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AEWE 1 A AGuE 308 olFold wortE Au A714Ge e Heolm: et A
s SRR ok 245

Al 18l 9lol A,

7] el == AAAFEAAMIF)-1a, SIAWIAAEZAGAA(VEGE), IFo]B 29I (fibronectin), T ZF
22l (collagen) o] FES T7MA71E A& EHOR sk, oy A4 E.
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Al 18l do]A],

A7) Aetol = AE o (migration) & F7H171E AS EHow s, g 24E.

AT% 5

AEUE 1 A MEHE 308 o]Fojzl o aRE Auy A7MES 7Hx= HElo|=
3T% 6

ApA]

o
X
RJ

7l & & oF

e VEGF 2dE F7MA7]Ie Alafe fEelel=d B8 Aoz, FAHoR 7] HElel=E Fidhe dA
A7 e AF2AANBE oFeE 2AHE T #e Aot

I

ANA 2o BHE MEE oA A9 gty T35S FAF gt olujgt dAf Foll Ailkel gk Alx
W AbA ES fX138H7] 9l Wo] @Al Aot (Chandan et al., 2009). HIF-1a7} 2R ®E Ad5&E9 3
- VEGF (vascular endothelial growth factor) W&o] 7Astal, AxEAEo] o]Fojx it W AGHPAY ol
Sol o8& ol AelolA A3 (Iyer et al., 1998). Wound HA FZ A £38 AHs|AA &4 99
A FES AR EN A7|E " £ fﬁ%%}ﬂ] "oz AiA A= wound healing 71 dolA Fa
3t A8+ shrh. A4 AElA], dermal fibroblastollAl TGF-B1 (transforming growth factor-g1) Ao =
7Vatm Az Ao A keratinocyted] 5SS F7FAA fibroblastoll A collagen Ao #Fodsitt= Aol B
o] dot. =3, I3 WS =S wound healinge] 23 I3 WA A <A<l VEGFe HAF A4S =
THAIA Ak oEARD Am ZA AtA FFE dEsA 3 Fvh (Trentin et al., 2006; Sheid et al.
2000; Hirota et al., 2009).

A& % 2} HIF-1 (hypoxia—inducible factor-1)3 AAkA Abjo|A f% WA Ew AE Yo Ao 3HakA
S FA57 Yoted AAAAYA, erythropoiesis, glycolytic metabolism 5o TEE FAAES FHAA 7= 7]
& gl HIF-19] 842 S84 HEF, 59435, ey #2995 vhge v Ao Wy 7)
A7 A BAZE Q7] wWEed F8 2%k PSR AREEIL Ul HT A4 Bl 4R A F9
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oAl RORa W&ol F7IEH HIF-1S 2483 4 e 3 F8Ade] HaFHAh (Kim et al., 2008).

RORa (retinoic acid related orphan nuclear receptor a NRIF1) & NRL familyol] <&3}& 1o} 3
F&AoH, 7, AxA, d#, AT, &5, 5 o] 7|FHeA Bo] LAFET (Jetten, 2009). RORa+= A4t
2 AEHY Wy MEAM wtdol A F7lsk (Besnard et al., 2002), RORa Z2XE] HRE (hypoxia-
responsive element)7} EAste] AAFA AHelA e AAF @S S7HAXITE Aol WY (Miki et al.,
2004). RORa ¢ =L 2RF=rh A4t A dds S7HAA VEGFS] S SXdo A A4t v du A
A5 &8 F 9Fo] HaHArk. =g, o]¢k #¥ste] RORa© DBD (DNA-binding domain) F-io] HIF-1¢]
ID (inhibitory domain) %3 A= ZA&sle] HIF-1a 2 HA3A]7]|2 VEGE 2&ALS Z7kA71t= Aol 3Hely
2tk (Kim et al., 2008).

g J§
ddstef= A

2 izl & HE % HYE VY, A8 B T gds 3 w22 4 e ZEQ A (wound) &
AN G e, AMRo] THASHAE Hgo] tge A=AE MdstaAt oo w==Hek Az HIF-1a 2d 9
=72 %3k VEGF, fibronectin®} collagen 59 &4 =7lA]7]%= RORa DBD 9 7|4 Ee I T =49
olgl |rIM4Es ZYstE Feol=E AFsA HAT. wEkA, 2 W] R VEGF @dE FUME A Rse
& Fgo|=E A FeEte] AlgFgE AR A &E(wound healing) TE R ZAAYAL otz AES AFTEE A
o|t}.

gk TAlo] ASE A Fom AFHA e E

S, w o] o FaA s J1%H AAlE ool A A
B BAES obehdl AARYE GYAAA FHS old = U Aol

B2 E e

2 e AEHE 1 WA AEHE 307 o]Fojzl o RRE] AuUyE VINEE HAE A e FEEE
A &3}
Boubgol o oA, A7) Fetol=E AMAFEAAMHIF)-1a, AN AEAYASAH(VEGE), dfo]B &

= O [e] i
WEl (fibronectin), L/%= ZFd7l(collagen) e IS Z7A 7= AL EF o7 3},
ot o] o2 pFA oA, A7) FEe]=s dAUWIAAEE FAATE AL ERJow J

Boulgol g2 FEAoA, A7) FElo]== A E o]%F (migration) & FVINIIE AS EAF O ).

EE R Uye AUuE 1WA M90S 308 offeld Toriy MuE g HEe e Aeel=g ¥
Fohe PANE wE ArzARE Gy 2B AT
EE R ome 4] opsty 2ARS AAG elste] AAAR E IR2AS AP U ATD

2 29t Fefol== HIF-1a 9 A& &3l VEGF F-3AE SSAI Lo ZHN AE F2 4 ol

(migration)ol 9&S Y. wekA wound healing, HHF =2 A4y, IR

Ago] kst X 54 s o]&d F AS R 7V

oA A¥EE upgor E Uwo wE Atk fElo|=rt FIARE A F7HAI7IA
2AE RS 1H3 & o], wound®] Z7] wHAe] YElUs F57]

o

7
Az Ao Hls] W2 wound healing &3} S Zo= 7|tdd.

= AE = aA

1M fras ads YR 7S

vy

12 NR1, NR2 % NR3 ©] HIF-1a 9] AAFEA ] vx= 32 vekd Aolt),

H
Do
i

NR1, NR2 2 NR3 ©] HIF-1a 9} VEGFS] ¢ @do) vz &35 vepd Aot}

I 32 NR1, NR2 ¥ NR3 o] &I M LA Add Aol Fast Feshy M3}l Tube formationd] PX&=
295 yepd Aot}
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% 4= NR1, NR2 = NR3 0] human dermal fibroblast (HDF)oll4collagen 1A2, fibronectin ¥} IF-1a ¢ @&
Wao) nxeE g3, 9@ lagen 1A2, fibronectin¥} VEGFS] HA} Ao nx= &35 e Aot

X 5% NR29} NR3o] HDFel Al A3 o] (migration)ell ®|X& &FE A7td] EZ vepbd 3ot}

62 NR37} 55 A3 A wound healingd "XE EHE 7|4 @ Al AuA (FAY, F31kE)¢ v)asty]
A7) 2asE el AHoltt.

= 72 NR37} & A¥A wound healingol] WX

=S =
= - il [<}
AEAEE W AE YEAE, TR TeA TAES 2AYuHAon 1AW A% e sol.

wgs HAjslr] gt FAE Q] fE

2 e HIF-1a 9] 84S &3 VEGF F3d2E @45 A 712 Ax 524 4 o]F (migration)o] F3FE v
Az Ard Feolmg At vk, FAFoE, AV Alatd HAete|l=&  E3) HIF-1a, VEGF,
fibronect in®} collagenf’% W3S Z7kx17)aL, HUVECs (human umbilical vascular endothelial cells) oA &
HNIANE FAS do7IH, fibroblastollA A3 o] (migration) & ST7FAIT 224 wound healing 2 3
5oz QA BAgh A3 A5 g3 v ARAE AFstaA; g

)

A

Ak~ AFefA], TGF-B1 (transforming growth factor-g1) A% Z7Vekat Ag A oA keratinocyted] &
(e}
e

3ol
o
7M1 A fibroblastell A Zepall /el #olditk= Abde] &4 gv. E=3 dd AAHE Fsta
wound healingoll Z83 7 A A AR VEGFY HAF F4E S7HAA b4 &4 X5 2o AbAi
TS s & F= 98-S ot (Trentin et al., 2006; Sheid et al., 2000; Hirota et al., 2009).

ot 2L

< 8BA S8 woundE EEAOR ARdhs =ds NEsaAl oo A7t = Ax, HIF-1a TEe )
& &% VEGF, fibronectin¥ collagen 59 #/4d= <7H17]:= RORa DBD (DNA-binding domain)®] $17]A1<d 9]
A e Edveld AVIMES IPshs FEl=E Al HAem, 47 FErel =7t wound healinge]
adHor Agohy WSt &, & ¥HEA o2 A7V f& fEels Al HIF-1a ol WA &4, HIF-
Laob VEGF e wtelo] Srtshe] dahiiojAaie] S4o] S7hehe Zle wasiglth. Ee & d9a 52 &
7] #& Fepol= A A fibroblastoll A collagen 1A2, fibronectin¥} VEGFS] whuld W&y} dAlgkajo] Z7}

X o° & dEsAeH, in vivo & (AU oA BiEw e vlarske]

3, ME o]% (migration) 7o o]
& 7k, SolxA A lARA

3}
A i 2 HE 95HXEY A 5 Holw 943 wound healing &
A 2IE YEYE sl

¥ oagol ofsbd 2B HSHoE d§ Jbed BAE TPT F vk Y] AR 98 b5
WiE AnAds, EPdEaEns, due, 484 0, % olaxzavdaheE 58 EFY & o
o, ol #35AE et
B owge) UE Sue ] AE BPe=E fRAROR Egehs okehy mBe okt fE%e )
Aol Folstel FAAR Et WFEAS AP UL AFTAT. B o2 hA" @& 48] AES B
2% S gae dnetn, noh FALORE A, EE -] G, A mouse), Alrat), 7, 1
o, W, W & Fo| EARE otk ma, B dweln “obsd faw o Ao AF, A%, 4w,
A, Ao, FelAzE, Folwy, WA, 0 A% F2E Bl ueh 7 st sl 248 5 Qe
o gl st
¥ owyel ofghd 24RO uhgbAd Folge B4 gu R AF, Awel 4E, o Fu, TPz, 2 7]
< 0.001 WA 100 mg/A

2l et GEAT, IR AF FYA 499 F 3 T AR, |
lEr__

=
ofgth. Fof= sl W FAY = dar, o

wowgel oty zgEe A, 47, 1%, A §o) ZHES Bgd . Fold & lvh. Felyo
£ Agel gow, 4% wW. 47, 44, me A, o8, A, Az A, E= 998Gnr
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@ AAdE ANFT. e ele) AAldE B ouge ug 4
AR e Sla) ¥ umel ugol B e ohd,

Ag NR FEro|= A Z

2oy o] A9fgk NR HERO]=F Fmoc—chemistry (9-Fluorenylmethyloxy-carbonyl group2 @ ofu|i=ike] o}gl

HEE AT W Fol Ao =E GG W) F ol 8% A (solid) HElol= FAHel W) Fobae
2 FAstar.
E 1
NR_fEfo] = obv] At A EEDES

NR1 KNCL IDRTSRNR 1

NR2 KNCLADRTSRAR 2

NR3 KNCLIDATSRAR 3
ERE)

7] 219t NR FEbo]=, & NR1, NR29}F NR3E o]&3le] 317 AdS A5,

AAe 1. NR1, NR29 NR3°] HIF-1a ¢ AAIEAY uXE &3

HepG2 A ¥ = ATCC (American Type Culture Collection) ©ZF-E L3R T, HepG2 A|3E (1)(105 ME/A)E
12-9 wjSZeolEd AH3staL, 10 % FBS (fetal bovine serum)E E-F3F= DMEM (Dulbecco's modified

Fagle's medium) ®iX|ell A S5 -5oF vlFalgltt. HepG2 MXEE 5 % CO, 2 95 % 3715 Z2e &5 F=7]A

37 C& frAskA.

Wk . AES Welfect-EX Plus (WelGENE Inc., Korea)E o] &8to] HRE-Luc. (100 ng) 2 %E Zehsm=w
FAASA A, FF A8 24 AJ7F ¥, NR1 (0.2 pM), NR2 2 NR3 (0.2 =& 2 uM), &0 (WhzxETE: DMSO,
Dimethyl Sulfoxide) < Hgslgct. Agst % 24 A7+ &, FA|HgtolA] &AL Analytical Luminescence
luminometer & ©|&3te] S43IAtt. A a&S 2137 93+, 200 ng®] B-galactosidase (B-gal)
Wy HE e 84S o] 85ty FAIFHTOMA A4S 2FFEAY. 1 AFRE T 1o YERST.

L 1ol yehd wpel o], NR1, NR2¢F NR3:= HIF-1a 9] AAMAES S7HAZG. 53] &ulirt A2 dizxd
vl 20 v o] Fdow &de U= Aow dRHA.

Olt «{ob

?u,

AXd 2. NR1, NR2Y NR3©] HIF-1qa ¢} VEGFS] vrild g nx& 3

HepG2 AE (1x10° AE/)E 60-om 1ol WPk, 106 FBS (fetal bovine serum)E T3k DIEM
(Dulbecco's modified Eagle's medium) ®iA|ellA] &p2ubaet viksiivt. i -, HepG2 AEE dlxar3} 2
uMe] Zbzke] NR1, NR2¢F NR3E 24 A1 Aelaigivt. A2 § 26 Bx" 2o o) Hds 24
sarh.

T A A , A7 %, 50 mM NaCl, 50 mM Tris pH 7.4, 5 mM EDTA, 1% NP-40 2 ZR2go}Al AAAS E3tst=

&3l < °ﬂ"1 A ¢ 30 FF HepG2 MEE Fatar, YiliEegdstel A4 Ax gajds ATt dA Al
x ooﬁo—‘iiil‘i—ﬂ AL 20-30 pg YMES 9% SDS-PAGE (sodium dodecylsulfate-polyacrylamide gel
electrophoresis) atil, Zgujdgldl t=Fo#]= 2 (Millipore, Bedford, MA, USA)oll Ho]A#ATE. 0.1%
Tween-208 ¥3%Feli= PBSW2l 5% =& 10% (w/v) HIXW Ax Wazs EEYS AAska, HIF-1a, VEGF
(Santa Cruz Biotechnology), a-tubulin (Calbiochem)el]l w3dt EA Ao} ¥F--AFt}. HRP (horseradish
peroxidase)- 3% 22 A (Zymed Lab)E o]&, HIwSA S Amersham ECL Western Blotting
Detection Reagents® #H&3th. @4 5= BCA (bicinchoninic acid) (Pierce) &40 2 A &F3}sl9lal

U
o B
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a-tubulin®] BHE oz RYHHSG. 1 A3 &= 20 HERHAAT.

%= 29 vebd wRel o], NR1, NR2¢9F NR3oll )&l HIF-1a 9} VEGFS] @l wdoe] Z7lste Ae #2383t

AA) 3. NR1, NR2 & NR3 o] EFNHMEA Tube formationd] WX &34

HUVEC (human umbilical vein endothelial cells, Lonza) A%+ 10 % FBS (fetal bovine serum), insulin (5
ug/ml), rhFGF (recombinant human basic fibroblast growth factor; 1 pg/ml), rhEGF (recombinant human
epithermal growth factor; 0.1 ug/ml), gentamycin (50 gg/ml)3} amphotericin B (50 pg/ml)e] 7}
endothelial cell growth mediumel 5% CO, ¥ 95% 718 2zt &5 F=7|dlA 37 TEZ FX35tl. 96-4 nj

FZgo]Eo] Matrigel (10 mg/ml)E PolF1 37C=Z 7oA 30 B3k A7 ol HUVECs (1x10° A%/
A53 F, thxT (vehicle)™ 2uM  NR1, NR29} NR3Z 24 AJZF A3t Fo] dAn3S 53] tube
formations ¥&stal 1 A3E = 3o YEATE.

% 39 yERd ukel o], F3uI| A EoA] VEGF] HHo = <l 311 7t = AlgAAge Fad sty #
3}9l tube formation®] NR1, NR2¢} NR3o| oj&f Z7}3le= AL #s3c).

nr‘v»:"
tlo

)
ofN

AAle] 4. NR1, NR2 & NR3 ©] HDF (human dermal fibroblast)olA]l collagen 1A2, fibronectin, HIF-1a @4
A By uXE &3, @ collagen 1A2, fibronectin, VEGF ZHA} Ao m X+ &3

HDF (human dermal fibroblast) M¥ (1x10" AZE/W)Z 60-cn” MGl A1, 10 % FBSS 5ok
DMEM (Dulbecco's modified Eagle's medium) ®jA|o| A s}&wE<t vikstitt. HDF M¥EE= 5% C0, 2 95% &7]
S e g5 g27)0A 37 T2 FASATE. sl 5, HOF MEZE 2 uMe] 7479 NR1, NR2$F NR3E 24 A7t

A& sttt A8 &, collagen 1A2, fibronectin®} HIF-1a (Santa Cruz Biotechnology) Tz el 23S 9|
24" EXY ZAYoR EA359, a-tubulin® TEE xTo=2 RUHPET. 1 AFAE & 4ac] e
Bibo=

%= 4a0] yeEhd uviel o] NR1, NR22} NR3ol 29]8l collagen 1A2, fibronectin®} HIF-1a o wulz dlgjo] =

olo] Bt FUZ FAOE HDF AlEo] 2 uM Z-7ke] NR1, NR29F NR3E 24 AJzF A 2]3k -, RT-PCR (reverse
transcriptase-polymerase chain reaction) EXWMoz AL Ao nxe IS B3, PR 932
collagen 1A2, fibronectin¥} VEGFo thg-3 o] Z+z} Eo]42l primerE AFE3NA =813} t}; collagen 1A2
(forward: 5'-TCCAAGGACAAGAAACAC-3', reverse: 5'-GCAGCCATCTACAAGAAC-3'), fibronectin (forward: 5'-
TGAAGAGGGGCACATGCTGA-3", reverse: 5'-GTGGGAGTTGGGCTGACTCG-3"), VEGF (forward: 5'-
CTGCTGTCTTGGGTGCATTGG-3", reverse: 5'-CACCGCCTCGGCTTGTCACAT-3') I} B-actin (5'-CGTGGGCCGCCCTAGGCACCA-
3", reverse: 5'-TTGGCTTAGGGTTCAGGGGGG-3").

% 4bol] YEFY uvlel Zo], NR1, NR29F NR3ol|l 2] HDF |30 A collagen 1A2, fibronectin®} VEGFS] HAA} &
Aol ZrkstleE AL BFs k. A7) 23, NR1, NR29F NR37F wound healingol] =83 da A4 A4 2
ZFel VEGFS} SolxA o] we A4S do7|= collagen, fibronectin® AAS =ZAZ 4 US& on| 3},

AA4 5. NR2¢} NR37} HDF (human dermal fibroblast) oA A ¥o]% (migration) 9 V[X|+& &}

HDF A X (3)(105 ME/A)E Culture-insert HIFAA] (iBidi)el H=3}a, 10% FBS (fetal bovine serum)=
S-3-3F= DMEM (Dulbecco's modified Eagle's medium) HiA]o|A 3&}5wF Fob wjkdldct. HDF AlXE 5% (O,
295 37158 e g% 2744 37CE FASIA T, Wl §F, Culture-insert H]YFFAl] A= culture-
insert 9F& AAS §F, 7}z 2 pMe NR29F NR3-& A E|skSith. peptide A& =, 6A1k2 24 A|7F Fof] dAn]H
S B3l AE o]F (migration) =& ##Esta I 23S = 50 YERSIG.

L 5ol upEbdk wkel o], NR2SF NR3] 24 AlZE A Al &uiRt A2)d thzatol Hls) A3 o]E (migration)e]

1

ol



[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

SS=50dl 10-1337767

(ot
3
ol
e
2
i
rlr
=
tlo
a=)
L
ol
ol
32
ui

AAo 6. NR37} in vivo A9A wound healingdl ©X& &3

950-280 g¢] 4% Sprague Dawley #¢] dorsal hair® #1733 Zoletil50" (Tiletamine/Zolazepam)/ Rompun'
(Xylazine) &8-S 71X [P FAIE mFHA AT, A9 dorsumdll F 7Y HF AAE$ (1.5 cm X 1.5 cm)
= W5 3 6 e 12 o] AR el A=, 7]A| (polyethylene glycol 400: polyethylene glycol 3350
= 4:1), 500 pg/g NR3, Al# AA| (FAY, FALUMGEE; F3oFH)E 247 Al $, 3,6, 9, 12 & 15
o T A A7 HAE oty AE o]&ste FA3ta 1 AAE & 74 YERNAT.

Wound size reduction (%) = [(Ag~At)/As] x 100

& 799 Feold A= FAa7F NR3
1A+ % Awlsh Fakz4e AAske] 10 TAlgF-E2
AT T AHlE Al (embeddlng center)E AF&sle] mbebdl <te] 719 Ta A WHS wIE oS o]
EA#-o] 24l (haematoxylin-eosin) &2 GMsla dAnjAo g BAE= 22 HALE A dqsT).

,d
e
oo
12
2
>
= K

OHTI

oS A% 2284 in vivo wound healingS SA37] €3l Digital 1mage analyzer (DMI-300, DMI)Z
A ¥ (desquamated epithelium regions) Z7], A3 A&, SolxzZo ] AARAITL 5=,
A dSAxe 4, g 3d |y 9 Solxz] WAS S4ske 2 295 ® 20 YeERSIY.

411

X2
Groups
Histomorphometry A= 214 Azt NR3
zZ A DA A A
Desquamated epithelium
regions (mm) 4164091 | 3.53+1.16 | 2.9140.28 | 1.95+0.31"%
Re—epithelization (%) 58.40+9.13 | 64.46+11.5 | 7091238 80.52+3. 14
In granulation tissues
Microvessels numbers 75.2%11.0 70601974 | 572183 45.2+10.0"#
Infiltrated inflammatory
cell numbers 325.8485.4 | 239.4452.9 | 97.6%8.5 | 34.0*18.4™H
Collagen occupied regions (%) 41.78+6.49 | 43.0719.61 56.146.9 | 79.50+6.00™ ¥
Granulation tissue areas (mm? 23.32+6.66 | 24.67+8.70 | 8.02+0.89 | 3.71+0.89*"H

Values are expressed as Mean + S.D. of five wounds

*p<0.05, #++p<0.01 and +++p<0.001 as compared with base control (7] #])

#Hp <0 01 and ###p <0 001 as compared wth gauze control

olo Hale], dwAS T3l 2ABWHTH #FAS sho], £ 99 YEY. e A= AE diEzT (A-0),
1A A&t (D-F), Al ?iilxﬂ (G—I)@r NR3 (J-L)E YebdTE. A, D, G, J9 HHE(*, asterisk)+ 49 4

, 9 2Aol A A A B} 2
T s T AT N P g
A
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Re-epithelization (%) = [(A-B)/C] x 100
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##p 0,01 and #++p<0.001 as compared with base conrol (7]4])

40,001 as compared with ganze contral
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scale bars = 160um

DE, dermis; EP, regenerated epithelium; LP, lamina propria
AzdzT(A~C), 714 (D~F), Al#ALA (G~D, NR3 ARAJ~L).

e Fe LEF AN gd 794

A, B,D,E, G H, I 9 K: H&E stain; C, F, [ 9 L: Masson's trichrome stain
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