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1) miR-15, miR-144, miR-145 % miR-3292 o]Fojx o ZRE B = niRNAS H3sE AXd A d&2
S JAEAIE @A,

2) A7) AFEA 3k A7) niRNAY d wsE BEAete g,
3) A7l AdEdo] 7] miRNASl W& S F7HAIZ7IA theAd 71EAME (multipotent stromal cells; MSCs)<
n &3} AHE] 5% (maintenance)E 913 R HohslE AL X theA ZIEAE nEIE A FAES

Ak ofe] 2 W

AT 2
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1) miR-26a E= miR-29bZFH ME == niRNAE Hdsls A AEEdS HEA7= oA,
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T AT 54T 38 AxrA, 259 AETH EAH 259 FAH JdrA T4 i #s dx
Aok, T FHe vsAl 71EAE(multipotent stromal cells; MSCs)E AFAR st PN ATAE
(endothelial progenitor cells; EPCs)& Aleh4 9 W sty I xstol] #si; (Asahara et al.,
Circulation research. 85, 221-228., 1999; Kalka et al., Proceedings of the National Academy of
Sciences of the United States of America. 97, 3422-3427, 2000), Ztzte] Atoldl AEEo] ojd7 oy
AN (endothelial cells; ECs)Z A H=A el gt wAYF dalA= A9 &eizl vb glok. MSCs A7
Aop w3} 7ro] WA= FHA gy FAAFAGEH A EYF 93] Aloj@L; (Yu et al., Frontiers
in genetics. 3, 191., 2012). €A FAZF ZZrolu} AE A== 2], miRNAsE 42 &3l o HAS
x4 s FARATA dAAUSES 2dFeEN FVINE EAS AAHes xddv (Cui et al., BUC
neuroscience. 13, 116, 2012; Mazar et al., PloS one. 6, €24922., 2011; Tardito et al., Expert opinion
on investigational drugs. 22, 217-233., 2013). #H=, AANHQA EFEE F3} 59 mikRNAs && = 7]
sol AAME, AFAE F AIAE T E3tdd Fad 9L s o] HssMT (Banerjee et al.,
Physiol Genomics. 43, 543-556., 2011; Eskildsen et al., Proceedings of the National Academy of
Sciences of the United States of America. 108, 6139-6144., 2011; Visone et al., Endocr-Relat Cancer.
14, 791-798., 2007). FIIAAEZ =HE 3o niRNAsE Aehe 3o FAH FoAS Axse HHO
2 WIAE FEo M2 miRNAse] & #3F F3Eo] HEES ¢t} (Liu et al., Journal of cellular and
molecular medicine. 12, 2395-2406., 2008; Shilo et al., DNA and cell biology. 26, 227-237., 2007).
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B a5 v 71AAE (Multipotent Stromal Cells; MSCs), MR AE (Hemangioblasts; HBs), &3+
W HAFHE (Endothelial Progenitor Cells; EPCs), ¥ @I ME (Endothelial Cells; ECs)e W& =
Al miRNAY IS S8l et AFE Fsith. 1 Ay, s AAldA B 4 9l vk 2], tE
A NAAE] AR ER] 35 oASHE niRNARA, miR-15, -144, -145, -3295 wF&sllon], oo
% thea AN By AERe] $5E FEas niRARA nik-26a 2 2005 WA

woune Fa aniudEse 2A4z wEH niRUES ted ZRAXe §4 £ dueAE
2EE FEa7] 98 SiEe 2209 S8 F8% AR o8 & vk,

1) miR-15, miR-144, miR-145 % miR-329% o]|Fojz Fo2XHE HEEHE= niRNAZS $3st= AlXd AdE2
S HE2A7E WA,

2 ol

2 e gk Aol A, A7) miR-15, miR-144, miR-145 2 miR-329+v 747t A9 E 1 WA 49 A ES
N
T
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hsa-miR-15b-5p 5'-UAGCAGCACAUCAUGGUUUACA-3'

Ad

%01'

hsa-miR-144-5p 5'-GGAUAUCAUCAUAUACUGUAAG-3'

qdH s 3

73 1-011

hsa-miR-145-5p 5'-GUCCAGUUUUCCCAGGAAUCCCU-3'

A

%01'

hsa-miR-329-3p 5'-AACACACCUGGUUAACCUCUUU-3'

T, B gl whE 23 WA, 471 miRNAS EE WSt ofd A|FE = AL oy}, RT-PCRO 9

1) miR-26a E=& miR-29b2HH e == niRNAE Tdste AlXdd AFEELE HFA7]= 9

2) A7) AFAEA 9% A7) niRNAY HE WIS EAstE wA,

3) 7] AldEAe] 7] miRNAY LES FUMAIZIE oeA ZIAAEY FRUIAERY B35 FEshe oF
52 ddste A4S Edleteusyd ZIAAEY ddYIMERY] 235 FEste R ~dEd WHS Al
3},

olo] AFHE AL olyyl, A7) miR-26a & miR-20bEF-E AEEHE piRNAS e AEFE USA 7]
AAEZ FH9 AZFY 5 U,

WA Z, A7) AFRELLE o A= A olyuy, MAsEE, F443EE, RNA, DNA, ZEHEE Z
Gl g2 o] FojX = FOoRRYH AHEHE o sud & At

Boabg ol & A ool A, A7) miR-26a E miR-29bE 7tz HEHT 5 2 MIHFT 69 DS 71HE 5 9
c}.

NEME 5

hsa-miR-26a 5'-UUCAAGUAAUCCAGGAUAGGCU-3'

X EHT 6

hsa-miR-29b-3p 5'-UAGCACCAUUUGAAAUCAGUGUU-3'

g, A7) niRNAS] W Waks old] Algks)ie A& obUL} RI-PCRel ©)8) BA1® 4 9lrh.
o]

ol & A= miR-15, miR-144, miR-145 % miR-329% o]F
¥3hste WEE Eosle theA 71EAEe] vEs A 448 ZAE

T g2 FANA, miR-26a =& miR-29b2F-F HEE= niRNA £ olE X 3ste HEE X3ste tsA
ZNAA xS EHUIMEZY 73 FEd ZAHES AlFs).

B0 F AIEEE niRNAE miRNA 7 A}A] X piRNA BUHA|E ¥
A miRNAY] V)5S Z7}, BE wi: OiAE 4 gk 3 AA4)
ﬂﬁ mmm HﬂL @;@meAH q9 7aals TR LE=d 4 9l thE AAdelA, miRNA &
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El== o]zl oF 18 WA 9F 2000 wEELE=, < 70 WA <F 200 1‘? AeEl=, o 20 WA oF 50 FEAL
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= Tt

2ol W A7) thsA ZIAAMEY miEs dE fA8 2A4E e teA 71FAES oAz
3 fFE8 2AES vl 71AAEY WA dutF o g ALgEE WiXE 2T & AT, old AgE =
AL oly}, o]#f ek A Z+= o], MEM-alpha (Minimum Essential Medium alpha), MSCGM(Mesenchymal Stem
Cell Growth Medium), DMEM (Dulbecco's Modified Eagle's Medium) o] 232 4= i},

S Z1EAES] RS A FA8 AT £ theA V1EAEY] I ERY 23 fE
BES dE 5o,  HER Aol g7l dAzed Ay o BlE dellA v 1AMz s
B A e ted 71EAEY] Al ERe] 23 F7F e s gl A4 Fod 5 U
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TR Aolm, wA ¥ AAdEEe X wge] A SASRES shu, ¥ wye] Hah J|% Hopld B4
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By

2 & A 1AAEY wEE JEE fASE niRNARA, miR-15, -144, -145, -3295 LFeglon,
do g A 7[AAEANA dANIAEZY B3IE FE3= miRNAZA] miR-26a 2 -29b=
miRNAE TFsA 71 @A Ee] uRE Ag 522 98 miR-15, -144, -145, -3292 A3l = Y= o, 19
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oA Ezel B3t 28 A9 miR-26a R -20b5 BT F %} S
wE thed Z1AA RS uEsl dE fA 2 theAd 1EAEY] s ERe 23 R F e
BeorA & &84 5 AUt

1 = &, o A Mz A ZNEAAE, ARz, NI AdTAE, A
E7F 2FgH &S X ‘zr‘: A A Aol
% 2% RT-PCROl 93 tpeA 71AAE, GARME, dBNIAAFAE, WA FEA9 Sca-1, c-Kit, viIF,
(D31 % VE-cadherin®] mRNA #¥S HoJFET},

£ 3 Z%W B &Y wdd, rUNATALS WA BEE /s w, tsy AL
BEE PAFE HAFE FAE 24 Aol
%48 they JRAE, FARAE, FRRATAE, el e theFd mikvAe] eidel 2

WS real-time PCRZ #2413t A23E HoFEt),

% 5% TargetScan ZA¥¢} real-time RT-PCRS =3+ microRNA & S 7122 teA 71AAEe 9o
#HE miRNAE Witolojalom st AE HojFE.

% 62 VEGFol 9Jgt Y ME2e] #3} & HAFTE A9y FEAH (= 6A) 2 RT-PCR(%= 6B) ¢ Z23E o
EldTH

w7 v Z1AAEAl VEGE AR|Al VEGR ¥ AlEdd AR 5 AL mpA e 2d WEkE BT )
ZEEF(% 7A) 2 RT-PCR(% 7B) ZA}o|t},

rlo

VEGF A2 Al WAAE Sold st thsA /1 AME So)4 vl o] mRiA d% WHE HolFi RI-PR
}g vy,

T 9% PDGF:= MEK, ERK, AKTY] Ql4bstE fisle] &Ad3siA7]= WA | VEGFE= ol wwlde] A4S A& 3k
HAFE 92 553 Ans Yehdd,

% 102 PDGFRS E}ISIE miR-26a} -29b7F PDGFoll <] ¢k MEK®} ERKS] &4S Add S RoFe dl2ad ER9
A2 LERiT

%= 112 miR-26a9} -29bol <)%k MEKS} ERKS] A Asi7F AE AFEIE #o] ¢SS Ho]5= homogeneous
caspase-3 assay?] Z¥E el

T 12%& (D133& EMAEME miR-29b, -30a, -5427} CD1339] Alsde whulael AKT} p3g8el <lakzlE oA
HoFE 2" 239 2345 Y.

13 miR-26a, -20b, -30a, -5428] EdHAH M) W AL Sold wiA% they NAAE S04 uA
We WshE WolFE RI-PR 27hE hepdo.

14 miR-26a, -29b, -30a, -5429] A @d] WE AETH I AN AE HolFT},

1

oot
tlo
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bt

155 microRNAOl ofa] WaAlEe Rehfid v 71dAEe] AW G493 olss BEF dis no

T 162 2 ol wE microRNAol &3¢ thsAd 7EAMEY & 2ES EAEZ YER Aot

wyg AA57] fe A W

®oagel o4 W 54, aem IRES 9Hs Pue A FEse) g ANdES FrsE B
A4 geleh. el B owwe olslel A AAEE AAEe] @RsE Aol ok AR tE o Fuz
FRE AN, B B ANAEE B wgsl AL BASES Sn, B wdel da A% Rolld B4
o AHE b Aol el WAEE bAoA FeiF] A ATHE Aol ¥ dPe FTYY Wi o
S gola woluh,
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(A
<% Wy

Asuw ZX &4 2o (Carotid artery balloon injury model)2] AZ
=

TE9 57 R Zdd (80 mg/kg) S FAMEI] wbE $dl, AR 4TS dilste HAEHE =EAZ
AR5l R} AWA s +d ?H% T8 AS o8&ty dAAHoR FFsle], T4 JtHEE A
JsleE Fot A=A FHdo] Aoy AL Wdtl. 2-Fr Fogarty balloon catheter (Baxter Healthcare

alg
Corp., City, St-ate, Deerfield, IL, USA)E Aelet o, ASW F@pw BRSO AAFAY. FA ) E
S AYgs Fol, dAHez B33 T2 AW I T3S FolFa, JHHEE dlswWe] s2% W

o2 HAIANA UG, I gL s @ "ol FES AgHS /M e IS AAAAFHY (0.2 ml).
H 34 JteEe AA Bed @9 9E el dPHQA 4L EIES Fol& . vty ek

3 S

mEe fdl olEd AAgE Al W s Fol, FHEHERE AAsta, e eFE Sdedn. 22 A
R

=

o
[

AX #¢ 2 g

10%2] Aejo} &3 (fetal bovine serum), 1%9] #HUAAI} A~EH:Evlo]al gMo] H7lE DMEM (Dulbecco's
modified Eagle's medium) 2.2 FAE vIA 10 mlZ 4532 47 Sprague-Dawley rat (°F 100 g)9| ¥ 3}
BEAA =25 Fill 27 AEE FE3t] #3388 1.073 g/nl9 percoll®] 3ol #E¥® =& Y 4
NEEste] AW Ao FAMES T W AH F 10% FBS-DMENS] Ao} Zehxzol 110 cells/100cm &
sk W% 37CE FAHIL 95% air, 5% C0.7l JE Forma Scientific BlF7]ollA o] Fo Hth. 48-
2AZF T HEFAAA AEES AAFL S MEEL PBSE F ¥ MAHSGIT. Al miXE Hksta oF 10
S 349 AR WMAE ZolFHA wigstaL, FETIAERE €7] 9189 isolex magnetic cell &2
Al2~®] (Isolex Magnetic Cell Selection System (Baxter Healthcare Corporation, Irvine, CA, USA))S AR
atolch. Adele MEs F-ckit, F-CD31, R F-(D45 ©UZE A7} Y€ Dynabeads M-450014 i Fat3l
}.

Real time-PCR

A RNAE TRIzo1® Reagent (Life technologies)E AFE3s|A] #|3F9th. 10 ngol AAE RNAS 5A vlo]a
ZRNAO| ZF83}= Tagman Z&holw o} AdHale] I HAL (Tagman MicroRNA Reverse Transcriptase Kit, Applied
Biosystems)3}3laL, W&+ o2 U6E AHE3IiY. 54 g9 S HEL Light Cycler 480 II (Roche)E
Sl 95T oA 10%, 95T A 15% &<k, 18al 60T oA 60% &< 403 Alel&FS Fastct. 7+ 24
FAAFe] 9 Aol (threshold cycle; Ct)& A9, PCRY A&dAH FZEGA =9, U6 (ACt value) Fkol
we} ALSFITE. Aol A ZH2Ee] microRNAS & H]E o] AoiF Q1 Aol (A ACH)E AXFSE 2 AACt #h=
A A 3FA T

MicroRNA E:l2#A

microRNA mimic transfectione silentFect™ Lipid reagent (Bio-Rad, Hercules, CA, USA)S ©]&3slo] <3
3FATh. microRNA mimic®} thZs® (Genolution Pharmaceuticals, Inc., Korea)2 FHFEZ O & 100 nMS AM&3}
ATh. 37T CO, Mg 7]ol A 4~6A1ZF &<k wjFst o], wiX] & X2 Zola AL&s|A wigsisltt. RE

ﬂ aﬂmmﬂui5~ﬁgﬂi7ﬂ RE 9] miR-144 NS AFgeklon, niR-3202% HEWE 89 &
miR-329 A E& ARE-SHIT
Az 7
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rno-miR-144-5p 5'-GGAUAUCAUCAUAUACUGUAAGU-3'

qdHE 8

73 1-011

rno-miR-329-3p 5'-AACACACCCAGCUAACCUUUUU-3'

HNEES B2 o PBSE AFs & H, X &3] W3 (10X lysis buffer; 20 mM HEPES, pH 7.5, 1.5 mM
MgCl,, 10mM KCl, ImM EDTA, 1 mM EGTA, 250 mM sucrose, 0.1 mM PMSF, 1 mM dithiothreitol, 4ug/ml

pepstatin, 411g/m1 leupeptin, 5ug/mLaprotinin)ol] HEFAA 4TolA 1083F &A1 FAT. 750 g, 4Tl 10
B2 Q4EY &, AS59S 10,000 g, 4TolA 1083 A8kt A5 dS #2]3te] BCA protein assay
reagent (Thermo Scientific)® WA FL& Asilon, Fgo dwldg 7)o ubA] 8~15% SDS-PAGE
(Sodiumdodecylsulfate polyacrylamide gel electrophoresis; Qbiogene)o] 29 & #H7]g&E3s3itt. = =
719] Ag 2 T ZEnjdyZ2&ko]l= (PVDF; Millipore) transfer membrane¥} transfer buffer (20 mM
Trizmabase;Sigma, 190mMGlycine;Sigma, 20%Methanol ;Duksan) & AMgate] @WlAS o]F, uAGAAT. 7] o)&

H S 10% leco Sklmmllk(BD)Q]- TBS-t (1X TBS, 0.1% tween-20)& E33t E27) WA 1A7F &<t wkg
Al71aL, ¥sk= 12k @A (phosphor-PLC (Santa Cruz Biotechnology, Santa Cruz, California), PLC (Santa
Cruz Biotechnology), phosphor-PI3K (Cell Signaling Technology), PI3K (Cell Signaling Technology),
phosphor-AKT (Cell Signaling Technology), AKT (Cell Signaling Technology), phosphor-ERK1/2 (Cell
Signaling Technology), ERK1/2 (Cell Signaling Technology), phosphor-MEK1/2 (Cell Signaling
Technology), MEK1/2 (Cell Signaling Technology), HDAC3 (Santa Cruz Biotechnology), p2l (Santa Cruz
Biotechnology), phosphor-smadl/5/8 (ser463/ser465) (Santa Cruz Biotechnology), smadl/5/8 (Cell
Signaling Technology), phosphor-p38 MAPK (T180/Y182) (Cell Signaling Technology), p38 (Cell Signaling
Technology) andB-actin (Abcam, Cambridge, United Kingdom))ZE Yo} 2A1ZF WA vhA) uk-A T}, TBS-t=
99 3d AlFHEn ezt s HIAtolAZE F&H 22 &3] (goat anti-mouse and goat anti-rabbit
IgG-peroxidases)S o] 1A &<t WA, WhSo] Eupbd TBS-t2 =& 5% A 3dlal Enhanced
chemi luminescence plus western bloting system (ECL; Amersham Biosciences)& o]-&3lo] 233A]71 3 oFAo

A HyperfilmTMECL(AmershamBiosciences)i MeEsS golstddty. W= 7%= NIH Image] version 1.34e

software® A3} ).

RT-PCR &£4

AA RNAZ TRIzol® Reagent (500 p1/60 mm plate, Life technologies)® ##3}itt. 100 pul F22XES
Tri-reagent 9lo YL, 10&%3F EH/J3E t}2, 12,000 g, 4T oA 1587 £ @:%F/ldq W o9e] s de
gate], 250 pl 2-Z2RES Wil 307 ZEJskaL, 12,000 g, 4T oA 1027F AAEs . dsds

g

Wela, AS 75% o¥h& (Sigma, St. Louis, MO, USA)e] &% E]oﬂ‘%i]iﬂmﬂ] (DEPC; Sigma) 4
HoZ AHBTE. 7,500 g, 4T oA 583 AR FH, FeNE AA T HIAE oA 78 AFRA
AT, 30 pl nuclease free water (NFWE ¥il, DU 640 ~FEZXENE (Effendorf, Hambug, Germany)=
OD2so/ODggo S Z A3l RNAS AA /A3, Ealgl AA] RNAZS-E Avian Myeloblastosis virus (AMV) 9

Al& 2 (Powver cDNA Synthesis Kit, Intron Biotechnology)ol 23] ©@d7}= cDNAS $HASFTE. 1 ple] A
A RNA, 1xXGAAL < (10 mM Tris-HCl, pH 9.0, 50 mM KC1, 0.1% Triton X-100), 1 mM dl&A]72 @ A}
o]t EZEAHOIE (dNTPs), 0.5FH ¢ RNase AdAl, 0.5 pgel oligo(dT)15, L 155 ANV FHAES
£ el 20 pl9 GHAL W EFES 42TA 1583 ¢liFuolAdstar, 99ToA 58 &< 7Fds o,
0~5TC oA 58 &Fotb <lFHo]Adsldtt. PCRE Tap =@ efola] (i-MaxTM DNA polymerase, Intron
Biotechnology)® %% A& o] &3to] Fasloirt. 94TAA 302 5t WA, 58-65TolA] 302 B9 o,
a3 72Tl 30% FoF el 2A0R Abo]E FE 25~45 Alo]EFE MEH AT

AL etoln] thew) 2,
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Sca-1 (345 bp)

sense: 5 —CATCTTTCTCCTGGCCCTACT-3’
antisense: 5 -GAGGACTGAGCCCAGGATGAA-3’
ckit (308 bp)

sense: 5 —~AGCCGTCTCCACCATCCATCCAG-3’
antisense: 5 —GCGGACCAGTGCGTCGTTGTCTT-3’
viiF (305 bp)

sense: 5 —GCCTCTACCAGTGAGGTTTTGAAG-3’
antisense: 5 —ATCTCATCTCTTCTCTGCTCCAGC-3’
CD31 (590 bp)

sense: 5 ~GTGCAAAGTGGAATCGAACC-3’
antisense: 5 —-ACCGGGGCTATTACCTTGAC-3’
VE-cadherin (175 bp)

sense: 5 —ACAAGGACGTGGTGCCAGTA-3’
antisense: 5 -CCATTGTCGGAGATGAGCAC-3’
GAPDH (452 bp)

sense: 5 —ACCACAGTCCATGCCATCAC-3’
antisense: 5 -TCCACCACCCTGTTGCTGTA-3’

PCR AHES 1.2% ol7t22 A (BioRad)Z 7|9 &F3ste]l EEsta, olelg HZvle]= (EtBr; Sigma, St.
Louis, MO, USA)Z 9443 ¥ Gel-Doc (Bio-Rad) o2 WEE FQI&YITE. HZF AEE9] As #AeyE 77
GAPDH A& Z=o] t)dt 159 AAel A=z w=wdlo]| %2519t (normal ized).

FLl i

AXE o]F o]Ale] (Cell Migration Assay)

AFE o]l% ojAMolE 8.0 ume Fof IA7E zt= ZgFtHEUVle]E HE (Nunc, Rochester, NY, USA) %
microchemotaxis chambersZ ©]-83}o], Boyden chamber methodE ®W&3le] a3} t). 0.5% FBS HiAo] 5x
I&CMBMI%EN AEo EPAlS A3ttt 100 ple AE dENs A5 v Wil 50 ng/mle VEGF
7F B A 600 plE BHE- AWl ¥, MHE 37T, 5% CO, wlg7lolA 6A17F Aol A, =
= (Cotton tip)& AMEsle] TEJS] Ao Qv MEE AASAUY. FE o] de AEXE Haeg=
IAGA7Ia, SvfEdd ez QAT 200 wiEe] dwuld A2 dWIA Al AAe A8t MEe] sS4
£ SAUTE. e APS triplicate® Al ¥ o] FPe}qict.

2

EAEH A olAle] (Capillary Formation Assay)

Eﬂ%ﬁ%@%invhma@m%mMskh(MHMW%%%?@%&@XM%}ﬂ%%WE»ﬂ%a%q.M%Q%
glolEe] 100 pl1e) EMatrix $9& @i 37°C lfwlolelel A 147 SoF 2@k, WAMER H&is @

VGF7} Sojol I AE A% Aol A, 2x10° e MEZ FaE EMatrix 9l
POl E2 056 air. 5% C0,, 37°C HlE7|ol A 124]17F =0k oltu]o] Aaloith. &nA o2 400

FolA FH A (straight cellular extensions joining two cell masses or at branch points)< #eld}sd

_11_
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[0091]

[0092]

[0093]

[0094]

[0095]
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[0099]

[0100]
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o

HIANZEEY (Immunocytochemistry)

AEE 4-9 &)= AW (four-well slide chambers)ollA] wl¥3laL, PBSZ 29 AlAe 5, 1% de}x52
e gdoz 1083 TAAFY. AXEE PBSE 2H AFHE 0.1% Triton X-1002 10&3t permeabilizingst
Gt E27 89 (2% bovine serum albumin and 10% horse serum in PBS) S & 1AZF E=FAstar, 12 &4
(CD31, and CD45 (1:100 dilution, Santa Cruz Biotechnology, Inc.))@ @3}, FITC- T+ Texas Red-
AFACIER vl9-2, B #Hl(Jackson ImmunoResearch Laboratories) 22} &AE A3 cy. WP &
27 w7 (LSM710; Carl Zeiss) o2 A3t}

Fk2stolAl-3 o] Alo] (Caspase-3 Assay)

F}2atolA-3 A& Apop—TargetTM Capase-3 Colorimetric Protease AssayS ARg&3alo] &0lait}. o] ofAo]
=7l gA-30] o3& 71"l HAekE ™ f2] DEVD-pNA H A& (chromophore)o] AAEE ALz FAE =43
o, 71&e] FhasbolAl-3e] sl HukEH, 8 pNAY F FFE 405mme] TGCdA wlo]ARZHCE YR
SAT & Ut AR T2 ZdoA Mgt AXE &3] Wyl (1 MDTDHE AMEEIA $£838 b, AL =59

ol MEZNE YR Z AASGY. @A FE= Protein Bradford assay (Bio-Rad, Hercules, CA,
USMHE SHsTE. 50 ple AX FE4& G 7123} &7 37T wlg7|olA 2413 Q1w ds &,
DEVD-pNAE 405nm®| 3pgelA] wlo]a 2 &Y olE Ful& SA43th. Apoptotic MENA AL FFEet A
X9 FHEE Hwdte] pagolA-3 A4 F7F AEE B wsGiT).

A 24

dolE= HA+SEZ &AL, T 159 EFAAH 42 Student’ s t-testol ol FAHAG. T A o
9] 1HS bonferroni testZ ©]-83F one-way ANOVAol <&l 4=al=At}t. P <0.052 A% o
T}olr}.

<dd 23>

AAl 1@ YIAHE &R FAstE theA 7IAAE, QYRAZ, FANIAATAE 2 JIHE (MSCs,
HBs, EPCs ¥ ECs)ol W3] 5ol vlA @idS elFle® 3= niRNAY 2389

AeARl Az A F7IAEY] A7HEA F &3 Abol o] miRNAY FAIH GEE gelstr] A, WIAxE
3] 5712t (endothelial recovery)oll #ojsti= Wl 7F4] ME, thsAd 7]EAXE (multipotent stromal cells;
MSCs), FNRAE (hemangioblasts; HBs), d¥Wa]d74E (endothelial progenitor cells; EPCs), |4l
X (endothelial cells; ECs)E AEeitt. zk Ao Sol# wAE zta Q= HIEE o]§3dko] FACS
(fluorescence activated cell sorter)®@ °o]E MEE B3t 2 23, & 194 & § S+ vle} 2o,

T Y wERFNA W 7 AR REFE FAAsH

5
g:O
f

S, RI-PRE o] §3tol #919 A3}, & 2004 2 & g mish gol, AR/t thsd /AATANN Flma
I, FEATAL, WAAER Was) 25S WAAL Seld vhA viFsk (3le] BHe AR,
54 71AAE Sold whAQ Sca-13} cKite] WAL WA P

o -

W M E 3]E7]2F (endothelial recovery)olA, &4 7HHE A9S %3 dadd< sy 2o A&z YIAE
7F 88 fdod, & 304 E £ e ko) o], dRNIHFAES} WA X S7FskA R, T
] 3

o] Al &w Wshs, AE RS 8 oldH EVIAET SFAER MEtslA iy

WM EZ &7 7] BAAstE= zF AEZY] A EA microRNAZF 988 FEx Was] wel7] g8, vl 71A
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AEe] EolHel wA WAL EAIC R Sl microRNAS TargetScan 2713 (http://www.targetscan.org)

< B AT (E 1WA ).

* 1
54 7]1AAE (Multipotent Stromal Cells)

AE 4 ALK miR-96/507/1271
miR-133abc

BMPRII miR-19ab

miR-21/590-5p
miR-130ac/301ab/301b/301b3p/454/721/4295/ 3666
miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-3p/519d
miR-25/32/92abc/363/363-3p/367

miR-99ab/100

miR-216b/216b-5p

miR-153

miR-181abcd/4262

miR-26ab/1297/4465

CD133 miR-142-3p
miR-29abcd

PDGFR miR-34ac/34bc-5p/449abc/449¢c-5p
miR-219-5p/508/508-3p/4782-3p

miR-182
miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-3p/519d
miR-141/200a

miR-24/24ab/24-3p

miR-27abc/27a-3p

miR-140/140-5p/876-3p/1244

miR-218/218a
miR-130ac/301ab/301b/301b3p/454/721/4295/3666
miR-181abcd/4262

miR-33ab/33-5p

miR-26ab/1297/4465

miR-29abcd

A= &3 CD45 miR-141/200a
miR-129-5p/129ab-5p
miR-133abc
miR-124/124ab/506

VEGFR1 miR-204/204b/211
miR-338/338-3p
miR-96/507/1271
miR-218/218a
miR-182

miR-144
miR-22/22-3p
miR-139-5p
miR-133abc
miR-124/124ab/506

Nucleostenin miR-143/1721/4770
miR-374ab
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X2
AR E (Hemangioblasts)

SIS31 10-2015-0001395

AR A

Brachyury

miR-219-5p/508/508-3p/4782-3p
miR-217
miR-9/9ab

GATA-1

miR-9/9ab
miR-149

RUNX1

miR-18ab/4735-3p

miR-27abc/27a-3p

miR-141/200a

miR-22/22-3p

miR-184
miR-15abc/16/16abc/195/322/424/497/1907
miR-23abc/23b-3p

miR-214/761/3619-5p

miR-1abh/206/613

miR-9/9ab

Cell
mobilization

CD309

miR-455-5p

miR-221/222/222ab/1928
miR-200bc/429/548a
miR-15abc/16/16abc/195/322/424/497/1907

(D117

miR-221/222/222ab/1928
miR-34ac/34bcbp/449abc/449¢-5p
miR-137/137ab
miR-193/193b/193a-3p

AXE olF

(D31

miR-210
miR-26ab/1297/4465
miR-27abc/27a-3p

(D324

miR-217
let-7/98/4458/4500
miR-23abc/23b-3p

Ax ad

EphB4

miR-133abc
miR-124/124ab/506

gau4

Tie-2

miR-150/5127
miR-139-5p

miR-144

miR-31
miR-214/761/3619-5p

* 3

B WIATAHE (Endothelial Progenitor Cells)

AE olF

CD93

miR-99ab/100
miR-29abcd
miR-138/138ab
miR-27abc/27a-3p
miR-23abc/23b-3p
miR-214/761/3619-5p

(D105

miR-214/761/3619-5p
miR-150/5127
miR-370
miR-326/330/330-5p
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=4 ?zdy

MMP-9

miR-491-5p
miR-149

Cell homing

(D184

miR-338/338-3p
miR-204/204b/211
miR-1ab/206/613
miR-9/9ab

SIZEA A A

INF RI/1I

miR-214/761/3619-5p
miR-24/24ab/24-3p

Cell recruit

CD62P

miR-9/9ab
miR-26ab/1297/4465
miR-202-3p

F 4
U9 A|¥E (Endothelial Cells)

AZ 523

(D106

miR-145
miR-181abcd/4262
miR-202-3p
miR-346

(D112

miR-24/24ab/24-3p

miR-124/124ab/506

miR-214/761/3619-5p
miR-15abc/16/16abc/195/322/424/497/1907

(D144

miR-125a-5p/125b5p/351/670/4319
miR-101/101ab

miR-338/338-3p
miR-27abc/27a-3p

(D146

miR-125a-5p/125b-5p/351/670/4319
miR-129-5p/129ab-5p

CD160

miR-874
miR-653

(D248

miR-140/140-5p/876-3p/1244

CD54

miR-130ac/301ab/301b/301b-3p/454/721/4295/3666
miR-223

miR-383

miR-141/200a

CD62E

miR-141/200a
miR-204/204b/211
miR-182
miR-7/7ab

vilF

miR-24/24ab/24-3p
miR-214/761/3619-5p
miR-15abc/16/16abc/195/322/424/497/1907

AR AR

(D106

miR-145
miR-181abcd/4262
miR-202-3p
miR-346

Ax 2g,

243}, growth
motility

(D151

miR-124/124ab/506

miR-22/22-3p
miR-34ac/34bc-5p/449abc/449¢-5p
miR-214/761/3619-5p

miR-7/7ab

miR-370
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TargetScan ZA¥E HIHO T target score’b %S microRNAZS AMWEsle], Z AFEo|Ae W UANS
It = 404 & 5 A= vkek Zeo], miR-17, -21, -23b, -29 Yo A zell A o] =%k, miR-
15b, -144, -145, -329% theA 71AA| EZN A HHo] =9},

=
rir

TargetScan A9} real-time RT-PCRS &3t microRNA D& A4S vigo = witfo] dk. =
5014 B 4= & nkel Zo], disA 71 EAES maintenanceo] ToidtE ©lAS EFAIEHE microRNA (FH-24)
), WIAEZ FZo| st dllAS ERASHE microRNA (FHeA f1), thsid 71 EAES] Eslol| #oste
Wl AS EFISE microRNA (254 )= A sla, I FolA v 71EAES aAE2e] fsfd #
Ao 2 o= microRNA (015_—8 A Fi)9k g5 71 ZAME maintenanced FES Ao 5

= microRNA (€2 =4 FHiHE Ausgitt. Jd9E nmicroRNAE F%5 AFS B thsd 71EAxe
A ¢

maintenance®} WA E =] F3}of ﬁroi st=x] gl git),
A4 2: WIAAE FE7|Z3 thsA 712 A2 maintenanced] Fd3tE miRNAQl FA

VEGF (vascular endothelial growth factor)¥ E7]429 WIHMERS] E3HE FE3= EAQL A EFLS]
o2 A ek, MSCsoll VEGF (50 ng/m)E AHslar, 169 B¢k ¥3} 24, = 6o 2 & & vt 2
o], Aztel wi} thsA 71ZAME EolZ npA (D45¢} cKite] LA A A sta WIAE Eo]F npF
(D31, vWF, VE-cadherin®] W& F7lete 3& A3 F At

T4 71FAE] VEGF ofg FAERe #3} A= theA 7IFAE] vEs A fxek Aol gl
VEGFoll 2]3F WA E &2 ¥3}=, phospholipase C (PLC) ¢14F3}E %53k PKC-PI3K-AKT-HDAC3-p53-p21 pathway
2 =3 dojdtt. HDAC A3NA trichostatin A (TSA) = HDAC3 siRNAS E3d+ HDAC3S] A A= VEGF
o1g U AE niA e BHE oAstn, WHE HDAC3E IEFA7IE WIAE npA e @HHo]l FrhEt. tis
A AVAAZ VEGF (50 ng/ml)E Agste] oA zz 2312 H%89, PLC, PI3K, AKT 223}7} Eolxx
HDAC39] A4S B3t p2le] BA= Z71stth. o83 VEGF & xﬂe EfAlo2 3}= miR-15, -144, -145, -329
2 EdxAAsAE, VEGF] 93k Az A@7]zte] A AT (= 7

2

M
)
o
.S
ox

Ol

ol

7]
A KeN
=
<)
Jé

3}
=

1F_EL

Ea, = QoA B &4 9l upe} o], UMM X Eo]A ulAQ (D312] mRNA W& o] Z7}ekR| &kt theA 7]
AAFEEH vAQ Sca-12] mRNA S HE Qo). whelr] VEGFRE ERAEHE microRNAE VEGFe| 93t ths
A NEAEY] NIME E3t9} oA 7AAE rliEE ddH fAE 248S & 5 AT

AN 3. tsd 71AAEY WA ERS] E3}e] &= microRNAY] 573

5o =2, MSC Aol 3el3}+= PDGFR (platelet-derived growth factor receptor), (D133 ©¥ &S E}ZF

microRNA7} ohs/d 71dAMEe] UIAEZ ] &3] s FeA ERlsint. 7AxY A7tsA 2 35
d Asddoe] Agwoleof lar, RIE F7|AES] E3le ArhEAH Asddo] AsEojof dojdtt.
54 1AAEY ni3 AE 54 = PDGF-MAPK cascades, BMP-Smadl/5/8 phosphorylation, CD133-p38-MAPK-
PI3K/AKT pathway®] A E&HA LS E3F| o|FojATh, AKT <QA2Fsle} ERK 14 al= MSCe] Sx19F Ao Zash 9
S 3}, PDGFE MEK, ERK, AKTE] <1x3slE F=sird SA3A7]1=d, = 994 B 4= & vlel o], VEGF+=
Al gtz e] G485 A gt

-

oo

wek, & 1094 B 4 9= vkel o], PDGFRE EFASHE miR-17, -26a, -29b, -219 oA, miR-26a$} -29b
7} PDGFel] o] &k MEK®} ERKS] &S A 3)3tith.

MEK®} ERKe] &3 Asle Az APz d3ke] AN, & 1104 &3 4 3l
26a¢k -29bell ©] & MEK®} ERKO] 24 Asle thed 712AEe n| A
AR AP P o] glslth.

Sk, (D133 (prominin-1)2 E7|M¥E2 Eold mAR, EV|AXE vEPIHZ FAst=d T8
o, = 12004 & 4 9l wke} o], (D133e EMlSHE miR-29b, -30a, -542i= (D1339] AEzAE ozl
AKTS} p389] <lakstE oA8ldtl. PDGFReF BMPRS EMAlEM:= microRNASE w72, (D133S EHAlS =
microRNAT= thadd 71 AAM xSl vitsl A F25 A g,

PDGFRS} (D133 E}AISHE microRNA FolA A& E-S A3)|s miR-26a, -29b, -30a, -542%5 A Esle] vl
Z1AM S B &3 AdE A9 AA thed VIEAEe] UFAERS Bl 4TS F=A FAsGiTh. 490
o] microRNAE EdMAdMe 169 < vkt thed 71 dAEAA WIAE 5o]F mpAQl (D319 Hd-2
Z7eRar, thsAd Z1AAME mFAQ Sca-19] WE-e #AAdE AES BT (&= 13).

rot
i3
i

[o
o

i)

ol
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wak, & 149 AEHIAGMHE (immunocytochemical staining) Ay A= thsAd 71 ZAE A wlAQ (D45
o] e vrobga, WIAME Fol4 wtAR (D319 wdL F7hsk AL Esgint. olyst AnE Fa, vt
$4 Z1AAES TR E f4 A gelshs wMae Asshs nicrRNAE thE S)Re] AFeld
glol thsA Z1AAEe] USALRe] RS FEDGE A2 FAT 5 9
A =0 2 microRNAYl 93] UFAIER #3lfEd theA Z|AAEZE WIHAME FolF AHER] EAA FA
I olEg HoleA Lotrdrt. 1 Ay, & 15904 B F ol vkl 2o, 4709 microRNA Fel A miR-26a%}
-20bE w3} FE TheA TIEAEAA BAF A o] 38 o) FUH AS FAT & AU
w2bA], miR-26a%t -29bE Thed Z1AAES] mEst AE fAol #Hdte AsAES AAlste]l, WIAE
So)q AE AT G4% o% S4S 2 WAAER BsA AFAES B,
A
=20
s00 c-Kit s00 Flk-1 s00 CD31 500 VWF
S .. 3 .. S .. 3 ..
b e e R ERENCIC A EREACC
FITC-A
EH2
10.0 d
T e o - OO 3 ,.[ CIMSCs BHBs HEPCS HECs =
I | it 8- w
B v T 30 " "
TR cosi o 20 . "
IR ) VE-cadherin 2 . =
B GAPDH 3
MSCs HBs EPCs ECs e
Sca-1 c-Kit vWF CD31 VE-cadherin
EH3
. Multipotent Stromal Cells
. Hemangioblasts
100 — [ Endothelial Progenitor Cells
X .
= [ ] Endothelial Cells
(]
2 1™ w75
s ugpm-‘-gz‘-m:gzmum‘um‘nl‘,s- ; 73.81
« FITC-A S
= 50 —
2
B o5 3.04
2 3.86
3 ol 388 873
Normal Balloon injury
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R=yp

let-7b miR-144
miR-1 miR-145
miR-15b miR-181a
miR-17 I miR-205
miR-21 [ miR-210
miR-23b miR-219

[ miR-26a miR-221
miR-29b miR-329
miR-30a miR-365
miR-99b miR-494
miR-124a miR-542
miR-125b  MsCs HBs EPCs ECs
miR-126
miR-133a
miR-140
miR-142 M High Expression
miR-143

MSCs HBs EPCs ECs M Low Expression
EHH5

* miR-101 - miR-124
* miR-193 » miR-202 - miR-214
* miR-223 » miR-296 - miR-299
* miR-326 - miR-339 - miR-346
* MiR-378 * miR-425 « miR-431
* miR-485 » miR-490 - miR-504
» MiR-653 - miR-873 « miR-874

miR-128 « miR-130ac

miR-140 - miR-148ab

* miR-15abc

« miR-150 « miR-203 : "‘!2‘?14
. miR-17 \ - MiR-377 - miR-379 R g
- miR-21 \* MiR-383 - miR-24/ - miR-129 . m!R'329
- miR-25 \* miR-27abc - miR-141 ) m!R-338
- miR-29b \ MiR-491 - miR-143 miR=
- miR-26ab - miR-181abcd
- miR-19ab - miR-182
» miR-30abcdef * miR-204
* miR-33ab -+ miR-93 - miR-22 miR-9 - miR-136

* miR-342
* miR-132
* miR-133abc
* miR-218
- miR-34

s MiR-96

* miR-99ab -+ miR-135
* miR-142 * miR-146ac
*miR-149 - miR-153
* miR-191 * miR-197
* miR-216ab » miR-219
* miR-224 -+ miR-375
* miR-376¢c * miR-455
* miR-494 - miR-542

miR-138 * miR-139
miR-187 - miR-190
miR-335 - miR-370
miR-382 - miR-615

_18_



SIS31 10-2015-0001395

EH6a
Control 1 day 4 days 7 days 10 days 13 days 16 days (VEGF 50 ng/ml)
Nucleus
CD45
CD31

Merge

50£ ~ Control

. 7 days
5 = 10 days
& 10~ =™ 13days
> m 16 days
CD31 3
¢
VE-cadherin s 5
©
GAPDH ©
Control 7 10 13 16 (days) (1)
VEGF (50 ng/ml) c-Kit VWF VE-cadherin

\a}
S = @IV N AN
) 6‘\@ ((‘\\?* 6‘\\?* 6‘\\?*

Relative level (a.u.)

. —— o!p-PLC
[ ——— ——— - —| D| C
T e p-PI3K
e it e . e | P 3K
e —— | D-AKT
- - — e = ———] AKT
R e | HDAC3
T —— » N 021
[ ———— | (_actin

px ,\bb ‘5(19

©

VEGF (50 ng/ml)
; @p-PLC Op-PI3K dp-AKT @HDAC3 dp21

Control - miR-15 miR-144 miR-145 miR-329
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