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) FETSEVIAEE BIAA nEs fFETrsEZIAE 2 EslME(differentiated cells)E X33l Al
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vl & 7] &

A7F FERbsE7INEE, A7F 55 A A, S, dushoer &3k & e diEses
(Pluripotency)& 7}A] ZAdgle] BES AFsE SA(self-renewal) S 7HAl= AEZA, AAYost
(regenerative medicine)ol Qg MEE, o&E 5, AAGAE, HAX, AAXE Fo2o e} AT}
st A7 A ok, A7 fFEvhE SVIAEEEE B3E AEZE 4] YsiA e, Az fFERbE
7|MEE B4 AEE 35 FEsta, #3tE AExe 54 EA AR (surface makers)®] IFAE o] &3}
oAxE MEZS FAHE Eg]7](Fluorescent Activated Cells Sorter : FACS)ES Eaf Eulsle] &3ld AxEv-S

AAY(Fukuda, H 5, "Fluorescence-Activated Cell Sorting-Based Purification of Embryonic Stem Cell-
Derived Neural Precursors Averts Tumor Formation After Transplantation" Stem Cells(2006)(24.3: 763-
771)), e FAE ol&ste] A F AL o] &3 ] (Magnetic Cell sorting: MACS)o] AR&-H il 9
th(David, R 5, "Magnetic Cell Sorting Purification of Differentiated Embryonic Stem Cells Stably
Expressing Truncated Human Cd4 as Surface Marker" Stem Cells(2005)(23.4: 77-82)). AMHE o]&3t #g
HOMACS) S A #E71E o] &8 A5 AdE = dolAel g MEe] x&e] S AAT + = A
= 7HAaL Sl
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B ogAAOA AEEE fol CREWSZIAE & ou-ARds AX(AE BW, AMDEYE 54 f47
g Hgstel AdHon feE ARss B/ ARG, 4] RERSE/AEE B/ FA4 D Bud
wE, GAA Es, w7 doubling tine), WlobAl H4, EletERl G4, AEA s P4, w9
PEAE AL RelA) ARss ZAL(EAE BW, olE )9 FQettin o AT,

B GAANA AREEE &0 “EIHET = SVIAHEV 54 23 A=l o8 54 AlxE 37t 18dE Al

B oo v @ dol mEw, Bougeld o gxt REWSE/AEE A%, &, W, 9&, % A,
mepol, vk, AE EE 2FEVE fAE Aolw, WAL A1 FEWSEY) ALl

4 = all

gt s MEE guEi, oy d FERFsE7IAEE A A" thdst EE Fste] &olst
4 AYH( Takahashi K, Yamanaka S (August 2006). "Induction of pluripotent stem cells from mouse
embryonic and adult fibroblast cultures by defined factors". Cell 126(4):66376). d& E9o}, nlo]En}
o|A-CE AHzlate] F21& A AF ol AfolMEMER) 7 AAAMEZA E3hE L, Aefold A (FBS), B
-HOE e 2 H|-Z4= oju|=2to] BEH Dulbecco's Modified Eagle's Medium (DMEM) 3} 22 A3k ujA]
oA ke 5, A=, B-wHEASS, H-Z5 ofv]iAh Bl bFGF2E B.F¥ Knockout-DMEMO| 4 Ath
Hjekele] fFevks E7MEE 45 5 U X FETsE7IMEFTEA X, SES-8 (Tae-Hee Lee
S, “Functional Recapitulation of Smooth Muscle Cells Via Induced Pluripotent Stem Cells From Human
Aortic Smooth Muscle Cells” Circulation Research(2010) (106:120-128)) &= o]&3 4 gJoy, ol 3-A
e AL olytt.

2 d e oA o)fH e FEWMSEVIHNEE FHEE didd digte] A7H(autologous) AV EE EFFY
(allogenic)¥ <+ o, ntgAsHAlE Artelth. A7F fFedtes7|AEs A4 Arle] A o02R Y f=
e |MEE FE B ajYgete] Az

Mo

w2 el lolA, FolAE E= W-1557F AYH = AEAREE FENTEVIAEE B3AA I o
w3 A= T3

e AE AEUI B FERteE7IAEERE Fad
Az s el d T8 & wHolA ol &d 4 Ut

# AN AGEE §o] A (enbryoid body)” £ Hlel 7] AES} A Rahslo] FHHE AE I
ofe@, ulld, e 2 Slugie] 3744 wloh WPS(three germ layer) O.% WEE gl HES 44l A
EAPAE dvisiel, Qoln WAAE Y A Gl A8+ Atk REWSBAAEZLE
AE P e FAAd Fed dFF P B AN+ Ao A8 B, Kin J 5,

"Effective Isolation and Culture of Endothelial Cells in Embryoid Body Differentiated from Human

Embryonic Stem Cells" Stem cell and Development (2007)(16:269-280)° 7WAlE o] wal fFEvbsE7]A %

& dH(Es 84 A=), L-SFER, HEF ofueil, B oW E S-S 233k DMEM/F12 v A] ol A

vjekgto ma, widAlE 4T & Aok, B, FERFsEVIAEY EFRUE TdE 9 AXAEOMER) =

58 #elste], bFGF27F H7ME A & mdd, &, EHNAE, p-HAEAEE, H-ZBF ofn|x4l 9 bFGF2
B 2% Knockout-DMEM Foll A -+ wikelo i wjdaE gAs 5 glu.
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o] Wl glolAM, At sk AlES] TRl whel gt 4] 71E AEZE iAo e ¢ e
w, A7) el EshiHe FA 9 Wl wel i 4 o

postnatal neovascularization by human embryonic stem cell derived endothelial-like cell
transplantation in a mouse model of hindlimb ischemia Circulation (2007)(20;116(21):2409-19)° 7§A] %
vpel o] fFEREE7|AE el widAE Uy MEZ(Endothelial cells)2 E3A71E= 45, widAE 2
Ak g MAAE 5o, 109 AuetdH(FBS) B #lydd-~EgEnto]ilo] A7kl DMEM/F12 A1)l A
oF 9 A B WA F BN dS g Ark. ofok o] A2 mi A= oA, oIS o]&ste] A<l
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w3 WA (AW, EQM-2) A wigFd 4= k. ATIek 2L WS ol 4 o, ol dAHE A

ol

flo

A (b): A7) 9A (a)9] A#Eo] Fo]AME (Quercetin) EE YM-1552 A g dle] nmEstE FEVSE7|AE
g Adudor AbEAT]E A

ole, M3 FETSEIINEE dYHo= AAs] fste], 7] @A (a)9 ZAF}Eo] FoJA¥l(Quercetin)
T YM-1552 23k} I A3, EsfAEd = dE] JES mX R ol BNz AET ¢ Vs 1Y
2 AL, nE3E FERsEV|AEe] Mexor Alddr)

B gaMo A st FEEETIAESE AgelHA AFEEE 89 “AlA(depletion or removal)” & H|&
AE dE o] Aoz R Y uisl FEvtsEV|AE AAH o AAF HEHErE FAFA] &E S on|
stttk o & B9, &9 “AAT = & Iy Wye] H8H ARAdA nEs fFETSEVIAES el 1% W
v ulR s AE 0.5% WEr, B ukbEEAE 0.1% WY, 7P upbEEAE AFddon e AL
o] v] gt} A7 8ol ‘9" = AENF(cell count)E 7|FoE 3 WEFo|r},

2 EAAA AE APES B "dE2A AFHA e g, oFEAAE ousit), OFFEA] 2

o
(apoptosis)E THA|Eo|A dojup= g 1 3le A FEAVE (programmed cell death: PCD)o]th(Alberts, Bruce
et al., (2008). "Chapter 18 Apoptosis: Programmed Cell Death Eliminates Unwanted Cells". Molecular

Biology of the Cell1(5™ ed.). Garland Science. p. 1115). o}FEA2=e Aty A2 Axe] HHE W
A=y

A 7| AFES o]}, o] WatE MED XA, AXE £F, d g4, G4 = L A DNA
g E EFsi), MEAAL} Th2 A, o}FEA 2ol 93] ArtE olFEH Hlt= AXE §loE fEHo] A
T2 &AA7)7] Hdoll &8 A E(phagocytic cells)7} Al A AsHA Hrt.

—

¢

2 ol A o] &E 1 Fo]ME (Quercetin) A EANE A& AMulodl(Survivin) el 884 A A o|H, 8}
st & 2-(3,4-dihydroxyphenyl)-3,5,7-tr ihydroxy-4H-chromen-4-one . & 3}7] 38+l 19| x5 zl=t}:

N

B odtgo A o] &4 = YM-1552 B-A|FEAME Q1x}Ql Ajulolul(Survivin)e] 34EA A A olH, FIHE 4 9-
Dihydro-1-(2-methoxyethyl)-2-methyl-4,9-dioxo-3-(2-pyrazinylmethyl)-1H-naphtho[2,3-d]imidazolium
bromide .=, a}7] 3}34] 2¢] 25 2zttt

a4 2

Howbgo] uighddt o] wEw, Av] AYydE FojAEe wEE 20-100 pMelw, ®ul upgEAsHAE
30-90 uM, Rt} ¢ vl AsAE 40-80 pM, 7FE vERE A= 50 pMoelt).
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9Ae Sg Asfelth. 1 AW, FoMW AYA A FEWSENALANM, AZAE A dAgsh
Parp-19] ARH(TH), 7h2vtolAl 3 W 2 9w el AeHd (cleaved 7h2stolAl)o] WAL AT,

% 22t gokd B FOHRQOE A, FE JEA Frus g
Eo] AE EAPOR ST An]A Aot % b Amexin VS o &5l % 229 thobd me]
O—] =

Aol o]k iPS B HASNCS] AlEAPE QLS ER1gh Aufolr}. L 2c® Lk 2bolld FE AEZAPE HEE
e wEbd AakR A, iPS B HASMCS] ZF AEAIE(Live cells)e] WES HolEu

(¢} (e}
ol o g Bdd= AoR 4 a-Smooth muscle actin (a-SMA)S] L&E &2l3t Aifolr},

2, 5 T 3be
RT-PCRE o]&3&}o], = 329} & o= 283k iPS-SMC1 2 iPS-SMC39] AlE W o-SMAS] mRNA 2& ==
S #9l3lk Ayoltt. = 3¢t iPS-SMC1 % iPS-SMC3ell 50 pM ¢ FojAl®l = DMSOZ 24 AJZF A3k 3,
ATP = 75mMe] ZF {N (75K 3] 217+

)S A ake] iPS-SMC1 2 iPS-SMC3e] AIEU 24
H FEAEe] Ves gRlg Ayoltt. & 3dE
ojt}.

5 4a= 50 uM o FoAAEE 24 Az A v FEVEEV|AEE vk~ g FYste, 10 F
Z ggEn P45 dxad vad Aot ® 4bE T 4a9 HEtEW PRS2 Flsr] Y,

Secretory eipthelium 2 Neural rosette structure® z}z} PAS 934 HGE M3 ZAxjo

e

%= 53 iPS, HASMC B iPS-SMC-3ell t}gdt 550 W-155% 24 Al AP &, AEArE A=s
Axgos Felgh dnd Alloltk. 1 A¥, W-155 A Al 1FF fFEIEEEVIAEA A, TE oEH

FER AEAE 5ol Al w0l AEH A

% 6at Amnexin V HE o] §3te], ThFa F:EO] W-15590 FE FH <l iPS, HASNC B iPS-SHC3¢] AlEALE
AEg Bl fAE BWe Fo S4% Avolt. & 6bt % GaolA Qe AEAE AR agrw
HERd Ak, iPS, HASMC % iPS-SNHC39] 7 AEAIE (live cel))9] ¥l&& HAFETH

T 7a% iPS-SMC1 2 iPS-SMC3¢] 50 nMe] YM-155 HEi= DMSOZ 24 AJzF Ae]dh 3 ATP L= 75mMe] Z+F 8o
(75K)S A3kl iPS-SMC1 2 iPS-SMC39] AEW ZH &

—frele BEIAE] Ves g% dyelrk. = 7b

Bawz QIXF FENFEEVIAE B QI FREVEEVIAE frele] BRITAEGNC) S 1112 EFEhaL,

SEA-4(=54) R Ay FhAavhobAl-3(uAA) (91 wid), HE= SMAC

B FHF AaE welErh. 2AY vk 100

Hi= SSEA-4-FA vhE ol o] Ay FhvtobA-3 G
0

*:JI-FE
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Fo] A€l (Quercetin, Cat # Q0125) Sigma-Aldrich(St. Louis, MO, USA)elA, VYM-155(Cat # S1130)2
Selleck chemicals oA vl &}3ic).

oIzl FERIsEF A E(IPS)S] v H 3}

vho] ko] 21-CE A @ A7 wlok AfobAZOER) 7 AXAERZA Ege ESC 94 (20% KnockOut B3 thA
B, 0.1% AEepeto] A (gentamycin), 1% H-Z4 ofmaAk, 0.1% B-MFEMNES 2 4 ng/ml bFGF7} BE¥
DMEM/F/12)0ll 4 217+ ts ™ &4 3 (human aortic smooth muscle cells: HASMC)olA i3t €17t f=vts
Z7|M*E(iPS)(Lee, T.H., et al., (2010). Functional recapitulation of smooth muscle cells via induced

pluripotent stem cells from human aortic smooth muscle cells. Circ Res 106, 120-128)5 A
w3l et

B owe]l FolAE @ VN-155¢] tiE AAEES 9ste], iPSE wiEe Aol s19E 60 mn tl4olA] mTeSR 1 B
%](29106, Stem Cell Technology)® vl¥Fale]d &4 E(smooth muscle cells: SMC)EE E3}E FEdtT).

ol7F g5 FHE A E (human aortic smooth muscle cells: HASHC) B 917} FEvhs 7| AE-52 234
FE(iPS-SMC)2] Hj ¥

17 o™ W& A3 (human aortic smooth muscle cells: HASMC) 2 Q7 FEwts Z7|AZ-G H3A
E, Z QA7 RN E7\AE-FE HEE AEZGPS-SMO)E AEd F2E# (Lee et al., 2010)] 71A1E Hb
¢} o], SMCM ®i#](ScienCell research laboratories, cat # 1101)clA ®j<A3FSIt}.

A B 28 W (Inmunoblotting) % ™Y FAES}FS} A (Immuno fluorescence cytochemistry, IFC)

A ERE A0 o] &% A= FF-PARPL(SC-7150) B! F-B-N€(SC-47778)%= Santa Cruz Biotech Inc.(CA,
u|=)el A Fujslgdct. w3, F-IladolA9(Cat# 9502) 2 F-cleaved FhdpolAl-3(Cat# 9661)= Cell
Signaling Technology(Danvers, MA, USA)ol A Fwj&lict.

[FCOll AF&3¥ A1z} 3A(1:200)% 8- a-smooth muscle actin ( a-SMA) (Dako Inc, Carpinteria, Calif)< A}
/39t Axioscope Al @R A (Carl Zeiss)S ©]&38te] o|nAES A EAIET}.

Al ZF PCR(Real~time PCR)

RNA F& % cDNA e dvtFel T2 EF(VanGuilder HD, et al (2008). "Twenty-five years of

quantitative PCR for gene expression analysis". Biotechniques 44 (5): 619626)< o]-&3&}% T},
2 A oA o] &5 = FRIA-Eo]H ELtolw AdL b3 g}
B-M¥l: 5'-GTCCTCTCCCAAGTCCACAC-3", 5'-GGGAGACCAAAAGCCTTCAT -3'

a-SMA: 5'- AGAACATGGCATCATCACCA-3', 5'-TACATGGCTGGGACATTGAA-3'

FACS #47

TE FACS EAlo|= FACS calibur (BD Biosciences) 2 CellQuest 2 Eo]
Annexin V Apoptosis Detection Kit I (BD Pharmingen™)ZE o]&3s}o] A& &

el A3,

£ o] g3kt MEZE PE
By Z2EZ 74" nke}

HepEn) gy 2 vz 8oy

ojn] E3td AE] A HZtEvE 5] gl7] wWEel, FolAd E= YW-1559] HiZkEvr g4 oAl &yt
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=2 ggelsly] 9ste], wiEsly Aeje] AErF Y A wEo] HEtEr A AYS AAEdT. =
iPSERE A9 wjAA (EB) o] FJAE (100 puM) = YM-155(10 nM)S 24 AJzF =< A3k AZE(F 5 x 10

cells) = mA2ad ME(SE 5 x 100 cells)E F5a8ka, NOD/SCID ©}$-2=(Charles River Laboratories,
Yokohama, Japan)®] irghell Fsto] HZtERE FAGAZA FU 10 F 5, A7 olF oldd Ax
(xenograft mass)< 53} 4% PFAo| 2 5 &9F AA|7]aL, Tissue-Tek VIP embedding machine (Miles
Scientific, Naperville, IL) 2 Thermo Shandon Histocenter2 (Thermo Fisher Scientific, Waltham, MA)E
ol-gste] mhEtdd EujtiTt. A7) Azd dgd E=LS Leica RN2065 microtome (Leica, Wetzlar,
Germany)< ©]-&3te] AH(2 um FADSE vEUT. HetErRe] A4S I5h7] fste]  drtEAY -2
21(H&E), PAS(Periodic-Acid-Schiff) @Aet &, <ad W7t £ 8300,

E oo nE A5 Aoydistu FEAISE YY) (Institutional Animal Care and Use Committee of
CHA University)9 <& woton, E wygel vE (AL o xR A9 (NIH publication no. 85-23,
revised 1996)o 4 ¥aist ‘Guidelines for the Care and Use of Laboratory Animals’ ol w2} 4=a3}i ).

HEY ZECa) 2

et xze] #37) gad B2 7)es Edstr] st AEJ ZE vbeS o] &Skt dedt
Fx 53 (Lee et al., 2006)°] 7]1A% vpe} o], ME Wee Z4r o]%(calcium transients)S ka]a AJek,

NP = 75 oM K fHe o] g3t FEIF o ZHE QltAlolE Fura-2 (Molecular Probes, Eugene, OR)Z=
ol gste] YFFoR e FAFet] FAsta o|n| A seFT.

49 2%

Fol A" g "|E3 AT FEUSEVIHATY AZFAE € A FENTE/NAE-FY HIZ HE(PS-
SMC) <] Fel

ol el o] HEAY

FolAEe] W Eg 17t FEvksETIME digh AEd MEAPES Z1st7] fske], Izt dle® FEIAE
(human aortic smooth muscle cells: HASMC)ell 4] Sk Q17F FERbEE 7] AIE(IPS), HASMC, iPSellA w3
e P AE 1APS-SMC-1) F iPSOlA E3k-frefE @2 AE 3¥el 50 uMe] FojMEE 24 AT A
gatar AEZANE Al YERE MEARE Bo] Alx 2dFS G 47, FoAAE A Al A FERFsE7I

do] ¥ (% la). =3, A9 ESYHE o]&3to], AMEAL

Aol A, FHE AZAPE 5ol AE xdFe] LAHJT <, §
Houd w4 SES FRAE A, FolAd HYA At R E7IARENA, AFEAFE Al EAS= Parp-
19] AeH(TY), 7h=sgfoA] 3 W 9 9w o] Aty (cleaved 7h2tobA])o] W ¥ ATH(= 1b)

et e FAARWQOE A A, 7% 9E4A FEUFE/IAEY AIANE s MIEANE 5o A
¥ FdFor FAFATHE 2a).  E3F, Amnexin V HE o] &3], T3 Fre FojAgle] 2]F ipS &
HASMCS] A¥AME AEE 23191, o]& gz el iPS 2 HASMCO] ZF AEA|Z(live cells)d H&
< v (= 2b 2 o).

IRF RS E A E—E F T AE(PS-SIC)] 7]

d
"

AT FERbeE7IAEAAN Ee-ele FEaAEe] Tlss #sy

(e} A=Y ]
FoIMES 24 AZE APk & WP PYPES o] &3te] P IA XA Fojdor Hd = AR dHZ a-
Smooth muscle actin( a-SMA)2] &g &eldt Al o-SMAY WelS 3Qlslgar, T3 RT-PCRS o] &3},
iPS-SMC1 2 iPS-SMC3¢] A¥ Wl a-SMAS] mRNA &%= 2Qladoh(= 3a 2 b)

L3, QZF fFETEEVIANAA Ea-FHlE FBI2AE VeS &5y ¢she], iPS-SMC1 E iPS-SMC3ell
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