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Cardiomyogenic Potential of Human Adipose Tissue and
Umbilical Cord Derived-Mesenchymal Like Stem Cells

Seah Park, Hyeon Mi Kang, Eun Su Kim, Jinyoung Kim, Haekwon Kim’

Department of Biotechnology, College of Natural Sciences, Seoul Women's University

Objectives: In the present study, we examined the differentiation potential of human adipose- (HAD) and human umbilical

cord-derived mesenchymal like stem cells (HUC) into cardiomyocytes.

Methods: Cells were initially exposed to 5-azacytidine for 24 h cells and then were cultivated in the presence or absence of activin

A, TGF-B1, or Wnt inhibitor with various combinations of BMP and FGF. Assessment of cardiomyogenic differentiation was

made upon the expression of cardiomyocyte-specific genes using RT-PCR.

Results: HAD that cultivated in control medium for 4 weeks after 5-azacytidine expose showed new expression of TnT gene and

increased expression of Cmlcl and kv4.3 genes. However, HAD cultivated in the presence of combinations of BMP-4/FGF-4
(B4/F4) and BMP-4/FGF-8 (B4/F8) showed new expression of f-MHC gene and more increased expression of Cmlcl, TnT, Tnl,
Kv4.3 genes. Significantly enhanced expression of Cmlcl, TnT, and Kv4.3 genes were also observed compared to that cultivated

in the control medium. Treatment of HUC with either 5-azacytidine or combinations of BMP and FGF did not affect the expression
profile of these genes. However, when activin A or TGF-f1 was present in addition to the BMP-2/FGF-8 (B2/F8) after 5-azacytidine
exposure, HUC exhibited new expression of B-MHC gene and increased expression of a-CA, TnT and Kv4.3 genes. When Wnt

inhibitor was present in addition to BMP and FGF, HUC showed new expression of Cmlcl gene and increased expression of

a-CA, TnT, Tnl and Kv4.3 genes.

Conclusions: Based on these observations, it is suggested that HAD and HUC could differentiate into cardiomyocytes which

might be used as therapeutic cells for the heart diseases.

[Korean. J. Reprod. Med. 2007; 34(4): 239-252.]
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o} AAZE7IME (adult stem cells, ASC)= A4
Ado] e il 9lom ] FH (skeletal myoblast,
bone marrow mononuclear cells, mesenchymal stem
cells, endothelial progenitor cells) ©]-2] &7 A3
A 271919 A Agle] o]FejA|a Tk wl
ol EE FElAQl EAFF wete] 7ol
dom, 7P 2 A BAETIAE] 5
NNAEE 7] feliMe LS Rbslof &b
o] itk webs] =R FAE A
ATEel WgH A HEHY,
o, e, B, o S o R
okl WaE ek
Hjo}=E7| A= wllolAl] (embryoid body, EB) 373
Foll Ad= ATAERE skt defA 9l
B gy g 84S 1~25% AER vtorn
AEvic g2 2as Basta vk 2aes =
o]7] $18}] 5-azacytidine 2 cytokineS *]2] 3}
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o 2 demethylation agent$! 5-
azacytidine ©. = 24A17F &<t At 47 & &
= 2otk o]o] i3l Balana &

&5 A3} ALl A AFAMER
gl ©A A7 sty 54
3 B stk 9 S-azacytidine THAI
= activin A7} AAE 59 FA)
9 © 7)™ 2 insulin?} transferrin 59 T}k
A A2E g Aulss dov|= A
AFEZ BslEdeia wag b Qdok?
Gl FQl wel viole] BMP-2E AAkehE
M EZ o] A3} cardiac specification®] A =] 2
BMP-2¢} BMP-4= Zt2} FGF-4¢} 37 285
ZF79] posterior mesoderm= 47459 (cardiac
mesoderm) .= -%=8}3L TGF-B2} activine 84
(epiblast)s LA EZ 3} TRkl Baw Q]
0¥ 3 wnts 2dabgel B EE paracrine/
autocrine A1 & &2 = canonical signal<> B-cateninZ}
T-cell factor/lymphoid enhancer factorS 2Hd3}A]A
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target 21 A-S 243}, noncanonical signal< cJun-
N-terminal kinase (JNK)& X35t oj2] H=2 5 E3l
FAApe] S 2d3E P @A) canonical signal
2 AdMER #3515 ¢ A|3HA| T noncanonical
signal-& A TAIER L] 32 S YA o4y
#] 91 t}.* Noncanonical WntZ A 2]3}7] $J8A =
conditioned medium= AH&-3loF 37 Wil & A
ol A= canonical signals AI5}7] 91819 secre-
ted Frizzled Related Protein-3 (sFRP-3)E * 2|3} %It}

Aol A= Ak el 71413 (human
adipose tissue-derived mesenchymal like stem cells,
HAD)¢} B2l &7]A13E (umbilical cord-derived
mesenchymal like stem cells, HUC)®l| 5-azacytidine=-
24413 EF Agstar 453 o8 7HA] BMP<}
FGF 29& Aelste] AAER] 235 f5=
shitt. g HUCY] A -foll= F7F=2 oy 714
BMPS} FGF 12HE3 7 activin A, TGF-B1 H=
Wat inhibitorE | 2]ste] ALz 5 bS]
w3} 23S Fholr gt

ATCHA o

1. X|Yat HEZRE ST|M=Z2|
&

2. E7|MIZ2| i

1) HAD2| HHQ¥

AzAS 2 22 F 0.075% type 1 colla-
genase (Gibco, Grand Island, NY)7} E3HEl Ca®,
Mg**-free Dubecco's phosphate-buffered saline (DPBS,
Gibco)ell o] 37°ColA 30% &<+ wrkao] vk
A7tk o] & 500 Xg& 3 A5l Pojzl A
XE 100 U/mL penicillin (Gibco), 0.1 pg/mL strepto-
mycin (Gibco), 3.7 mg/mL sodium bicarbonate, 12| 3L
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10% fetal bovine serum (FBS, Hyclone, South Logan,
UT)©| 3235 low-glucose Dulbecco's Modified Eagle
Medium (DMEM-LG, Gibco) ©lA4] 37C, 5% CO,7}
e g el wiEATE i 3 5
HjF8719] midtel] 24 o5& AXE AL 1
Foll 29 wigelS wAslY viYRE71e] 70~
80% L= A7} 2P 0.125% trypsin (Gibeo)
7} ImM ethylenediamine tetraacetic acid (EDTA)7} $F
% Hanks Balanced Salt Solution (HBSS, Gibco)S- 3
w7 AEste AEZE wold &, 2x10%em’] &
L2 AEE vdsieih

2) HUC2| Hj ¥

BZS 100 U/mLe] penicillin® 100 pg/mL2]
streptomycin®] 3 7Fe Ca®*, Mg*-free DPBS® Bl
oo dAg AAT § o Fuke BV F
W27l AASAT Fe 24 | mm’ A7|E
A2 2 139 0.5% crude type collagenase
(Gibco)= 37Tl A 20~2417F A&}t o] %
Ca™", Mg""-free DPBSZ 408] #7}ako] 2L0] A
600 Xg= 1023+ AAEelste] A5NS A7 st
DMEM-LG= 2% A|F3I30t. e AIE£E 100
U/mL penicillin, 0.1 pg/mL streptomycin, 3.7 mg/mL
sodium bicarbonate, 13l 10% FBS7} X 3%+%
DMEM-LGl|A] 37C, 5% CO,7} &= w7
ol A vieksiaitt. wieF 39 5 wi&7]9 nie
of 4 &2 AEE AAsSL 15 2% vl g
& wAEA %S9 70~80% HER AL
7} A2 0.125% trypsin?t 1 mM EDTA7} 7}
HBSS® 3%t A gsle] AZE woil F 2x107
em’e] FER wlgEIch

3) Total RNA 22| & HTAl Setea it
S (reverse transcription polymerase chain
reaction, RT-PCR)

Cell pelletS Ca**, Mg*'-free DPBSE ©|-8-3}] A|
28}al 500 uLe] Tri-reagents %7FgF Uh3 manu-
facturer®] instruction®l] W&} total RNAS F2| 3%
o} 5 ugel RNAT reaction buffer, 1 mM NTP mixture,
0.5 pg/uL oligo(d)T", 20 U RNase inhibitor (Takara,

SHAIOF 2B0| - 224 - BT - ATH

R

Japan), 20 U M-MuLV reverse transcriptase (Fermentas,
Burlington, Canada)”} <3¢ 20 uL WHg- 8o
AL AIFATE HHE2 27T A 6037 %182
t}. Yo% RT products (cDNAs)E 2 mM MgCl, 1X
Taq buffer, 0.25 U Taq polymerase (Fermentas), 10 pM
9] sense®} antisense gene-specific primers”} <3H¥
10 uL ¥-% gd oz PCRES 33 Th Ampli-
fication= % 35 cycles T3} 2™, 7} cycle
94Coll A 30%7+2] denaturation, 3057F2] annealing,
72CANA 30%7t2] extension o2 S E ATH
Annealing 2149 2%+ Table 1] 3%7]3}t} HE
= 4 %, PCR =52 0.25% bromophenol
blue, 0.25% xylene cyanol, 40% sucrose”} ZSHel 6 <
loading bufferel] &3+ ThS- 2% agarose gels ©]-&
ato] A7]gsleh. 17195 5 ethidium bromide
2 GAS}AL yltraviolet lightE ©]-83}o] DNAS] <
22 Qo).

o2 T AN

4) HOAMZBIBIR SA 24

HAD<} HUCS 8-well slide chamber (Nunc, Roche-
ster, NY)oll A B ¥+ ¥ 2% paraformaldehyde”} $F
¥ DPBS &5 °]83to] 4TollA 2417 5
13RIt 1 5 DPBSE 54z 39 A5k
o} g ar A2 A 10% E<F 0.5% Triton X-1007}
¥l DPBSE #2] % A3 T4 endogenous
peroxidase activitiesE #|713}7] $13+4] 3% hydrogen
peroxide (Dako, Carpinteria, CA)= 153-7F RE&-A]7]
< AlH3HITE 2% bovine serum albumins &gk
DPBSOllA] A0 7 1ARF 5<9F WhgAIZIeh 1 5
7} TRA-1-60 (1:20), SSEA-3 (1:50), SSEA-4 (1:50),
Thy-1 (1:20), a-SMA (1:50), vimentin (1:100), CK18
(1:50), CD44 (1:500), CD54 (1:40), CD106 (1:50), FSP
(1:500), vWF (1:200), CD31 (1:40), HLA ABC (1:200),
HLA DR (1:50) mouse monoclonal antibodyS- 4 C | 4]
17~2473F 5_F A2 &, AlH83l ). ©] F bio-
tinylated goat anti-mouse IgG<®} anti-rabbit IgGE 2
2o A 2083 A2tk 31 AH g U, hor-
seradish peroxidase-conjugated streptavidin (Dako)=
20+3F A 2]s13lT). 3,3'-diaminobenzidine tetrahydro-
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Table 1. Primer used for the RT-PCR analysis for stem cell and cardiomyocyte-specific markers

L EREEER

Gene Primer sequence Size (bp) Temp. (C)  Accession number
S'-aca act ttg gta tcg tgg aa-3'

GAPDH senieaies 458 53 NM_ 002046
5'-aaa ttc gtt gtc ata cca gg-3'
5'-cgt gaa gct gga gaa gga gaa get g-3'

Oct-4 smeassmemessnese 245 55 AF268617
5'-caa ggg ccg cag ctc aca cat gtt c-3'
5'-atg gct atg tgt gct atg age-3'

Rex-1 secapiEEaaRts 449 57 NM_ 174900
5'-cct caa ctt cta gtg cat cc-3'
S'-cca ttg atg cct tca agg ac-3'

SCF 8ae =8 275 55 M59964
5'-ctt cca gta taa ggc tcc aa-3'
5'-gct gtg tet ca; att gta gga ata-3'

FGF-5 sEE geegaliglage 434 55 NM_004464
5'-tat cca aag cga aac ttg agt ctg ta-3'
5'-ga aa gat gcc gtg atg tg-3'

NCAM gle e g gatecogleaiele 269 60 NM_000615
5'-ata ttc tgc ctg gec cgg atg gta g-3'
S'-agc cat get agt ttg ata cc-3'

BMP-4 s seragtie 383 55 D30751
5'-tca ggg atg ctg ctg agg tt-3'
5'-gag ctc acc aat gag atg at-3'

Brachyury 335 57 NM_002052
5'-ggc tca tac tta tgc aag ga-3'
5'-gtg ctg cac ttc ttc ata tge-3'

aFP glecis s 218 54 NM_001134
5'-tga cag cct caa gtt gtt cc-3'
5'-ttc cte tte cct cct caa at-3'

GATA-4 194 60 NM_002052
5'-tca geg tgt aaa ggc atc tg-3'
5'-gag cag gaa tgg gaa gaa tg-3'

HNF-4a secssmie e 205 62 NM_178849
5'-ggc tgt cct ttg gga tga ag-3'
5'-ttg cgg ctg ctc age atg tt-3'

BMP-2 seeece sede 315 55 BC069214
5'-ttg cga gaa cag atg caa gat g-3'
5'- gta ttt ctt cac atc cgt gtc ccg-3'

HLA ABC g glelcces 394 70 L18898
5'- gtc cgce cge ggt cca aga geg cag-3'
5'- ctg atg agc gct cag gaa tca tgg-3'

HLA DR srpaesnes = 220 60 X06079
5'- gac tta ctt cag ttt gtg gtg agg gaa g-3'
5'-gtt acc agc cac ctt gga aa-3'

Isl-1 et s = 240 63 BC031213
5'-ttc cca ctt tct cca aca gg-3'
S'-gac ttt ctg aag gat caa-3'

MEF2c s sag s ese 230 64 NM_ 002397

5'-caa gtg cta agc tta tct cag ca-3'
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Table 1. Primer used for the RT-PCR analysis for stem cell and cardiomyocyte-specific markers (continued)

Gene Primer sequence Size (bp) Temp. (C)  Accession number

5'-ggt cta tga act gga geg gc-3'
Nkx2.5 gt 8 BRABCEE 322 64 AB021133

5'-ata ggc ggg gta ggc gtt at-3'
5'-ccg gea ctg tgg act aca ac-3'

o-MHC 598 59 NM_002471
5'-agc ctc tcg tee cte att tc-3'

5'-cta acc tgg aga aga tgt gcc-3'
B-MHC geagagaiete 550 59 NM_000257
5'-tcg atc tca ttc tgt age cg-3'

S'-cag gtc gag ttt gat gct tce-3'
Cmlcl seeegisds 300 63 NM_000258
5'-cga agt cct cat agg tgc ctg-3'

5'-act atc atg gac cag aac ag-3'
Cvmlc2 400 59 NM_000432
5'-agt cct tct ctt ctc cgt g-3'

5'-gct ctt t; a gaa gct ca-3'
MLC-2a g spesagaas 239 57 BC027915
5'-cgt ctc cat ggg tga tga tg-3'

5'-tct get ggc atc cat gaa ac-3'
o-CA gl ee g 400 59 NM_005159

S'-gat gag gaa agg tgg tit gg-3'
5'-tca ctg age gtg get act cc-3'

a-SA 500 59 NM_001100
5'-ctt ggt gat cca cat ctg ctg-3'

5'-ggc age gga aga gga tec tga a-3'
TnT BECAgC gpanEagEaia e 152 57 BC002653

5'-gag gca cca agt tgg gct tga acg a-3'

5'-cct gecg gag agt gag gat ct-3'
Tnl geggagagtgag g 218 57 X54163

5'-tag gca gga agg ctc agc tc-3'

5'-acg cag acc tga tgg att tc-3'
ANP 450 57 NM_006172
5'-aga tga cac gaa tgc agc ag-3'

5'-ttc agc ctc gga ctt gga aac-3'
BNP 350 59 NM_002521
5'-cct tgt gga atc aga agc agg-3'

5'-cac ccc aga aga gga gca cat-3'
Kv4.3 gragageag 322 63 AF048712
5'-agt agc tgg cag gtt aga att-3'

5'-cat gac aag aac cag cga cag tgc g-3'
alc £ £ seeacagiEes 562 68 NM_000719
5'-atc acg atc agg agg gec aca tag gg-3'

chloride (DAB, Dako) &9} 0.2 WHAIELgIT) WhAlo]
¥ M3 DPBSZ A %3}l Mayer's Haematoxylin

(Sigma, St.Louis, MO)©.& thx M3t 5 33t & 1) HADS| &3} R
17 (LSM410; Carl Zeiss, Oberkochen, Germany)3a}ol] ek HAlo] 2X10°%eme] EEo] AEE dojF
A et % 39 Fof 10 uM 5-azacytidine©] % 71¥ DMEM-
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Figure 1. Phase-contrast images of HAD and HUC. A, B, HAD at 3rd passage; C, D, HUC at 4th passage. A, C:
magnification, >X40. B, D: magnification, ><100.

LGE 247t &1F Agstar 45231 7] af golol| A
et AY 10 ng/mL 52| Z} BMP-2¢} BMP-4
o] FGF-4 T FGF-8 Ei FGF-103 %718l 4
F1b wFakelek

2) HUC2| &3} R=

aj ok Aol 2}10°em’e
< 3 %o 10 uM S-azacytidine®] 7} DMEM-
LGE 243+ A gjstal 7] 2ol oz 4531 nfj <k
37} )R aokele] 10 ng/mL 5] 7} BMP-2
¢} BMP4°l| FGF-4 Y+ FGF-8 -+ FGF-10&
7¥ake] 45°3F etk B3k BMPoF FGFet %‘
7 10 ng/mL F%2] activin A (Peprotech, Rocky Hill,

NJ) B+ TGF-B1 (Peprotech)& *2|alo] 45=3F Hl|
et L, BMP9F FGFeF &7 10 ng/mL -5 %9
Wnt inhibitor (secreted Frizzled Related Protein 3,
sFRP-3, R&D Systems, Minneapolis, MN)E- %] 2] 3}
1 = 4577 wjgFatelnh

3) A2MIE=E S0| FHKE LHUL AL

Table 1°14]2] antisense cardiomyocyte gene-specific
primersS AH&-3}%] RT-PCRS A &3} T}

Lo /H]E'E“ Ljo]_%_

2 1

1. HAD2} HUCS| &4 &M

1) SEsHs 2
HADS} HUCS =5t 53 71428} 7

Abe A-frofAlaze] P& HHERTE (Figure 1). 7l
tul%F F<F HADSE HUCO] #4 $5=8 54T
A3} HADE & 1162 (10 Althe] w73 B<t

Hjo}z 7] A 2.6} mljobF kA 3 ]}\1 sk 4
AR1 Oct-4, HlobE7] A3, vjolgfAE, 2R
X, T E7IMENA Tt F3AR] SCF
(stem cell factor), 2JH|S] AMZEA A= F2F
Q1 neural cell adhesion molecule (NCAM)Z} fibroblast
growth factor-5 (FGF-5), T0l§] A|3Zo A W& sl=
7221 bone morphogenic protein-4 (BMP4), UjHl]
A AMzolA k= AR GATA4, vimentin,
2243 BFA 44121 HLA-ABC9} HLA-DR
= 7 7 E71A2e A BT T EsSit) oo
vkl wjolE7 | M E, vijobEdA| ol Wlshs
ALY Rex-13F ul§d Azl A dd sk F4¢
alpha feto protein (aFP)<> HUCOI| A H& 3} 23k
3 FuS] AlEollA Edsk= %A Brachyury 2t
] 2 uiuld AlEeA It BMP2E F
Z7|HEA A B BdEA] ¢ }}E‘r (Table 2).
3) MM ZSIEIH EY B4

HAD®} HUCS W9 lEi‘ri‘ =ARE Esk]
A% A3 F 7 AR EIAE B
dob= TiEe HjolEr|AlEe] £4] =ER U
71 SSEA-3, SSEA-4, T3t =714 34 =44
Thy-1, A3£=2 =221 vimentin, a-smooth muscle

actin (a-SMA), cytokeratinl8 (CK18), A|>XX1% &3
¢l homing cell adhesion molecule (HCAM, CD44),
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Table 2. RT-PCR analysis of stem cell marker genes

SHAIOF 2B0| - 224 - BT - ATH

R

Table 3. Immunocytochemical analysis of proteins

expressed in HAD and HUC expressed in HAD and HUC
Gene HAD HUC Protein HAD HUC
Oct-4 + + TRA-1-60 + -
Rex-1 + - SSEA-3 + +
SCF + + SSEA-4 + +
NCAM + + Thy-1 + +
FGF-5 + + a-SMA + +
BMP-4 + + Vimentin + +
Brachyury - - CKI8 + +
HNF-4q, + + CD44 + +
GATA-4 + + CDs54 + +
aFP + - CD106 - -
BMP-2 - - FSP + +
HLA-ABC + + VWF + +
HLA-DR + + CD31 - -
HLA-ABC + +
HLA-DR - -

intracellular cell adhesion molecule (ICAM, CD54) ~L
2]al 2249 H9A &9l HLA-ABC= HE}
stk olell whsl| wjol=7 A 4] =4S TRA-
1-60S HUCONA &3} ¢k9kal, vascular cell
adhesion molecule (VCAM, CD106), W3 AH|3E E ]
=242l platelet endothelial cell adhesion molecule
(PECAM, CD31)Z} ZAXEFA HA U
HLA-DRS 7 Z7|HE B0l A wash«] kot

(Table 3).

2. HAD2I HUCS| MZAMIZ 50| |RTRE L

4

HADS} HUCO] AlAHE 5] fxzte] W
ZA}slI T} (Figure 2). Cardiac progenitor cell marker
714121 myocyte enhancer factor-2C (MEF-2C), Isletl
(Isl-1) Z12] 31 NK2 transcription factor related, locus5
(Nkx2.5) 312 &Hds 2AsE A3, MEF2CE
HADS} HUCOIA B & 3k3) i, Isl-1-> HUCY
A RE B RGITh 1 u Nkx2.5+ HAD®F HUC®]

A B mEsA] 2Rkt Thick filament component
4221 cardiac ventricular myosin light chain-1
(Cmlc-1), atrium myosin light chain-2a (MLC-2a), -
myosin heavy chain (a-MHC), B-myosin heavy chain
(B-MHC) 18] 3L cardiac ventricular myosin light chain-
2 (Cvmlc-2)E Z=AFSH A3}, Cmle-1-2> HADS} HUC
oA R W5t o), HADOIA Hrh 7hgk
UPAS H Y om MLC-2at= HUCO| A RF 2339
t}. 3 -MHC, p-MHC 12|31 Cvmlc-2E HAD
o} HUCOIA ZFell A @ shA] 8¢ttt Thin fila-
ment component -3 A1 a-cardiac actin (a-CA), a-
skeletal actin (a-SA), troponin T (TnT), troponin I (Tnl)
+ HAD®} HUCOIA 25 3 E ST} Potassium
channel 4421 Kv4.3%= HADS} HUCONA EF
Whe 519 o v, HUCON A Bt} 78] s ar
calcium channel A%}l alCE HUCO A TF &H&

SF3lt). ShAH, natriuretic peptide®! atrial natriuretic

245 -
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Cardiac progenitor cell marker

HAD HUC
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.

Thick filament component
HAD HUC

i N
.—
oz [0
vec-2a [

cmict [

Natriuretic peptide
HAD HUC

ave [
one [ I

Figure 2. Expression profiles of cardiomyocyte-specific
gene in HAD (3rd passage) and HUC (2nd passage).

Thin filament component

HAD HUC

™ [
oo |
o [
[l

fon channel
HAD HUC

=
atic [

earoH oA

peptide (ANP)®} brain natriuretic peptide (BNP) -
HA= HADSF HUC EFellA] He =] eFokrt
(Figure 2).

3. HAD2| #ZMIZEZ2| &3}

HAD+ S-azacytidine= 24A|3F A E]gh - 4 &
ot 7] Eu g o2 st AL (5-aza)v S-azacy-
tidineS *2|3FA] & vt A (HxT) Hrh
TnT 32 d&o] EFA F=FHANL™ Cmicl 2
Kv4.3 Fz}p wedo] F71ekalth (Figure 3).

5-azacytidine S 24417 A2 gk & BMP-2¢] FGF-
4 (B2/F4) B FGF-8 (B2/F8)S 3 7lato] wiofst
A X S-aza BT Tnle] Wdo] Zrlslglom,
BMP-29} FGF-10 (B2/F10)2 3 7}alo] mjFst A
X B-MHC 3 Zd o] A5
Cmlcl, Tnl®] T3 o] Ho] F71E 3Tt BMP-49
FGF-4 (B4/F4) "=+ FGF-8 (B4/F8)S H7}sle] 45
7 HHOI:E;L M= B-MHC AR o] A=A

S5 2™, Cmlcl, TnT, Tnl 28]31 Kv4.3 A=}
%‘6&01 Z71= 21tk BMP-49} FGF-10 (B4/F10)2 Hj

28 SINEZRH &2MEZ 25

FrEE o,

= L EREEER

30

C 5-aza B2IF4 B2F8 B2/F10 B4IF4 BAF8 BA/F10
B-MHC

Cmlc1
o-CA

nT
Tnl
Kv4.3

GAPDH

EHII!I

Figure 3. Gene expression profiles in HAD at 4 weeks
after cardiac differentiation. Cells were differentiated
with various combinations of BMPs and FGFs.

Fet ME= TnI® Kv439] HdL 1 S7181lA]
9k Cmlcl19] ®d-2 743} (Figure 3).

4. HUC2| &M ==2| &=}

1) SHefstd A

HUC-2 5-azacytidines 24A|7F A 2|gh & 477
el vl izt vlaste] Pz W=
HAE A eFUdT} (Figure 4A). =3 S-azacytidine ]
7] & 2] 7}4] BMPS} FGFE #H7Fshe] w3t
RN Wk o 7Hx] BMPSF FGF =9 §H7
activin AS H7}sle] ndslel S we Ulz=Ty
Waste] FelH Walh wAsA ek el
5-azacytidine *]2] ¢ oJ&| 7}4] BMP} FGF =3}
I A TGF-p1E F7bete] wjdstals wWe Al
Fdo] ta HA HA= A WsE vEl
(Figure 4B).

2) BMP2} FGF2 Xzt 28 |&

HUC< 5-azacytidine= 24X AHE|gk & 45°3F
HjeFsllS o tixT 2t Cmlel F-302F w0l
S7F3 04 a-CAS} kva.39] Wgo] 7HAakqlnt (Fi-
gure 5).

5-azacytidine 2] - BMP-2¢] FGF-4 (B2/F4) &=
= FGF-10 (B2F10)S A715te] wjokah Al o
Z::rLEUr Cmlcl, a-CA, TnT9] ¥3lo] thh F7}s}
= Ao ® BAEJ O Kvd3S A o
AP dS UeERATE BMP49} FGF4 (B4F4)E 37}
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Figure 4. Phase-contrast images in HUC at 4 weeks
after cardiac differentiation. A, Cells were cultured after
exposure for 24 hr in serum free DMEM (C, control) or
serum free 5-azacytidine (5-aza, 5-azacytidine). B, Cells
were differentiated with various combination of BMPs
and FGFs without additional factors or in the presence
either of activin A or TGF-$1.

o] v kst A ¥+= Cmilcl, a-CA, TnT2] &do| =
7k o Kv4.32] & o] 74313tk BMP-29}
FGF-8 (B2/F8)= F7lato] mikeh A3+ Kv4l
Azparo] W& 39 0, BMP-49} FGF-8 (B4/F8)<
A7rete] vjke AEE RE FHAAE 23R
29k}t BMP-4¢} FGF-10 (B4/F10)& v &3t A E+=

< T Kvd3 EHFYTE YERIT (Figure
5A).
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Figure 5. Gene expression profiles in HUC at 4 weeks
after cardiac differentiation. Cells were differentiated with
various combination of BMPs and FGFs without addi-
tional factors (A) or in the presence either of activin A
(B) or TGF-B1 (C).

3) BMP2} FGF =¢gtat €W activin A EE=
TGF-p1 A2lgt 25

HUCS BMPS} FGF 282 7 activin AS 3
7kete] 45 &t wjgat
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(B2/F4) T3 FGF-8 (B2/F8)S #7lsldle wief Aglate] 1, 4731 vieFet Alae] AAlE B
BMP-49} FGF-8 (B4/F8)S H71e ZgollA 713 Azke] WA FAFSISIT) S-azacytidines %12 g
B FaAke] HdS7E AT S-aza Bk B- 0 F 15 < E3AZS W BMP-27F A 1
MHC %H3lo] A& o] FE5 o™, a-CALF Kv4.3 o = FGF9] RE FHFol|A 5-aza BU} Cmlcl &
F-AAFe] ke o] F71E o Cmlel, TnT —L2]aL o] AZ2o] FE=H ATt TnTL} Tnl 18]I Kv4.3

o nju

Tnl®] YAZ7P7F HolA| e Ao AFEAY Fxx} wddo] S7h whH o-CAT R 734313
(Figure 5B). BMP%} FGF =312} 7] TGF-p1= 3 t} BMP47} A gl¥l 1E T3 FGFY RE %
7hete] 47 E}F wigslals Wi BMP-29} FGF-8 4] 5-aza Bt Cmlcl -3AF Wéo] Af=o] 7=
(B2/F8) “1¥]3l BMP-2%} FGF-10 (B2F10)S H7F  HQlal Tnl®F Kvd3 2 o] F7fsglon

3198w S-aza XU} B-MHC W&ol AlZo] %= o-CAS} TnT A A& Zpol7) gl o] 5
o™ Cmlcl, o-CA, 18|31 Kv4.39] Halo] = BMP-48} FGF-10 (B4/F10)°] A &|¥ A|XEo A 71

7FE A (Figure 5C). B2 Ak HEI7PE YERT (Table 4). 17
4) BMP2t FGF Z=&at 2 Wnt inhibitor & 45 St wigFeidls vl RE AdelA BE
2let 23 7= kel o] 154 B} ZHAE T (Table 5).

HUCS BMP®} FGF %% &7 Wnt inhibitor

Table 4. Gene expression profiles in HUC after differentiation induction with BMP, FGF and Wnt inhibitor for 1 week

Gene C 5-aza B2/F4  B2/F§ B2/F10 B4/F4  B4/F8 B4/F10

Thick filament ~ P-MHC - - - - - - - -
component Cmlcl - - + +/- +/- +/- +/- ++

a-CA ++ +++ ++ ++ ++ +++ - -
Thin filament TnT ++ ++ -+ - - ++ ++ ++
component

Tnl - +/- ++ ++ ++ + + ++
Ion channel Kv4.3 +/- +/- + ++ ++ =+ ++ -+

C, control (cultivated in complete medium for 1 week after exposure in DMEM-LG for 24 h); 5-aza, 5-azacytidine;
B, BMP; F, FGF

Table 5. Gene expression profiles in HUC after differentiation induction with BMP, FGF and Wnt inhibitor for 4 weeks

Gene C 5-aza B2/F4 B2/F8  B2/F10 B4/F4 B4/F8  B4/F10

Thick filament p-MHC B B B - B B B -
component Cmlcl — — - - - — — -

a-CA ++ +/- - +/- +/- +/- +/- +
Thin filament TnT ++ +/- + + + + + +
component

Tnl - +/- + + + +/- +/- +/-
Ion channel Kv4.3 +/- +/—- +/- +/- +/—- +/—- + +/-

C, control (cultivated in complete medium for 4 weeks after exposure in DMEM-LG for 24 h); 5-aza, 5-azacytidine;
B, BMP; F, FGF
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2 AT A= HADS} HUCO| 5-azacytidine=
24X 7F 2 2] 8}aL, BMP, FGF, activin A, TGF-B1, Wnt
inhibitorE: A 2|3k §- AI5o] FHAke] o] F
7bele A& #FSGIh F e wiolE7IMEE 1
UM 59| 5-azacytidineS 6417+ A&k 3d &
of g3 Zo] FEH wl o Alekel uj
OFZ7|MAEE 1 pM 2 10 uM 52 S-azacytidine
~8A7F HElakar 15Y ot MLt s W A
Azke] wrdo] Frhethar BaEgleh
T 271429 9E Ada =71
S Z+2ZF 6 pMI}F 10 uM 2] S-azacytidine=
T S| AAEZE Esfeitiar
13159t} Demethylation agent®] 5-azaycytidine
o] o] mechanismol] &3] AlZAEZ 3} f-=
sh=A] o}A] WE XA kot HE S-azaycytidine
A F A T VM SEs A
& A3 F 1700709 SE F 11718 g ol
7kt 26709 @ do] FHAetl=d o] T
Aaze] FA# Estell A ¥ alpha B-crystallin,
annexin A2 “1#] 3l stathmin 1 T2 o] BAx 0%
t}® o]& m|Fo]Hol 5-azaycytidine ﬂﬂ"g Els
-8} S-azaycytidineol] o]l A7} st &
| F717E SOk AlAER 0] Bo] #3) JJrX =
u) = Ao r A7 4= 9l

Abere] wljo}E7 | M A& 5-azacytidine T4 activin
AE 2447F A2 49 52 10 ng/mlS] BMP-4
S Agee WE AeAZe 23 freda
F 9] njo}&E7] M3 visceral endoderm like cell line
(END-2)7} § BMP-2E 371she] w38l bea-
tingdh= Al ZE7} S71skvka B s vk Zebra-
fish®] vjo}= in vitro ¥l A] BMP-2E #7186l
S | cardiac contractility”} Dol FF2] pre-
cardiac mesoderm®l] <1743l FGF-82 2&3}+= Winj
AL AASA =W Nkx2.59F MEF2CE &3t
A25e] FHAEe] Wwdo] 7HAdkal FGF-85

SiAIOH- 280 B2 - A E - Lok

=g o] W BMP7} &¥ =
Lo MRt Fdate] wdo] FUbE= B OE Hol
early cardiogenesis 2}’d2 FGF¢} BMP =55 2
Q& gar Ajke wp Qub mEgk FGF-87)
Mespl 2= Ao duiEd T Fuigdolra] &
A= S+=Hl knockout mouseE ©]-83 AT A}
ol FAAR= AFHATHMES] early specification®]]
TQ3 9T 3= Flom deA Ik 279
non-precardiac mesoderm®] cardiogenic inductionS
%=3R= BMP-2/47} FGF-2/49] tizl&4 A4 A}
leukocyte inhibitory factor+=
BMP-2/45 thA|sHA] 33 2™ FGF-7, activin A ~L
2] insulin® FGF-2/4%5 tiAllahx] Sk o]
& How nFo] AEsE F=3 u BMPS
FGF&= I4% B o8 of AXIth
g H O] wjolFGAIER] P19 AMES} wjotE
7] A|3EZE noncanonical WntQl Wntll conditioned
medium O % WSS AIAER F3eqlaL
3637 A}kl endothelial progenitor cells (EPCs)<
neonatal ATrA|ES} Fusle] 3l fEEH
noncanonical Wnt¢l WntSa, Wntl17} &7}= 91}
R4 canonical signal<- ] #|8}3l noncanonical
signal> SABIA T 0B ATAER BIE X
A = & Floe=E Bt
£ AFo A HADT S-azacytidineS *2]8tal o
e 7}X] BMP$} FGF9| Z3to.2 453k w3t
S BMP-2/FGF-10 (B2/F10), BMP-4/FGF4 (B4/F4),
BMP-4/FGF-8 (B4/F8) Z=710|A] At5o] F7d2te]
o] FuHAAl Folxlth et HUCE 5-
azacytidine *12] % BMP<} FGFel 2|3t g37} ¢l
9o} BMPS} FGFS} M activin A %3 TGF-pl
S #H7ksto] wiFsilS W, activin A9 TGF-B1 A
2] 27 E5ollA BMP-29} FGF-8 (B2/F8)°] &7
HA7be M9 AlE5o] FA; o] 7 wol
7kt wEbA HUCS Al &35 flaiM=
BMP®} FGF$} 17 activin A B2 TGF-B12] signal
o] dazgt Z1ox #FEATE 12J1} Wnt inhibitor

= AHgske] 15:7F vldslA S W activin A B

activin-A, insulin ~12] 3l
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