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7 A A
FrHY
ATE 1

s @AES EE= TIMP-1 (tissue inhibitor of metalloproteinase 1) & TIMP-2 (tissue inhibitor of
metalloproteinase 2)& &AL LZ Ff{dle IAFTF /MAds B JFadE FHeo] 48 ANAFS71AHE
v kel o] Az

(a) 9o ¥HgdY(ventricular zone)ollA E&gh A AA=71ME (neural stem cells, NSCs)E =23}
(immortalized)Al71& ©A|; 2

(b) 7] =83t AAE7AEE vlfeA wx]el A wjFste] mjgde F58ks @A

2T% 3

A1ge] oA, A7) AA=ETIAE wFdAS MIP-1 (matrix metalloproteinases—1), MMP-2 (matrix
metalloproteinases—2), MMP-3 (matrix metalloproteinases—3) 2 MMP-9 (matrix metalloproteinases—9)2] 2t

A wE B2 AASE AL BHOR s APEIAE o] Az,

el MRz Fehl wi deslg H¥ANE AL 540w 9

Agel] goid, A7) AAZ7|AE wjFae dyz4o] FAakA (reactive oxygen species) WAL oAl =
e z

DR EFESAE

A58l 9lojA, A7) DNA €4 Bt Rads0, Rad51 FEE XRCC4Y &4 Z71E E8 o] Fojx&= AS EARo7
A3

AT 7

A18ke] QoA A7) v]H-=A vi*]= DMEM (Dulbecco's Modified Eagle's Medium), 10% FBS (fetal bovine

serum) 2 1% penicillin/streptomycin®] Z&H AE 5AOR = MNASV|ME vjFd] A Zz=HH.



SIHS31 10-2019-0138361
7% 8

TIMP-1 (tissue inhibitor of metalloproteinase 1) % TIMP-2 (tissue inhibitor of metalloproteinase 2)&

EFshe AAEALY Mg FRNROR FRSe ARFE ANE EE ARUY S0 A9 24

Aggel AelA, 7] AAEZIAES] wFNE TINP-3 E= TINP-45 F7F2 Fshs AS

A
o
lo
ff
o
rir
ot

A3 10

Aol Ao, 7] AAE7IAEe] wiFdS MMP-1 (matrix metalloproteinases-1), MMP-2 (matrix
metalloproteinases—2), MMP-3 (matrix metalloproteinases-3), MMP-9 (matrix metalloproteinases-9), MMP-7
(Matrilysins), MMP-10 (Stromelysins) % MMP-13 (Collagenase)& AE=Z dfdlc A EFo= s+ 3}
48 ZAE.

A7 11

Agael glojA, A7) AAE/NAFEE Ho HAAA(ventricular zone) ¢l AS EAo=w = 3HE F
e,

A7 12

A3l goix, A7) AAEAAME wjFHS MMP-1 (matrix metalloproteinases-1), MIP-2 (matrix
metalloproteinases—2), MMP-3 (matrix metalloproteinases—3) 2 MMP-9 (matrix metalloproteinases—9)2] 2t

W mE BYS A A2 BYOR it YR 24T,

AT 13
Aggol YA, A7 AAZ7IHAE mGAL I FxH e g e dF2EHS IHAT|E e EHoRE 5
= 4 n AR,

Z7|AE wfgRe mR xR o] FAAA (reactive oxygen species) S A =
[e)
=

AT 15

A14gel] oA, 7] DNA

e}
LA e

b

A B= Rad50, Rad5l HEE XRCC4S] &4 718 £ o|FolxE AL

|
oX,
|o

il

A3 16

A8l lolM, 47 AAENAE MFNL gammal2AXE DNA &4 BEE Fofshs waz Agste e 5
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, . Hge, . AaA, AA,
lEA], oA, =z D BRAZ FAHAE TOoRREH MU o= st AFH A AL EFoR =

B odhge wFEwo] TIMP-1 (tissue inhibitor of metalloproteinase 1), TIMP-2 (tissue inhibitor of
1

loproteinase 2) ¥ AE X2 t}dl MIPsES FaA TR i3l JHEFE AT == giues 3

[e5

So] 943 AAZI|AE wgAY Az B3 Aoz Hul AASHAE Ay Zohal Eefo] woldts
ohefst 59 MMPs (matrix metalloproteinases) W&o ZAast A48 AT 4 A= TIMP-1 2 TIMP-2E
TFER SHREts AAS7IHE vk Azl ek Aol

Hl 4 7] &

3 o guat aye 20 % e 29 %9,
A3 L AAYFes PHe . EuE FE 49e P4shs Axs dehd Aag 4sts Bl
2 Az o]Fold glo.

T E‘ =
F2 e Aeksd BEdRE FAH s AGEAT 7]
3 %

953 wshe] 4Rl tpolo] Ffel] ofs WAEE WF-F 1 A9l oF A Foll o fdEE R4l 4

1 AfrofAl el A A E o] FH
o] 90%E TdstaL, d® B ALgHI T G A= oA HAghar &# A givk (S.D. Shapiro., Curr.
Opin. Cell Biol.,10, 1996; Naylor EC et al., Maturitas, 2011). =3}7} P AL 25 2t e x&4 o
2 &3 ZgAS ¥33F Atz AS B8k MIPs (matrix metallorpoteinase)?] e 2 #Ao] =712
5 29 24U FeAl FalE HIAAA, Feple] o] AotEE dle® & dnk (A, Mawviel., J
Cell. Biochem.,1993; T Quan et al., J Investig Dermatol Symp Proc. 2009). o]w], MIPse] & ZH2 A
A}QIA} (transcription factors) AP-13} NFkB7} MMPs 74 A}e] X2 RE (promoter)ell ZH&3sle] 3l o=
oA At (G.J. Fisher & J.J. Voorhees., J Investig Dermatol Symp Proc.,1998; K. Abeyama et al., J
Clin. Invest. 2000). W3k, =2 ZFeple] 44 FAA MPse] &/dS 9Alsk= TIMP (tissue inhibitor
of matrix metalloproteinase)?] #&o] FQ&tA 2H&3ic}.

TIMP (tissue inhibitor of metalloproteinase): 1, 2, 3, 4¥o] &A3}0, AAY &A= MPse A
A&S b, o] FolA TIMP-12 ZEpAlel= Bl IVE 92 kDa2] MMP-99] F%53 (pro form) 2 MMP-13} Z
F3lo] MPE w7t - oz oAgtta deAd 9ov, TIMP-2& FeAdlel= el VS 72 kDa2l MMP-2
@ (pro form)¥ ZAY (active form)¥ 5 At , 53] e MIPse] &% S At Barso] vt
(Y.A. Declerck et al., Biochem. J. 1993; W. Bode et al., Ann. NY Acad Sci. 1999).

ek, Aga®l (elastin) FEAARC Holehs Fag AfxAox FebAy s/ 93 g dofgtia
U o, depad"le] E3e AgtiElotAltE 540 dFgo R EHETy 4#A ok (J.H. Chung et
al., J. Invest. Dermatol., 117, 2001).

ofell, ¥ WgAEe AH F5 A, WA B I g AL 5 e S st o] =3
A, AAENAZR] ABE7IAEE dete] A5 & el §4 As) R ZalE FH s v MPse
715 v7tgH oz AA s TIMP-1, TIMP-27} xR EAsta, thdst MPs7t AsER EAsts AAEE
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2tz
& e 542 FEl A4S ofAlsts MPss AEER dpetal, MiPse] Bd B & ofAlste] Fehal
I dgtade] F4S A F e TIP-1 3 TIP-28 ek FFshe I7FE Mde £ I57ed
o] P ABEAE Mgl Az B 7] wdels x¥ehe SR 2dEE Avsed
Atk

HA 9] s E T

A7 BAE @gdstr] fleke, £ w2 (a) W ¥HAI Y (ventricular zone)oll A & A AAHE7AME
(neural stem cells, NSCs)E& EH3(immortalized)Al71= @A, 2 (b) A7) EHS AAESI/HAEE HF=
x| ol A W dksle] wjUdNS FEFFE WAES ¥3F6= TIMP-1 (tissue inhibitor of metalloproteinase 1) &
TIMP-2 (tissue inhibitor of metalloproteinase 2)& FIEA RSO TFdle IEFE MAs =& IFe
50 FFE AAZVIAE fgde] AxHS AT

oy e 3k, TIMP-1 2 TINP-2E5 X388l AMAZV|AES wjUddS fFadRes F3tes gyF5 A
Q
[e]

T vREEY S8 R 2A=S Aedr.

ool W Arwe] thdd MiPs 2 asEe] TIP-1 2 TIP-25 frEAdR e R dfats AFE7AEZ
9 Alsh= MPse] Td B &4& oJAlste] FEhala dEtade] S IRATIER,

=12 AFE7IAE g de AF AAE A AE=A (eytotoxicity)ol flaS WST-15 F3lAM 21s
7

T 25 AAZT|AE SRS VB =59 A7 AAE HgA] UVBR Q8] Z7Fe 4344 (ROS; reactive

oxygen species)7} ZrAstE RS FGulol|A2EZ#Ho|E WE7] (fluorescence microplate reader)E ©]-83}o]

543 Holtt

T 38 AAE/AE wjgANS UVB7F w9 <17k AAEo] A UVBE Q8] =718 &AAA (ROS; reactive
oxygen species)’} ZAsleE A& 88‘%%“]73 (fluorescent microscope) S ©]-&35Fo] A3k Ao},

T 4= AASVIHAE wgFRS UVB7} &8 A3 AAE A A UVBE Q18] Z2}Al (pro-collagen)d] &=
2180 MPse] 2do] A ES PCRES T3l FRlgh oltt.

T 55 AASVIHNE wgRS UVB7} &% A3 AAE AHg A UVBE Q18] Z2}Al (pro-collagen)d &=
75 MPse] @HE o] JAlE S A=HERES B3l &913 Ao}

5 62 AAE7IAE WlFdS UBZF Ed QA AAx HE Al UVBR A3 F2F4 (pro-collagen)?] #3E
2180 MPse] &7do] AAEE o] =1 (zymography)S F3l glgk Aoltt.

AE7IHNE MFAS UVBZ7F &8 AZF AA 2 XAl UBZ 3] 4" F24 (pro-collagen)©]
=
= 82 AAEV|AME sy MIPse] EAS JAsh= TIMP-1, TIMP-2E 3213k Ao|t},
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gue AN e FAHL B

g2 Ao HoHX e 3, B HAXNAA AMeE BEE 7|EH 9 3E4 golE2 B wio] &3ke &
Lok Al A ARt ofSiA SAAoR olFEE A TS uE ZEErh. ARk o E HAAddA
AHEE WS 2 UjeRobd A A ol SR AMEE = Bolt

oo e 97k o] =499 (ventricular zone)olld FE3 AHZ7|AE (neural stem cells, NCSs)Z
HFate] 53 ol Fall ARSVIAE wdAS AL A UVB)el =EE A% AfobAE (human dermal
fibroblast)e} wh$-2=0] HeElaith. I o}, L)X UB)C =EFH A AdFotAlE 9 vpg-2 TRz Z ol A
Aoy Z2hAe] Hafo #olsts= MMP-2 (matrix metalloproteinase 2), MMP-9 (matrix metalloproteinase 9)

2 MMP-1 (matrix metalloproteinase 1) W& % o] AAZ7|AE vl 93] JAHE AS EAsHA
om o] MMPse] Aol s FEpAle 3ol BT e HXHE AL s, ok&y, 4] FEHA
ﬂHA‘E?tﬂZx Z3) fRFEY NMA E£E gRads Z3A7)E fad8%o= TIMP-1 2 TIMP-27F 22

2 NRE7)AE Mol EEe] Qg Felstdlnh,

wpgha], B outge AddAdEo A, (a) o HAAY(ventricular zone)olA B3 A AFZIAE (neural
stem cells, NSCs)E EE3g} (immortalized)Al7]+= 74]? 2 (b) 7] BEs AAZSVIHEE vFEAd A
A HH‘*O}@ HgFdS 55t WdAES E3sE TIM (tissue inhibitor of metalloproteinase 1) 2 TIMP-
2 (tissue inhibitor of metalloproteinase 2) Ho=R Sf{ate dBEFE AT EE vReEEy =32
—‘g—o] BpALE] A AZ 7] A E vkl ] xﬂz}:ﬂ—tﬂoﬂ

) mlm
ot :10

N lg)l.
O_u

ool QlojA, AV WS Az Y3 AAZIIAEE 2 TR AS wx] gt v EAE
2 ool Al /é] Al ]Oﬂf‘ = Hjo} ¥ A9 (ventricular zon
[e)

gl SlolA, ARBE7IAE wigdolt e E7IMES] dF WFE7IHAEE Al st 53 Al
o

Houbgol gloja, A AAZIIAE wjFde TIMP-3 =& TIMP-4E F71E i3 AL 5oz 3 & 3]
o}.

Boatgo] glojA, A AAEIIAE wgNeS MMP-1 (matrix metalloproteinases—1), MMP-2 (matrix
metalloproteinases—2), MMP-3 (matrix metalloproteinases—3) 2 MMP-9 (matrix metalloproteinases—9)2] 4t

d EE @48 JAStE AS EHow & 4 Q.

2 oage] A AAgdAE AAZAE wgAY  TIMP-1, TIMP-2 Aol MMPs (matrix
metalloproteinases)gl uE 9 S8AS Adate] FEN, WA @ w3 g Z=Rd] nx|= Gk 3Hels)y)
3, AABZVNHE WAl DL FsaE Ao]EFR] ofFe] E IrEERS T3 FRlsir.

, 2 odbgo] A EQ Ao s AAFEAE wiFA TIMP-1, TIMP-2 AJ¥-o] A3 MMPse] A3}
A A F 9 g F3o] #Bodts AL Agtel Ao]maw (gelatin zymography) EdiA 2EkS

pliiyes

LR

o] FAAR AAdAE AAEFVAE g, Azt Sid TIP-1 == TIWP-2E 247 == 87
AestAY, dAE FIA 44 == u“/ﬂ 575 v, FEAUel= EBY IVE 92 kDag] MMP-9 2 72 kDa
o] MMP-2 3 (pro form)¥ #4433 (active form)oll A¥ste] MPse] &43S A= AL &AL

o oabdo)| A= AAZS7|AE wFay TIMP-1, TIMP-2 Ao FE A4 Ad 2 9% a8 Zx a3E st

Fol'

71 A, 4H SKH-1 k29 Tol 1:H-E 4F7MX= UVB (30mJ/cm)E 33]/15 A3k t}g PBS
(phosphate buffered saline) % AAZ7IAE #FHS Fol 242 200u (v/v)¥ EEIGTE. o] F 5575F
125774 = UVB (30mJ/em) & 13]/15 A2’ th, PBS 2 AQS71AE w3 2006t (v/v)H =X

2 e glolA, A7 ABEVIANE GRS FFFH Fep B detss JEATE S BEHOR
o ot
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¥ oujgFNe wRzAo FAJika (reactive oxygen species) S A

2 ol AMREE go], 'FEAA'S FAFe FE R v¥y #¥E €S A4 B AsATE As 9
ulgty, Fi e Fx FoA FFd EASkE AP F(collagen: FEHa) e} @M f(elastin: Aep~8l)7}
I ¥gks ke o WAz FY By Fasied, FEdle] AL IR U, o JgS wA =
o FAHeR IR WA gRloRE A w3tE lete] M EAo] AW, Fepal Aol AT dojut
3, 94 QRloFE ALl I} AP B AEds Fo= st AAdE &4 Ak oAl e
(thiol: -SH) gt a4 48 AdsiAv, Feh, dEgrd 58 BAA7IE &4 OMatrix
Metalloproteinases-1: MMP-1)Q1 Z&AolAle] &S F7HAIA dAF9 FEHS T7HA7I+ ¢ &8s 1A

A7l A5 o7 st}
= Al &Ez 712 mXE A §lo] A = k. 7]E )
3 g dom, AYgHeR Axw wAE ALY FE vt FHH R AZRE
9] o= £, DMEM (Dulbecco's Modified Eagle's Medium), MEM (Minimal Essential Medium), BME
(Basal Medium Eagle), RPMI 1640, F-10, F-12, a-MEM (a-Minimal essential Medium), G-MEM (Glasgow's
Minimal Essential Medium) % Isocove's Modified Dulbecco's Medium S©¢] oi}, ofd dAHE= HL oy
o, 74 vk sl DMEM wi A 4= k.

i

T3, A7) 71 wiAlE 5~ 10% (v/v) ] FBSE et slo] whgbzlsim, 2w o] A2l A4l A=
DMEM #f =] o]l ¥} ATt

B odbgo] gloja | A7) Hlf-%E=A iA1= DMEM (Dulbecco's Modified Eagle's Medium), 10% FBS (fetal bovine

serum) @ 1% penicillin/streptomycine] E3td AL EAO=Z 3 £ 9)

woage) zgRel AxE BAHoR AHE oWE PHonE Axd & g, AFF/AEE vels)
Bt welshe Age B owwel el A wm gl BdHen FYst Pygon A

g vheh gol, B ouve] W e Sl AAEIIAE wgAe TIP-1, TIP-22 FEHPOR F5e
2 MPs B 8 BAE MPsE lAlstel FEAM, WA 2 WY 9 08 2B A8Y 5 A

=

weba, 2 oabg e o2 Ado A, TIMP-1 (tissue inhibitor of metalloproteinase 1) % TIMP-2 (tissue
inhibitor of metalloproteinase 2)& ¥ 388l= AAE7IAES] wFAS FadiLoz dFstes IJFF5 MA
| Ee IRy 38 s 245 #3E Flot),

|

Aoz

sk

BEoakgo] glojA, A7) ANAZIAES ujol S TINP-3 &= TIP-42 F71= 3fats AL 5
9]

wak, A AAEV|IHEe wjdANe MMP-1  (matrix  metalloproteinases-1), MMP-2  (matrix
metalloproteinases—2), MMP-3 (matrix metalloproteinases-3), MMP-9 (matrix metalloproteinases-9), MMP-7
(Matrilysins), MMP-10 (Stromelysins) @ MMP-13 (Collagenase)E AEE&E 3HFats AS EFoz & 4 9

v}

B o A, A7) ABEVNAEE e Wa9gdYd (ventricular zone)olM FEH AABEV|ANEE B
A ¥ Axojtt. B e FAAQ HAl deAqE Hol ¥ Hddd (ventricular zone)dlA &8s A
ANAZE71ME (neural stem cells, NSCs)E o] &3l o]Z EH3E (immortal)A#A AEE LAt} o]= DMEM
(Dulbecco's Modified Eagle's Medium), 10% FBS (fetal bovine serum), % 1% penicillin streptomycin®] 3
Sl v F=A A st vEAd MEES AASGIT. 7] AR wigE AAE7IHE (neural
stem cells, NSCs)E Alfujget= Aol A wjgd e 5313 o] IR A4S AFE B F
5313l

B odgo] glolA, Ay AIAZIIAES wjgdS MMP-1 (matrix metalloproteinases—1), MMP-2 (matrix
metalloproteinases—2), MMP-3 (matrix metalloproteinases—3) 2 MMP-9 (matrix metalloproteinases-9)2] 4t

4w 4L oAshe A2 5H02 @ 4 Atk
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gt Aoz B wgo]l vt olE AAldd 9] A= Ao FAHA v AL FHANA g A4
S 71 Ao Al el A ArEE Aotk

AAd 1 AFE7NAE WiGd L ARSI NE FE25 AL

Ho} xo] g (ventricular zone)olA &Elet A AHZE71AE (neural stem cells, NSCs)& E43}

(immortalized)AlA AXE AT}

TAHoREE, 145 F Hol NAME 4S5 0.1% FEHAVoRAe} 0.1% 8 dFRUthobA] &S 37Tl A 14]
&t AEekar, 0.05% Trypsin-EDTAE 2-3% A ste] @Az gk $, (D45-/CD133+/CD34- wAE
o] &3le] FACSZ #2359tt. ©]5 N-2 supplements, 0.2mg/ml heparin, 20ng/ml bFGF (basic Fibroblast
Growth Factors), 20ng/ml EGF (Epidermal Growth Factor) % 10ng/ml LIF7} % 7}¥ human neurosphere 3%
iAo wi<Fsgltt. 10-14Y A3 $F, FAE neurospheresell FEtAIVolAlE A Elste] ddMERE FE3ta
Ezgulolg 27} (retroviral vector)E ©]€3t] v-myc FAAE FAXEQ (transduction)dtx A
(selection)dte] A2 A|3EE DMEM (Dulbecco's Modified Eagle's Medium), 10% FBS (fetal bovine serum) %
1% penicillin/streptomycin®] X3d B]FEA wix|ol] wjstsitt (Flax JD et al., Nature Biotechnology,
16, 1998; Lim H-C et al., Neuroscience Letters 435:175-180, 2008). 150mm ¥ “JA] (culture dishs)ell

A7) AE X100 NS BFsba, wjek wiA 15ml= A7} T 37°C, 5% C0, vjr)ol Al wjFate] 80% MEUR %

(cell confluence)o] Z=GA] vjgNS =351 ct. ojw, wjokufx]= DMEM (Dulbecco's Modified Eagle's
Medium), 10% FBS (fetal bovine serum), 1% penicillin streptomycin®] ¥ ¥ H|FE=A wiA G, v|F F
H R 2 N EEL AASAT. o83k A ow vty AAZ7143E (neural stem cells, NSCs)Z A thu) kst

= AgolA Wele S5, o ANTelste] BN ojdaldnh,

A 2: ARBE7IAE wjgde] ATAAL g AEFH &

Q1A A X 5x10° MEE 96-4ZYolE (96-well plate)o] H=slar, AMELHE (cell confluence)”?} 80-
90%°ll Al 173571Aﬂu wj ok & 24/\17} AgsAtt. WST-12 Y vlo]A=Z#o]E #57] (microplate
reader )= ©|-&3}o] 450mmell A SA3Fe], AAZ7|AE wjdNe]l AEEA (cytotoxicity) S &elslict.

A, AAETIAE G JABAAE S GFe] gleS AT (= 1.

AA Y 30 ABS7IAE gl 93 UVBZ A3 F7t=Ee AT 4444 qA <l

AITANAELE 5x10° MES AL 96-AZY o] E(96-well plate)o] HE3tar, AEDHE (cell confluence)”}
80-90%°] =] o] ¢ (serum free) DMEMOZ 24A)7F vjFalQict. o], A AZEZ7|AE vjoFHS 24X 7+
A e, AZAMES WB (3om)/cn) =ZAZ TS 10% FHo] HA7bel DMEM W= oA 24417+ wjekabgict.
UVBE 218 Z715E AlEW SAA4 (ROS; reactive oxygen species)E AR E7|AE wjgdo] A dt=x 3
ol1sl7] 98lA, 10uM dihydroethidium (DHE) &918 YW1 37ColA] 30% ¢t Agdta dFPrlo]az2ZyolE
#=7] (fluorescence microplate reader)Z o|-&3to] A3},

I A¥, AAZEZVIAE fFALe QA AE A UVBE A3 F7lEE MEW A0 Hho a3 IdSS
glsid (= 2).

w3l 24-AZHolE (24-well plate)o] AM<EH (cover slip)S o] &3l QIAAXNEE HE 03]
(cell confluence)”} 80-90%c] w=eA] &Ao] ¢l (serum free) DMEMO R 24A17F vjo¥algit). o]% AAZE7]
AE WSkl S 247 A e)akar, QIZFAME UVB (30m)/cn’) =ZAZ) TFS 10% FHo] H7bE DEMO.Z 244]
2+ wjekskoit. UVBE Q8] Z=71E s Al®:d 844k (ROS; reactive oxygen species)oll AlZAZE7]A|E v ool
°] = S 5—}'{]3}7] 94, 10uM dihydroethidium (DHE)&NME 231 FFAw 7 (fluorescent

I AN, AR=7IAE GRS JAIAAENA UVBE Qs S7FH = Alxu &d4kae] e a7 des
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gkt (& 3)
[0073] AA Y 4: NAE7IAE W EHe] 23 AZAANEANA MPse] & 2 A gA| &<
[0074] ANTAAEZE UVB =W ZEH2 (pro-collagen)®] F37F €. weha] &2 A= oldgt F&42
(pro—collagen)®] #3E FHZste= MPse] Id 2 245 gl
[0075] IZFANAEE 100mm wiF FHAlol HEFSar, AEZHE (cell confluence)?} 80-90%0 =EA] Aol §l&
(serum free) DMEMO.Z 24A17F w3l dtt. o] ANAE7IAHE wlFAS 24412 AHElstar, JAAAEE UB
(30mJ/cn’) =ZA7] ke 10% @o] A7FE DMEM wAel A 24417k wjekatlch. UVBel w%A] ZekAl (pro-
collagen)?] #3& FHIAI7]= MPse] Id 2 Ao ot JAAES7IHE ajgde] a35 PR (= 4), 9=
BEE (% 5) @ o)W (zymography) (& 6)& o|&3ste] =A3s}tt.
[0076] I A, ARSI AE ejgEAL UVBell <lel Fe}2 (pro-collagen)d EHE =XA7]= 95 31 MPsY
e 9 248 AAES ATt (= 4 UA 6).
[0078] AAe 5: NAE7|AE dlgAe] UVBZE Q1% Fa &3] oA g2l
[0079] AAAEZE UVB =FHH F2H4 (pro-collagen)?] ®3l7F =™, o]{d Z&hzl (pro-collagen)2] +3
Z7o= MMPs7} #odgS AAof 404 B1sISIT. wElA] . AAjdo A= AAE7AE wjFAS F3] MMPs
o] w2 FAS ojAlste] Fekal (pro-collagen)?] Aol ZXEE BHelsiqict.
[0080] Ao 49} FU3 wHoR AXE FH|star, MAZV|AE #idNS 2427F X ste] UVBel <& ZEbal 23
& S3A7I=Y #ofstE WPse] Hd 2 B34S JAESIT. o %, AAZVIME wjgde] o] MPse UE
9 gA Ao e Z2 I (pro-collagen)S UAEEES o] &35te] =A 3T},
[0081] I Az, AASVAE Hgde] UVBER dd EXFE ZFedl Ead #oldts Mpse v 2 g4 S
AAsHH, Zehal (pro-collagen)e] FAo] HHAHS At (= 7)
[0083] AN 6: MPs 4 Ao BASE ANAEI|HAE FAN §EAE (cytokines) TIMP-1/28¢1
[0084] QAZFAAEES 150mm vl HAAJo] H=sta, MEDHE (cell confluence)7} 80-90%0] EEA] Aol gl
(serum free) DMEMO. 2 wlFal3ith. 48A17F wtste] wgds 53t ©d o] 200uge] HEE AEE &
B3l t}2-, RayBioAFe] Human Cytokine Antibody ArrayS E3lA AAZ7|AE s HES Alo]E71
array® 413}l t}.
[0085] I Ay, AAZ7IAE aFAy TIMP-1, TIMP-27F £#13-& Human Cytokine Antibody ArrayE E3lAl <13}
dom, o A YAEAEFE (Western-blot) o2 BHelsldtt (& 8).
[0086] O oS, ADAAEZE 100mm v HAJ HEsta, MELAE (cell confluence)”} 80-90%¢] E=EA] &3 o)
A= (serum free) DMEMO.E 24X17F wiekslith, o] AAZ7|AE vl @ ) x3 chwld TIMP-1, TIMP-2&
7—}7—} T A 2447 ﬂal‘é}"’ ATHANAEE UVB (SOmJ/cm) EEAZ 10% HAo] H7FE DMEM Hi Aol A
4N ZF viekslitk. UVBR <8 35 &= MMP54 A& AAZTIAE wGdo]l A=A A3l
[0087] a2 A3, TINP-1, TIMP-27} S48 ANAZ/AE wjkal e JVBZ ola) =715 MIPse] A4S oA8S shelst
Ao (&= 9).
[0089] AAe] 70 SKH-1 vl-9-2dA AAES7|HE A 93 5 A 94 <1
[0090] 7-1: F= AA A4 85
[0091] o7l SKH-1 w}-9-2ol 125 &<t UVB (SOmJ/Cm2 /13)E w=EA7) 3 AAZIIAE wIFAS A3 ths, 125
w25 A (sacrifice) AFHT. AAZ7IAE wdds A F(group)dlA FEAY 94 2 FEMA
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[0095]

[0096]

[0098]

[0099]

[0100]

[0102]
[0103]
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[0105]
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[0108]

[0109]

[0111]

[0112]
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E9ZE silicone replica® ZEa|Aq B3},

O A, AFEVIAE MGFaS AR vhe-2olM FEAE A, A R FEAA adE YEds ]l

g (& 10 2 = 11).

~—

7-2: ROS (reactive oxvgen species) ftA &3}

AN 7-13F o] %A S FH|star, UVBRE <la] AA %= ROS (reactive oxygen species)oll AZAZE7|AE o)
= o7

3 mhg-2o A UVBE A& ZH == ROS (reactive oxygen species)”} 7+
(

AA e 7-13F o] x2S Fu|E
3m FAE Add x2S

Trichrome 94 % Verhoeff's elastin YA SallA Z+Hz} E24315 ).

==

a2 Ay, AABE7IAE WFAE HEg rkf-zol UBE & FAEeE Fepll 2 dgfado] 3EES gl
stk (= 13).

AAle] 8: SKH-1 whe-2o A ABE7|AE Wgdd g MP-2 S MP-9 72 &<

8-1: UVBE <l =715+ MMP-2 % MMP-99] ZHA

AA o 7-13} Zo] ZAS FH|Eta, uhes HRFAS 4 9 FELU S| uAEa, F2S g AF
Z, 3um FAR Adst 24S Sool=of gola el AA L A48} B (deparaffinize and rehydrate)<
AAstger. 7 tS, 39 3|4 (antigen retrieval; citrate buffer, pH 6.0) ¥ 0.1% E8E(Triton) X-
10

0S AHYstar, A A A (normal donkey serum)oZ &5 (blocking)dt ¥, 1z A& 1:1000.=2
24X A3k, o] % 2xF FAE o] &3t 1A F<F A skal, DAPI A4S 5wzt X&sinh. WeAd =
¥ (vectashield mounting medium) A& ©]&3}e] Sgtol=o] nAAZ £ Fx2% A7 (Confocal
Microscope) &2 &elalitt,

T A, ARENAE MFNS AEF vhg-2oA UBR 1) F7hEE MP-2 2 MP-90] #Aage BelEk
(= 14).

8-2: UVBE <l =715+ MMPsS FH 3= AAFIA NFkB

AAld 7-13 Zo] A& FH|skAL, v~ IR A A UVBRE <13 F2He I F2H7l (collagen) ]
o] #o]dli= MMPse od W g4 g3l A7) MPsE A3 HAARIAF (transcription factors) &
| & 17). T3, AAZ7|AE vjckdo] MPs 2 MPsE Zd3l= AL
&S AT (= 18).

ro o Mo

a ﬁaﬂr, NAZ7|NE wjIFRE Ags up9-2oA UVBE 23] =715 E MIP-1, MMP-2 2 MMP-9¢] 23 (
gd (£ 16)0] TAste S A5k, 3k, ol MPsE 243t HARRIARI NFkB GA] a4
= A& dlsgleon (% 17), old wet ay] Fglo] thAl FHEE 133 (& 18).

o

AN 9: AAZAAZ WAl I DNA &4 oA L A% Fa

Aol 7-13} o] A& FHlsha, AAld] 813 FAE PUOR 24 S FAstel, B a FuEs

4 (damage) 958 yH2XZ STk ER, AAZ/AE wgolo] DNA £l WAL 3FS HAA
(r

= S
$J3f 4] DNA =4 &4 (repair enzymes)=9¢ &}¢l Rads0S A ERS

fo 7 H mz
o
:Cg
>
do
<0,
e}
o,
2
o
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I A¥, AAZSIAE aSAS AP mpg-2olA] UVBZ A3 5= DNA =4 (damage)©] HFH Ao,
olu] DNA =41 &4 (repair enzymes)s 2 3F<el Rad50S HalA £4% DNAZE S48 g3t (= 19 ¥
= 20)

AAe 100 AFES7IAE Mg 2 ALES7|AX g Pat

NAZE7IME v (neural stem cell conditioned medium; NSC-CM)¥} A&7 AE w% (adipose-
derived stem cell conditioned medium; ASC-CM)2] AZE ¢I8f, 150mm ¥ Al (culture dishs)ol 7] Z+

Zhe] AE 5X10° HE BFata, wjoF wiA] 15mlE A7 & 37T, 5% C0, WiF oA wjFate] 804 MEUR =

(cell confluence)ell =EA] vjgels F5aint. oju], ANAE7|AE s gulz]= DMEM (Dulbecco's Modified
Eagle's Medium), 10% FBS (fetal bovine serum), 1% penicillin streptomycins AF&3}om, A|WE7]A|E
v kvl ] = DMEM/F12 (Dulbecco's Modified Eagle's Medium: Nurient Mixture F-12), 10% FBS (fetal bovine
serum), 1% penicillin streptomycin®] E3H H|FZ=A wiA & AFEsth. ol & v)HEAAE ANEXES AASH
Att. o3k AAHow wlYE ANAHZ7IAE (neural stem cells, NSCs) % AW=7|ME (adipose-derived
stem cells, ASO)E Altmgste BAAA wjdAS F53%0 3, olF A3t Feds AHesint. =
gk, Z}zke] wjgkeo]l MEEA (cytotoxicity)ol Sla< WST-15 F3lA gt (& 21a).

AN 11: in vitrodA ARBE7|FAE wjgd D ALEZ7|AE wjFde] 23 MPse] &d A vl

11-1: MMPse] 94| &hel

QIZFA A E7F UVB =
(pro—collagen)?] 3f

SFATE.

5 Zehal (pro-collagen)®] ®al7h 2WHTh Wl B ANdoNE olgia =l
£ S8 WPsel WAL sk, 7o /1AL Wikl ul EASE WP-1% 5

IZFA M EZE 100mm PR Ao HEFslar, AEUHE (cell confluence)?} 80-90%0 =EA] dHo] gl
(serum free) DMEMO 2 24A)7F wjokalitl. o] % ANAZ7|AE wjokal @ k7| A vjFalS 24X 7 g sh
I, QA EES UVB (30mJ/cm’) w=ZA17) TS 10% FHo] ArbE DMEM A olA 2447F HjoFESITH. UVBO
&4 ZeHl (pro-collagen)®] ¥alE& A7) MPse] Wadlol teh AAZ7AE wge 8 AE7)A%

HjoFel o] F3= PCR (X 21b) 2 dl2=WEE (X 22b)& o] &3t 54},

3 o gAol A UVBell Q& 2kl (pro-collagen)®] #3E FIA7I= &S 5= MIPs]
HAS o A JATS Felsknt.

11-2: 844 oAl #9a v

2 AA o= ZA (pro-collagen)?] B3HE ZFA7)E 9IS 3= MPs 2 o]59 A4S AdstE o
2 (TIMP-1 % TIMP-2)7F 2B S71 A2 wf e 83 A 2 v el EAlst=AE a3tk 742
okl ) whulA E S Brad-ford (= 23a)E 3|4 &<¢lsta, o]% RayBio ®Human cytokine antibody array

A MP-1, -2, -3, -7, -9, -10 ¥ -13¢] A (= 22a). TS, Zb7heo] wjFodlS A els)
o] MiPse] HHES A-HER (= 23b)E Z3 3

A

I AT, AAENAE wF el Zebde] FelE £ A7) MP-1 , MMP-2, MMP-3 2 MMP-99] kol
g4 o H9lon, T3 MPse ZAS oA A7) TIMP-1 2 TINP-29] o] AW=E7|AE wjFAnct =9k
r:} :LE]"T th2 MMP-7, MMP-10 % MMP—134 e 77t HOW‘ Ul ARk HH%P% ﬁ“ﬂ’é}"it} uhERA,

m*

z
i
N,
ri
!.:
N
fo
=
(_nzo
o ¥
o
off
o
i
(o
ut
il
iy
ic)
e
o,
PE
fol
.
i)
o
nj
mlo
po)
(o
il o
m
)4
T

AAlel 120 n vivodl M ABE7IAE wWjF] R AFE7)AE wjFae] a3 vl
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[0130]

[0131]

[0133]

[0134]

[0135]

[0137]

[0138]

[0139]

[0141]

[0142]

[0143]

[0145]
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k|

12-1: SKH-1 vp-9-2ol M A7 A vkl 8 A7 A E ujgkelo] o3k F5 A oA

| ot

o} SKH-1 whS-2o] 125 H9F UVB (13-4 30m)/cm’ /33], 55-125% 30m)/cn /13)E wZA7|31 A4 =

oS e g, 1250 ¢ 2S B A (sacrifice) AZATH. AAZ7|AE wjgol @ X7 4
2 gAE AP T(group)ll A FEAE A R FEANL EHE silicone replicags &34 A3,
I Ay, AFEZIAE agd 1o AFEV|AE aSdE AP nfezo A FEAAY JA, WA 2 F=E
A &7 o 3A MAEL st (= 25a 2 & 25b).

12-2: SKH-1 vp-e-2ol X AAFE7AE wjeke] 51 AE7| Al wjklo] ofgh el 3 Adrd 3] g

AN, AEVIAE g B ABEVIANE WS AT upg-2o A UVBR Qe HaEHE Fohal 9
det~"ol o] A IHES AT (& 26).

ol
ol
N

AAe] 13: in virod M ABE7IAE WjF] & AFE7)AZ wjFqo] o3 MPse] 2F oA HlaL

Ald 7-13F o] z2AE FHlstal, vk HRRALS 4 9 LU el = nAsta, AL vebd Az
, Sum FAR Adg 22& &Efol=of Eola ekl AA 2 A3} #g(deparaffinize and rehydrate)<
Alskgith. 1 thg-, &9l 3|4 (antigen retrieval; citrate buffer, pH 6.0) % 0.1% E&]E(Triton) X-
0& Hesta, A4 Fu7 A (normal donkey serum)2. 2 &5 (blocking) st ¥, 12 FAE 1:100°.2
24N 7 A3t o] F 24 FAE o] &3t 1AZE B HEskar, DAPI A4S 5@ At WA=
u*8®  (vectashield mounting medium)A|E o]&3te] Zglol=d uAGAZl & Fx4  dn7Z(Confocal
Microscope) &2 &elalit).

S S

I Ay, AFESVAE alSFY Boh AASIIHNE vjgdS ZEgh v UVBR J& F7MEE MP-2 2
MWP-9¢] o ZAA FaES AT (&= 2

AA Y 14: AAE7NAE A FY 2 ALE7IHE wjgFdel] o3 DNA &4 A € 3 3

2 =
&, AAFAAZ R R ARFIAE eFle] DNA &

ZIAE vfokS A Eg mpg-2ol A UVBE Q) f2EHE DNA &4
a2 (repair enzymes)a 9 3¢l Rad50S EdlA4 £49 DNAZE o

o M

Q
2 m
s &

(o]
- X
mlo_ll'ﬂ',ojm_,
U
N
30 X
o o H
EE
o °F
= 12
o
= 0
H >
2 on
N

4% R A JlEsle o FdAe) B A4S A Aol QoA ol
A e foln, oo o) sl Wk AWHE Aol ohd e
= ARE ATYED 2E Sohuel st Feldviu ¥
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=3V
6 - B MMP-1
5 | BMMP-2
@ MMP-9

Relative expression of mRNA
[ I I

S0 100 NSC-CM (%)
e + + e ¥ UVB (30mJ/cm?)

- + + + +  UVB (30mJ/em?)
: - 10 50 100 NSC-CM (%)

— — — — e | NIMP-1

kK K MMP-2

—— -‘ s— | NIMP-9

-— e e > e | O-tubulin

+ + + + UVB (30mJ/em?)
NSC-CM (%)

+— Pro-MNMP9
+— active NIMP9

+— Pro-MMP2
+— active MMP2

EH7
+ + + +  UVB (MmJem?)
- - 10 50 100 NSC-CM (%)
Pro-collagen
tubulin
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Control Uvb UVE M100% NSC-CM

Control rve UVE /100% NSC-CM
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- + +  UVB(30mJ/cm?)
- - 100 NSC-CM (%)

s — | WINP-1

NIMP-2

o MMP-9
1

a-tubulin

EH16
# + ¥ UVE
KkDa - - 100 NSC-CM (%)
ol e

+— Pro-NMP9
4— active MDMP9

+— Pro-MMP2
+— active MAIP2

+— Pro-MMP1
+— active MMP1

- + + TUVB
- B 100 NSC-CM (%)

o wmm— | pNF-kB

| —— [T
— - ——

| o-tubulin

s . + UVB (30mJ/cm®)
- - 100 NSC-CM (%)

ﬂ‘ “ ; " collagen
——————

a-tubulin
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- - TVE (30mJ ."cm*')
100 NSC-CM (%)

— e | WH2AX

. | RadS0

f-actin

Control Ve UVE/00%s NSCCA
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