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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 B-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 -1 was present in addition to the BMP-2/FGF-8 (B2/F8) after 5-azacytidine
exposure, HUC exhibited new expression of f-MHC gene and increased expression of a-CA, TnT and Kv4.3 genes. When Wt
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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Gene expression
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ol AAZ7) AL (adult stem cells, ASC)E HU
Aeo] MNaE]a glor U] L (skeletal myoblast,
bone marrow mononuclear cells, mesenchymal stem
cells, endothelial progenitor cells) ©]4+S] &7 430
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wlo}Z 7| A Z = o} (embryoid body, EB) @73
Fo| AAR ATAZE B3y dEA vk
1516 9} AEAL 1~25% AR wom A+
Asuith g2 232 Busty vk £38S ¥
0]7] $]3}e] 5-azacytidine 2 cytokines =] 2] 8}
B Tl A3 AgH D Yok AA
Z7\HAEE AZAER 23 8] fske] 7t
A

= WPHE demethylation agent$l 5-
2 &

azacytidine© 2 24A17t EF A #skaL 45 oA
ste AES G Ao o] U3l Balana
2o we x1g3 Ay ALoA AGAES
Qolpx) @ @A WA 54

by Baskglth? 398 S-azacytidine THA
FGF-2 L& activin A7} ATHE S/ Fd4
1182 o) 0 7)1 2 jnsulin?} transferrin 5] THEE
22S 3 M A ALEE 4ol A
oAz BaEoty Rag v gok?
A 9l we
hya

=,
i)

21 gho] ujolo] BMP-2E AAHSH=
T = o)X} cardiac specification©] 2
BMP-29} BMP-4+= 717} FGF-4} 317 28314
Z59] posterior mesoderms 417FE I} (cardiac
mesoderm) &2 %33 TGF-p<} activin i<
(epiblast) S ATA TR £3} FEFThL RIS
t}? 33 wnte 2e3gel LAY = paracrine/
autocrine A &2 A 2 canonical signal B-catenin¥}
Tecell factor/lymphoid enhancer factor® /3 3|7

ey Aol o8l |

target 342 223}, noncanonical signal cJun-
N-terminal kinase JNK)< Z33+ o2 425 &5
sAA e BAZE 248} @A) canonical signal
o AoMEze] B3E A 841t noncanonical
signal e AZMER ¥3E TV &
7 ¢)t}* Noncanonical WntZ x2]3}7] =
conditioned mediumS AH&-3foF 37| wiol ¥
Tol| A= canonical signalS A 571 $18He] secre-
ted Frizzled Related Protein-3 (sSFRP-3)2 2|3}t

B Ao e Alge] Aukfel 714X (human
adipose tissue-derived mesenchymal like stem cells,
HAD)%} BZE Z71HE (umbilical cord-derived
mesenchymal like stem cells, HUC)®ll 5-azacytidine&
2447+ St Agsta 453t g} 7 BMPS
FGF %< Agstel AoAEze 345 #%=
stk wek HUCY Aol F71E o2 714
BMP$} FGF 1253 7 activin A, TGF-Bl H3=
Wnt inhibitorS A 2]ate] A2AERe] AR
B3} 24& ottt

GETH PRI

g 4 A ARG ARFE 222 4217 ol
Aol AL

2. EI|MIZ2| HHQF

1) HADZ2| H{Qf

Atz AS A A= F 0.075% type 1 colla-
genase (Gibco, Grand Island, NY)7} E&# Ca™,
Mg**-free Dubecco's phosphate-buffered saline (DPBS,
Gibcoyoll 201 37Tl 308 <k aukstod Wke
AZTE o] & 500 Xgz 3H A3 Dol Al
ZZ 100 U/mL penicillin (Gibco), 0.1 ug/mL strepto-
mycin (Gibco), 3.7 mg/mL sodium bicarbonate, 12} 3
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10% fetal bovine serum (FBS, Hyclone, South Logan,
UT)o] Z34 low-glucose Dulbecco’s Modified Eagle
Medium (DMEM-LG, Gibco) A 37°C, 5% CO,7}
FTEES Y] delA wigsisich Mg 39 %
B FE719] viete] X ke AEE AASIL |
Foll 2/ wiFHE wASAT vk )] 70~
80% A== MXE7} ZehE 0.125% trypsin (Gibeo)
3} 1mM ethylenediamine tetraacetic acid (EDTA)7} &
¥ Hanks Balanced Salt Solution (HBSS, Gibco)2 3
=k Agat] AEE gold & 2x10%em’e] 5
2 AEZE wigsiic

2) HUC?S] HiY

HES 100 UmL9] penicillin® 100 pg/mL<]
streptomycin®] H7HE Ca®, Mg®-free DPBSZ Bi &
Fe] GHE AA} F o5 FuS "y)u =
92708 AASAT Fe 24E | md 372
AE F 22 99 0.5% crude type collagenase
(Gibco)= 37TCollA 20~24217F Xglsledet, o] &
Ca™, Mg*'-free DPBSE 40 H7}slo] Lo A
600 x<g= 1047 YAEE8lY AERS AAs
DMEM-LG= 2% Al 35ttt 2el| AlZE 100
U/mL penicillin, 0.1 pg/mL streptomycin, 3.7 mg/mL
sodium bicarbonate, I3 10% FBS7} X33
DMEM-LG®lI A 37T, 5% CO,7} &FHE w7
Well A vkttt vk 39 5 ujkg7)o] nigt
of 84 %< AMEE AASII 159 2 v
& ARSI FE7]9) 70~80% BER AE
7} ZFehd 0.125% trypsin#} 1 mM EDTA7} 7}
HBSSZ 3&3F Aejste] MEE wojil 3 2x10%
cm’e] FEE ujkargict

3) Total RNA 22| 2 HXA} SstaA oy}
S (reverse transcription polymerase chain
reaction, RT-PCR)

Cell pellet& Ca®", Mg*"-free DPBSE ©]&3}o] A
3} 500 pL2) Tri-reagentS A 718F S manu-
facturer] instruction®ll W} total RNAS £&]3}%
T} 5 ug®] RNAT reaction buffer, | mM NTP mixture,
0.5 pg/uL oligo(d)T", 20 U RNase inhibitor (Takara,

=

SMIOL- 20| - 224 ARG - AHA

Japan), 20 U M-MuLV reverse transcriptase (Fermentas,
Burlington, Canada)’} &3 20 pL 9Hg -2 oo) A
AAAE AR B2 2TolA 60837 X aEY
o @oJX RT products (cDNAs)E 2 mM MgCl, 1<
Taq buffer, 0.25 U Taq polymerase (Fermentas), 10 pM
9] sense®} antisense gene-specific primers”} &3Hg
10 pL W3- N0 2 PCRE F#5ITE Ampli-
fication F 35 cycles T-H3H 0™, 2} cycle
94°Cell A 3023Fe] denaturation, 3033+] annealing,
72°CAl A 3053+9] extension FH o2 AT
Annealing 9] &%= Table 19 E7)3t}, 1k
< 4 %, PCR BAEEL 025% bromophenol
blue, 0.25% xylene cyanol, 40% sucrose”} Z3+H 6 X
loading bufferol] £33t T3 2% agarose gel & ©]&
ko] 71983ttt 21719% F ethidium bromide
2 MBI ultraviolet lightZ ©]-2-38F] DNAS] o
Ao 04041:}'

e TAMM

4) HAM|Z3}IE EH M

HAD<} HUC-S 8-well slide chamber (Nunc, Roche-
ster, NY)oll Al 9 gt & 2% paraformaldehyde”} &}
% DPBS &g ©]&3dto] 4TolA 2412k Sk
u7gslvh. 1% $- DPBSE 587 3% A3y
o 23 A2 A 108 2k 0.5% Triton X-1007}
gHr€ DPBSE Ag ¥ 41Z3 t}S endogenous
peroxidase activitiesE | #3}7] 91519 3% hydrogen
peroxide (Dako, Carpinteria, CA)Z 15%7F ¥F-&-2)71
F AA3EHATE 2% bovine serum albuming -85
DPBSO|l M d202 1AI7F ¢t whe-A)Zith 21 &
Z} 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 antibody S 4 °C of| A
17~24A17F Fet A &, AFsIA . o] & bio-
tinylated goat anti-mouse IgG9} anti-rabbit [gGS 4
204 2083F AHEsct 3 AH e thS hor
seradish peroxidase-conjugated streptavidin (Dako)S
203t A 2] &Sl 3,3-diaminobenzidine tetrahydro-
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Table 1. Primer used for the RT-PCR analysis for stem cell and cardiomyocyte-specific markers

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

GAPDH gelales s 458 53 NM_002046
5'-aaa ttc gtt gtc ata cca gg-3'
5'-cgt gaa get gga gaa gga gaa get g-3'

Oct-4 Bt 72 501 687 220 BEA BAA ELE 245 55 AF268617
5'-caa ggg ccg cag ctc aca cat gtt ¢-3'
5'-atg gct atg tgt get atg age-3'

Rex-1 g got g TgLEctalz o8 449 57 NM_ 174500
5'-cct caa ctt cta gtg cat cc-3'
S'-cca ttg atg cct tca agg ac-3'

SCF a8 £ 275 55 M59964
5'-ctt cca gta taa ggc tcc aa-3'
5'-get gtg tet ca att gta gga ata-3'

FGF-5 gclete g 88E a0 g B 434 55 NM_004464
5'-tat cca aag cga aac ttg agt ctg ta-3'
S'-ga aa gat gee gig atg tg-3'

NCAM 898 888 872 BRI BOC EIE AL 18 269 60 NM_000615
5'-ata ttc tgc ctg gee cgg atg gta g-3'
5'-agc cat get agt ttg ata cc-3'

BMP-4 s gctagtie 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 tge aag ga-3'
S'-gtg ctg cac ttc ttc ata tgc-3'

aFP glecie & 218 54 NM_ 001134
5'-tga cag cct caa gtt gt cc-3'
5'ttc ctc ttc cct cct caa at-3'

GATA-4 194 60 NM_ 002052
5'-tca geg tgt aaa gge ate tg-3'
5'-gag cag gaa tgg gaa gaa tg-3'

HNF-4a gag cag gaa fgg gaa gaa’e 205 62 NM_ 178849
5'-gge tgt cct ttg gga tga ag-3'
5'-ttg cgg ctg cte age atg tt-3'

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

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

HLA DR galpage g st 5 220 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 gt s £ 240 63 BC031213
5'-ttc cca ctt tct cca aca gg-3'
5'-gac ttt ctg aag gat caa-3'

MEF2c s § aag BT EEE 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 gcg ge-3'
Nkx2.5 Bt g seage s 322 64 AB021133

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

a-MHC 598 59 NM_002471
S'-agc cte teg tee cte att te-3'

B-MHC ota ace tgg aga aga tgt gec-3' 550 59 NM_000257
S'-teg atc tea tte tgt age cg-3' h

5'-cag gtc gag ttt gat get tec-3'
Cmlcl selcgasiteate 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 tet ctt ctc cgt g-3'

S'-getett t, a gaa gct ca-3'
MLC-2a g segpagaag 239 57 BC027915
S'-cgt ctc cat ggg tga tga tg-3'

5'-tct get gge ate cat gaa ac-3'
a-CA gl E8 & 400 59 NM 005159

5'-gat gag gaa agg tgg tit gg-3'
5'-tca ctg agc 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 gea tec tea a-3'
TnT BEC agc gea dga ega lec e 152 57 BC002653

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

S'-cct gcg gag agt gag gat ct-3'
Tnl segapagteass 218 57 X54163
5'-tag gca gga agg ctc age te-3'

5'-acg cag acc tga tgg att tc-3'
ANP gt £atee 450 57 NM 006172
5'-aga tga cac gaa tgc agc ag-3'

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

5'-cac cec aga aga gga gea cat-3'
Kv43 , Baagagga g 322 63 AF048712

5'-agt agc tgg cag gtt aga att-3'
S'-cat gac aag aac cag cga cag tgc g-3'

alc g g segacaglece 562 68 NM_000719
5'-atc acg atc agg agg gce aca tag gg-3'

chloride (DAB, Dako) 890 2 WAl oit) whalo]

- . 3. MZMEZRL| B3 8
¥ AE= DPBSE A3 3}3L Mayer's Haematoxylin a o

(Sigma, St.Louis, MO)O.2 % GAlst & s} 5 1) HADS| &35} o
17 (LSM410; Carl Zeiss, Oberkochen, Germany)&}oi] vl Aol 2X10%cme] =2 NITE Yolz
Al sk 334 Z9 10 uM S5-azacytidine®] 7} 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, <40. B, D: magnification, >100.

LGE 24417k B¢t Aglaha 453F 712 gl A
aj sl ALY 10 ng/mlL FE2
o FGF-4 = FGF-8 & FGF-10& #71sto] 4
20 wFesith

2) HUC?2| &3l RE

ok Aol 2x10%em’e] FE ALE ¥olE
% 39 Bl 10 uM 5-azacytidine®] 3 7}€ DMEM-
LGE 24A17F HEsta 7| 2ulFA 02 4530 uj
AU 71 2uekHol 10 ng/mL F= 7 BMP-2
9} BMP4°| FGF-4 £+ FGF-8 & FGF-10& #
7Vete] 433t wiFslgiTh. £ BMPS FGFeF &

7 10 ng/mL "5 59| activin A (Peprotech, Rocky Hill,
NJ) = TGF-pl (Peprotech)& 72| 8}o 4—2;‘7} BH
o¥3}sd 51, BMP9 FGFS 7 10 ngmL &
Whnt inhibitor (secreted Frizzled Related Protein 3,
SsFRP-3, R&D Systems, Minneapolis, MN)E ] 2] 3}
1 = 4537 agsisith

3) AITHIE S| SNAL WHAUM TA}

Table 16141 2] antisense cardiomyocyte gene-specific
primers& AH&-3to] RI-PCRS Al H3k3ith

i

i}
1. HADQ} HUCS| &4 £
1) HEfSIN BN
HADS HUCLS E56d 57 7129 +

AR3E AGolAZ ] FejE Vel (Figure 1). A

ok E<F HADS HUCY #4E 58 5
A3} HADE & 1169 (10 Al widr|zr

offf o2
2o X

HADS} HUCS E71AE 3 frxat 84 23
vjo}Z 7] A 2o} wfolEEA E A Fr
219 Oct4, BlotE7| M, wlolZdME, 2 5A
Z7|AFEAA EEate 7R SCF
(stem cell factor), 2J¥lS] A EoIA BHF}= FHA
o] neural cell adhesion molecule NCAM)#} fibroblast
growth factor-5 (FGF-5), 0l Al XA 2&st=
7 2+2] bone morphogenic protein-4 (BMP4), WHH
o MEolA FdsH= F5942] GATA4, vimentin,
Z2 A&k E.ﬁ]—;‘(ﬂ A4 =21 HLA-ABC%} HLA-DR
& T A E7AEAAN BT L@l el
uks] wjolE7 M X, HHOP‘Ob‘ﬂJ—Oﬂ’ﬂ ”Lfﬂfﬂb
AR Rex-13} WHEl G Mo A @k F34
alpha feto protein (aFP)& HUCOIA Z@AsHA] &3k
1 g AEolA &S = F-3AF Brachyury 2t
Zulg] 2 g AlZolA HEskE BMP2E T
%ﬂxﬂﬁow E-‘:r el 312] 2ttt (Table 2).

_1_, _6.7}_03

—l —I — |
HAD9Jr HUCS WA T35 #4Re S35
2% A3 F MR AR S7IHE BF
gale oS wolEr|EY] ¥4 =22 ¢
% SSEA-3, SSEA-4, =2t E71ME 84 =41l

Thy-1, AIZ&4 £ <! vimentin, a-smooth muscle
actin (0-SMA), cytokeratin1§ (CK18), NIZA%H =2
¢] homing cell adhesion molecule (HCAM, CD44),
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M343 M42, 2007

Table 2. RT-PCR analysis of stem cell marker genes

SHAIOH- 20| - A2 - ARG - Zdl

]

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 - - CK18 + +
HNF-4q + + CD44 + +
GATA-4 + + CD54 + +
aFP + - CD106 - -
BMP-2 - - FSP + +
HLA-ABC + + VWF + +
HLA-DR + + CD31 - -
HLA-ABC + +
HLA-DR - -

intracellular cell adhesion molecule (ICAM, CD54) L
2lal 2243 B34 3919 HLA-ABCE e}
Wk oo W) wlolE7|ME %A B9 TRA-
1-60-2 HUCONA W& 3}x] 2Ftal, vascular cell
adhesion molecule (VCAM, CD106), W3] AL Z X
E42!] platelet endothelial cell adhesion molecule
(PECAM, CD3DZ =AY HFA <
HLADRZ F E7|HE EFoA H&31A] gkgkrt
(Table 3).

2. HAD2} HUCS| MZAMIE 50| RFA} W

2y

HAD®} HUCS] AZAE Eo] fdAe Lde
ZAFa}SIT} (Figure 2). Cardiac progenitor cell marker
21 myocyte enhancer factor-2C (MEF-2C), Tsletl
(Isl-1) ~28]31 NK2 transcription factor related, locus5
(Nkx2.5) F32F HdS FAS 43}, MEF-2C=
HAD$} HUCO A =5 Wl stgla, sl-1-& HUCOl
ARE st 18y Nkx2.5% HADSF HUCH]

A B 2@k 94tk Thick filament component
32k cardiac ventricular myosin light chain-1
(Cmlc-1), atrium myosin light chain-2a (MLC-2a), a-
myosin heavy chain (a-MHC), B-myosin heavy chain
(B-MHC) 18] 3L cardiac ventricular myosin light chain-
2 (Cvmlc-2)E ZARgH A3} Cmle-1-2 HADS} HUC
|4 25 2dsiel o), HADOA B} 733k wy
FdE Hem MLC-2a¥ HUCOA B 28 3kS)
v} §HH o-MHC, B-MHC Z8]3L Cvmlec-2E= HAD
S} HUCOIA E5FollA] @ 3}x| ¢kskeh Thin fila-
ment component &) a-cardiac actin (0-CA), o-
skeletal actin (a-SA), troponin T (TnT), troponin I (Tnl)
+ HAD®} HUCOA 25 23 HAtt Potassium
channel 731A}Q1 Kv4.3%= HADS} HUCOA BT
Hstl o, HUCH A Bt} ZshAl Ld sl a
calcium channel 72191 01CE HUCH| A7 W&

3l3lth. §HA, natriuretic peptide?] atrial natriuretic

2

o
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Cardiac progenitor cell marker
HAD HUC

isi1 -
verc b

wes [

Thin filament component
HAD HUC

™ =
N =

Thick filament component Tl § 3 —
HAD HUC fon channel
v [

svrc [
Cvmic2 - -
mc-2a [
Cmicl -

Natriuretic peptide
HAD HUC

e [
ove [

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

peptide (ANP)@} brain natriuretic peptide (BNP) s
A2 HADSH HUC EFolAl L= A &Fgdtt
(Figure 2).

3. HAD2| AMZME=Z2| &3]

HADE S-azacytidine$ 24717+ A28 & 45 &
oF ZjRujorea o2 Bt AL (5-aza)= 5-azacy-
tidineS Ae)skA] @i wigs AX (HET) BH
TnT S47F d&o] JFA FEHAS™ Cmlel#
Kv43 Az @do] F7HtT (Figure 3).

S-azacytidineS 24A17F A 2]g & BMP-2¢l FGF-
4 (B2/F4) £+ FGF-8 (B2/F8)S 7ksto] widdh
HFEE S-aza BT Tnlo] Zdo] F7tstsiom,
BMP-29} FGF-10 (B2/F10)& Z7lske] kst Al
¥ p-MHC F37 Zde] AlgA fr=HAeH,
Cmlcl, Tnl®] Edo] Wo] F71=|3ith. BMP-4e]
FGF-4 (B4F4) = FGF-8 (B4FR)S H7eto] 45
7b vlFs MEE B-MHC A2 Zdo] AEA
S5 5o Cmlcl, TnT, Tnl 283l Kv43 F32¢
w3 o] Z7}5 AT BMP49} FGF-10 (B4/F10)E i

C 5-aza B2/F4 B2F8 B2F10 B4F4 BAFS8 BAF10

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

1) SEfSt™ 24

HUCE 5-azacytidineS 24A17F A3t §- 45
moFatel e o) T varske] Fejz sk
2w 2] ¢t} (Figure 4A). B3+ S-azacytidine A1
2] & ojg] 71x] BMP} FGFE #7hstel s <kt
A& we} o2 7kx] BMP9 FGF %7 37
activin AS F7}ete] WY E W= dEa
Hlwste] Held wabrl $EEA gk 2oy
S-azacytidine 18] ¥ o}&] 7}x] BMP$} FGF %
7} A TGF-PIE 7ste] widaiale = A
ZA4o| tha WA HAE e HgE vetdin
(Figure 4B).

2) BMPQ} FGFE Xz|gt 83 RE

HUCS 5-azacytidined 24413+ A &dk £ 4
wloralgl e w thRTEY Cmlel F32 &0l
Z71 0 a-CAS} kva.39] & o] st (Fi-
gure 5).

5-azacytidine 2] ¥ BMP-2¢] FGF-4 (B2/F4) =
= FGF-10 (B2/F10)S H7Fsle] e A=
ZF12 T} Cmlel, o-CA, TaT] && o] tha F718
B Aoz PO Kva3 e FARE F2 T
HokJS LrERITH BMP49} FGF4 (B4FHE 27t

fr
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B4/F8

G TGF-31

B4F10 C Saza B2IF4 B2F8 B2F10 BAF4 B4/FS BAF10

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.

A

3to] Wik AlE= Cmlel, o-CA, TnT9] L&lo] Figure 5. Gene expression profiles in HUC at 4 weeks
7}std ot Kv4.32] wrao] 7+astedth BMP-2 after cardiac differentiation. Cells were differentiated with

retsi e VO _/] ? I A _ O}M_Et 90} various combination of BMPs and FGFs without addi-
FGF-8 (B2/F8)= 378t Wi MEE Kv43 f+  tional factors (A) or in the presence either of activin A
WA o] WA 07, BMP-49} FGF-8 (B4F8)e  (B) or TGF-1 (C).

H7bete] Mlge AEE BE $A1E 25X

% 4T BMP-4¢} FGF-10 (B4/F10)& v sl A= 3) BMP2} FGF ZT&t2} gHHl activin A K=
< o Kva3 TAYETE JERRY (Figwe  TGF-p1 X2|8F 23] 85
5A). HUCE BMP$} FGF 283} 37 activin AS 3

7¥eted 45 &<t wideti S w) BMP-2¢l FGF-4
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(B2F4) & FGF-8 (B2/F8)yS #H7tatsie wiet
BMP-49} FGF-8 (B4/F8)S H7td Z3jtellA 7Hd
e GHxte] BAZIL AT S-aza B -
MHC 'F&o] A2o] FE% oM, a-CA%} Kv43
oAzt wE o] Z71E o Cmlel, TnT 28]1L
TnIo LAZ7P7L Bolx ¢ Aoz #FHA
(Figure 5B). BMP$} FGF 233} &7 TGF-p1&
T¥ete] 45 ot wUsElolE W BMP-29F FGF-8
(B2/F8) —1¥]3 BMP-2¢} FGF-10 (B2/F10)& 37}
3938w Saza BT} p-MHC L&) AjRo| F &

210 Cmicl, 0-CA, Z12] 3 Kv4.39] T&Ho| &
7FE A (Figure 5C).

4) BMP2} FGF =gt &7 Wnt inhibitor X
2|8t 23l R

HUCS BMPS} FGF %33} 317 Wat inhibitor

2 EIHEZRH AZHERY 28 7S

IR

Ag)ste] 1, 457 Wik Axe ASAE Hd
AApe] e AT S-azacytidineS A2 %h
T 153 o B3NS W BMP27F AEE 1w
oAM= FGFe B E ZFFolA 5-aza Tt Cmlel 2
o] 20| §=x it TnT} Tnl 18] 1L Kv4.3
AR} wgo] Z7kg ¥HA o-CAE 2R 74313l
t} BMP47} HE]® 1F w3 FGFe ZE FH
Al 5-aza BT} Cmlcl F3A} HEo] A=)
)3 Tl Kva.3 FAx Ldo] F718H3
o-CASF TnT FAA 2L Zfol7} AT ol
BMP-49} FGF-10 (B4/F10)0] X 2ld A|3EelA] 7H
2o GHxte] WEZ7T YERET (Table 4). 2.3
U 4% 59 vl s W) RE AdTelM BE

Azt wEo] 154 B} 7A4E At (Table 5).
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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/F8 B2/F10 B4/F4 B4/F8 B4/F10

Thick filament p-MHC B - - B B B B B
component Cmlcl - - + +/- +/- +/- +/- ++

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

Tnl - +/- ++ ++ ++ + + ++
Ton 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 ~ B-MHC - - - - - - - -
component Cmlcl - - - - - - - -

o-CA ++ +/- - +/- +/~ +/- +/- +
Thin filament TnT +H +/- + + + + + +
component.

Tnl - +/— + + + +/- +/— +/—
Jon 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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