr

TBK1

IKKγ(NEMO)
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Raw cell 264.7, BIO 5μM 



Effect of  BIO on IKK in Macrophages

Control  LPS  LPS/BIO  Control  LPS  LPS/BIO  

Nucleus Cytosol

pIKKε

Laminin B

GAPDH
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Cardiac Regeneration in Zebra Fish HF Model

72 hpf Tg(cmlc2:GFP) transgenic zebrafish larvae, 2.5 µM aristolochic acid for 3 h  



Therapeutic Effect of BIO on MI Model

0.2 mg/kg BIO treatment 





MI+BIO: CD68(+)Arg1(+)MI+Veh: CD68(+)Arg1(+)

DAPI CD68

Arg1 Merge
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Anti-inflammatory  in BIO/MI Group
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Microarray Analysis of BIO-treated CM



• BIO enhances the proliferation of CM and reduces the proliferation of Fb. 

• BIO produces anti-fibrotic effects in Fb.

• BIO promotes monocyte differentiation into anti-inflammatory M.

• These beneficial effects of BIO can be observed in a zebrafish HF model 

and a rat MI model. 

• This study supports the further development of BIO as a drug to target 

the cardiac microenvironment and improve remodeling after MI.

Summary: Pleiotropic Effects on Cardiac Environment Cells

F/E of BIO derivatives 




