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"ot o R 88 Jhsetthe A, Fol Al AEAE ASIA dowiA, Folse sigtae] AEsty 24
2 548 AsshA] o, o Ropeld BAHoR ARd 5 9l AS v Fh

Folge i A A 8 geHer fad Fd 5 k. 37 8ol st er fad ¢re o
Azl A8 e FeHd $/9F vER dEs Amsld SR FE ovis], FE 8 FES
A EF R eex, A9, A, 2eo 5, okl 24, oFmel Wi ik, Fof AR, Fof A= 8w
F HE, A& VIR, A AMEEE FES P 94 9 Ve 98 Ropdl B dEid 2 wet 249
Stk B, fEFE GPAA AAEe] kol Ao Ar, AL AR B e obAleh A AR 5
Q= 7Hs el el i 5 9lok

& B, A7) "Ale R 583 AREA gon Fa JlE okl sdHoR ARgEs dAEd
of= ZlolE AT = olrh. ool AFHA dont FAH o=, Adg, Hits, YN, 4T HdE, &
FEOFA &, SRS s drERes FaRes HHE, WE, AdYE, dyzE, THE, TEY
2EY, FHAE, dEE 58 5 5 AT o5 BHOR AGHAY 2F o4& ] AHed & glnh

B oz Ee 5 v Z7)A4¥E(induced pluripotent stem cells, ©]3F '"iPSC'#} &) =7 ¥iA](condition
medium, °oJ3} 'CM'e]g} FHEZFE dihFES FEet Az IF AfobAE(e)st |, 'HDFs'gl $helA T4 2
olF Wk ofye}l w3} THE AE whgol| g aRE AT Fest @ A =35 FEE] $8kd
HDFsE 742} UVB ZAF = AE AAstal A& Al 7 o 2 dyaEL iPSC-Exo? 2E 35
UVB A} 58 Al 4o o }04 ZAFSIATE, E, B o3y AEe iPSC-Exo &5 247 VB frE 2 A4
%=3}¥ HDFoll A ECM %ol &3 MMP-1, 3 2 collagen type 19 23l thale] AT

QX iPSCs frefe AFo] 54

|

7 iPSCsERE BHE f2F AAlelol J1AE AT Lol ExoQuick-1CT &g AHgdte] Helstn 27

Al EAgegt. & HHAES dAas £ 9 259 A7 ZERYS Frkshr] st xR EY
d(nanoparticle tracking analysis;NTA)S o] &3} th. NTA Z3}= iPSC-Exoe] F7] ¥ & H|E AFe
2 (vesicle) S E3spA W =9 3|7} ~ 100 nmo] 3L B A Eo] 85.8 nmE YERHAJATHE 1A). ©] 4
o2 vAAad(microvesicles) B oFFEE vl (apoptotic bodies) &9 A7+ AihEF BT} /E}EHX—LO_E
ol 2 oEge] AREE dIFEEY A Aol dihFole S YERAT. TEM(Transmission
electron microscopy) °lWA|EL iPSC-Exoo] 738 9 Fx2& Yell= NTA A3l fAREE Ade YelAt
= 1B). T3k 54 P4t (dynamic light scattering;DLS) Z3E2 H2]® iPSC-Exoo] Hit Algl el -
15.6 mVol2t= A& YERATH = 10).

o
_l

= U He ot

(K =P I\ A )

HDFs®] =213} o]%& iPSC-Exool] ¢]3}e] 7143

2 2252 iPSC-Exo2] HDFse] 21 2 o]gol st axts ZAsItt. PlEZ(mitogenic) &3E 304
8

315x10 particles/mLe] W99 o8] 839 iPSC-Exol Z MIT ojAlo] = EA13}% k. HDFse Z41-& iPSC-Exool
ot} &2 oEHOR 50 x10 particles/ml7 Z7Feta o B ERolE SAEATHE 2). e}
iPSC-ExoE & R Austoln 4 maks #REA @9t uF mEA &£37) 50 x10° particles/nL7}

A EohE o}, | B wAEe 2 olsk 91olA iPSC-ExoE 20 x 10° particles/mL® o] F Ao Al&3}

_6_
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Sk, iPSC-Exo2] HDFse] o]&sol whet a3ds FALsl7] $138hed, HAEL ~F8 % $E(scratch wound)
ofAlelE w3ttt ME ol gt Fs EHE o] oAl 1*1 *iﬂﬂﬂ Hxeo] F2H(closure)E H7}
slo] AAEATE. & 3A0] YEA A @o], iPSC-ExoE A El® HDFlA AW-D#H(gap-filling)d £EE x
TR @A FAL o] AL iPSC-Exo¢] HDFs®] o]&& FHgtheE AS vepdth. olF £ a3+ Edx
4 ol oAAoldAE YEtRTH. AEXES T4 WY ARHd AYEE o, 252 S FHste] digHew

il
)
=

0]%8}"33} o] ufhH o 2 o]% 3k HDFsE crystal violeto & GAsta AXW crystal violetE F4F &9
o2 5 % 560 molA FFEE S5t AT, vFox FE(B ght field) oJH|AE2 o]&d Al
Ee] F7t 1PSC—EX04 2o 43}04 A S7F s AS Yepdd(&= . AR 249 AdeEe AY
B X
R |

iPSC-Ex02] HDFs<2] o]&ol] 3t 4% axs veldv (= 30).

UVB-F-<= ¥ HDFs =4kl i3 iPSC-Exo®] &3}

iPSC-Exo°| UVB ZAloll &J3le] Fr® &40 2HE HFsE 72 & JdEAZ ZABH] 9sle] AZE 20 x
10" particles/mLe] iPSC-Exo= UVB %A} Hel A2akgitt. iPSC-Exo7} %63 Ak T3] UVB ZA}el 946}04
oP1E AL A5 A9E vfehidl A7ke] Bashs] wiel iPSC-Exosl WB EAb ¥ A AA® A4 &
B2 Jehlx %8 Aoz AZHATE. AESLS 40 nl/en’ UWBR ZAE ©], UVB ZA} 24A17F 3 zjol: H|=
iPSC-Exo-A & oA ¢zt =& AEES YA FAHS2 FoatA] FUrh(0.05 < P < 0.1). 18
AEZS 80 mJ/em UWVBE ZAFS A% HADE 2o AEEE 65.648.6605 7 743 v while the
C-Exo-H e T& 88.442.1%9] AEES YEMIATH(E 4). UVB RA} 48417+ 3 iPSC-Exo] UVB-HEE A
¥ 24 WE GIE AES 40 nl/en, D 80 ml/em WBE ZAE AESo|A et Jehc. o 2
HE52 iPSC-Exo¢] WW-FEd Fest=2 Ry 35 NEE B35 F drte A& AAMST

MMP-1, MMP-3 2 Collagen type I¢] mRNA #|*#olA & o] thdt iPSC-Exoe] &

Collagen type I-& ¥ 3= 2l

degrading ¥3f #Aelth. ¥ LYAEL Fwste] e FHaAES] oRNA LH B iPSC-Exo®] &EHE =
AFeFATE. HDFse] UVB ZAF 5, MMP-1, MMP-3, % collagen type I mRNAS] -8 PCR(quantitative real-
time PCR)Z AFE-3to] 7Febith. UVB ZAHS0 ml/cm)E MMP-1 2 MMP-39] mRNA @31 S 7H7} 7.6.40.7 2
7.3%£0.3 ® F7HAIZTE. WHA| collagen type 1] mRNA %?‘8% UVB ZAFZ 68.3+£0.5% 743k, e},
iPSC-Exo 2|7} 93 A3]e] Fa 4849 collagen type 19 AAMA] @S A F7HAZTE AL
B JERATHCE 50). WA, matrix-—e] EAQ MMP-1 % MP-39] WE £ wAHe® 2FY vlast
o] iPSC-Exo A2 ¥ HDFsolA 7FAadth(®= 5B 2 50). o] A3}E5S iPSC-Exoo] I4- AfobAlEolA UV A}
o ©ste] &4El mRNA WS 3] &t

iPSC-Exo& HDFsollA =3} #dd S4dx dg e A7)

E wyAEe iPSC-Exoo] AHdH o2 =
SA-B-Gal =3} AfrolA oA L s
(Alh == 5)9F Blaste] =3t HDFs (7l
SA-B-Gal-¥4d AlxEe] =5 dASHA 3

o X

6A+ SA-B-Gal /] I o] F-2 HDFs
Eokthe AS veRdt. e 1PSC—Ex091 A=
e Sk, AEE Al 2Fo2 &7 SA-B
-Gal9] H&d wrel gdAte, okslbAl AME F ASHA fdAE, 1 Fol 7 el /‘ﬂ.ull TE A UE o
X2 RE At 28O R SA-B-Gal-UA AEL HIEES vAYE =3 X H|uEte] iPSC-Exol
2 A" AxoA ZAASF (= 6B). T, & WYPREL iPSC-Exo9 =3}% HDFsolA] ECM %3} ﬁ?ﬂ%
AR wde] g mIE ARSI, Fweske]l -9k el MP-1, -39 nRNA T #Ee F7hekl
iPSC-Exo& matrix-£a &49 WS AASA 7A2AF k. WbA | collagen type I mRNAYE =3} HDFsoﬂfﬂ
kAL, o] AL iPSC-Exo®] A E Fate] ¢HdstA 3 HEATHE 7).

B o] AbgE gole] obatel full name ob7l e} P},
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#£ 1
iPSC Induced pluripotent stem cell
HDF Human dermal fibroblast
qPCR Quantitative real-time polymerase chain reaction
MMP Matrix metalloproteinase
PDGF Platelet—-derived growth factor
MAPKECM Mitogen—activated protein kinase
ECM Extracellular matrix
CM Conditioned medium
TGF-3 Transforming growth factor-[3
MSC Mesenchymal stem cell
hDSPC Human dermal stem/progenitor cell
UVB Ultraviolet B
1PSC-CM Induced pluripotent stem cell-derived conditioned medium
1PSC-Exo Induced pluripotent stem cell-derived exosomes
SA- B -Gal Senescence-associated- 3 -galactosidase
NTA Nanoparticle tracking analysis
TEM Transmission electron microscopy
DLS Dynamic light scattering
FBS Fetal bovine serum
PBS Phosphate buffered saline
MTT 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
IncRNA Long non-coding RNA
g 73

e
w

=

w IEs Fekel & 4 ol wbeh o] B el QIRb iPSC-Exow ¥=st B A wtel ojste] 4w
=
=

Gelol A, S% el ARE AF AAH 489 AFsAel Ak,

iPSC-Ex0¢] &A% vebd 28, (A) iPSC-Exo®] NTA ZA#}. iPSC-Exo¢ W+ 74L& 85.8 nm. (B)
iPSC-Exo FEle] TEM oA (=AY ¥} = 100 nm). (C) iPSC-Exool th3dk DLS ©lo]¥l. iPSC-Exo9] Hi AE}
A e -15.6 mV.

% 2v HDFs9] S4e digh HlE iPSC-Exod &3E YEhd 2%, 8% 2% HFsE iPSC-Exo= 48A]7F A ¥
T AE HFse] S MIT ojAMlo]l= A4 . iPSC-Exo-HIAE® 179 HA (population)S 100%= she] o}
59 wE(populations)S AUiagte® HIFelth. #P < 0.05, #+P < 0.012 iPSC-Exo-H|A&d &3

Hla ole] vz 4 WEAS Aol 38 W Fe] EE AXE vehy,

% 3% iPSC-Exo¢| HDFs9] o]&& FX&th= A& vell= 137, (A) iPSC-Exoo =2 A z]¥ HDFel ok ~= )

% ¥ HDFs7} a2 WAo= o wEA oFshs 2s e

th. (B) HDFse] o] thsh Edlad ofAele] tixAl 17, (0) EdW=d ool A=k 4. A4,

crystal violet?® %<& 560 nm 5 X iPSC-Exo-"] A g L& Bludh sxxP < 0.001. og] b= A
]

[¢]
= WHEASQ Aol 33 vHE A= R WAE UER.

R
Mo
it
2
>
2
=
Kl
2
=)
2
rir
=
19%)
P
=
X
9
_>AJ_I4

= 4E UB-S=8 A &4 old iPSC-Exo® BE §3H2 vbebdl 19, HDRsE 20 x10° particles/ml iPSC-
Fxoo 2 24A17F £33 wjx)ol A Hglsta SAlel UVB (315 nm)Z ZAMSS . I3 i A% vixolA 714
| AP b7 w9t o wfdetal A AlES] S MIT ojAlel= AR, UVB-2AF B

I} B AT P <

(

iPSC-Exo-1] 28] 1%
0.05, *xP < 0.01. ol2] v AZ EZFQ AFA 33 vt AZo] 3 AXES Yehy.

= 5% iPSC-Exo°] UVB-ZALE HDFsollA 54 I vlAe] MAE @Hd S 3&53thes S YeElW= 29, HDFs
= 20x10° particles/mL iPSC-Exol & 24A17F F-&H wx|o| A AglslaL, HDFsE = kt}. collagen
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type I (A); MMP-1 (B); % MMP-3 (C)2] mRNA o&d e AFH AAZF RT-P(RZE AHFSF . P < 0.05,
##P < 0,01, o8] vl S U A Aol 33 wHE MEo ¥FE AHAE e,

A-B-Gal9] a¥E YElH I3, vixa2 =3 HFse| Ad & 22 5¢9F 31. (A)SA-
38t v StollA TEE o] NS veERE. B) AEE Al BFFE TS a4,
ksl @ 743k e ZF a8 MEZSE JAER YE, #P < 0.05, =P < 0,012 iPSC-Exo-m]A ¥ =3}

53 Hagk, A BA2 Al e onA® et

% 72 iPSC-Exo°] =3} HDFsolA 54 3§ nAES Wald 2dS 3 &dv= S veld 29, collagen
type I (A); MMP-1 (B); % MMP-3 (C)9] mRNA & #¥& A=A A7 RT-PCRE A3}k t). «*+P < 0.01,
#xP < 0,001, ol vl A FEHQ Ao 33] dHE AMEo ¥®
UEe YA Fe FAHA g

AN 10 A ek

2 oA B dayxEe QI iPSCE tdtls Iy E7]ME A AE (National Center for Stem Cell
and Regenerative Medicine in Korea)ZXE M3 H ). o] MEFE Sendai VirusE: AFE3FS] Oct4, Sox2,
cyc 2 KIf4E QIZF 33 AfolxEe] Foiste] AzxHArt. AFFAAZF 80~90%] =g wj, 7 iPSCsE
0.5 mM EDTAZ A &5te] s2]sta, EdAI=® It vitronectin-Z¥E Wl U4 Aol Zwlol”3lsith. Al
X 5% Essential 8 ®iA](Thermo Fisher Scientific, Waltham, MA, USA)ollA wid3tar 404 5dntc}t AthsA
t}. E3F 217t HDFs(human dermal fibroblasts)% 10% $-efo} &3 2 penicillin/streptomycin®] X %% DMEM

olA MFSSTh WEAQ) wshE fEal] felol, HFsE MEEE Az FA7 B el AFE
AA 7} 70~80%0] = HH HDFsZ Al t]212 2 x10 cells/cn 2 Z#|o|€alal 70~80% AFEZAES tha] o
S w7bA] wjEEgitE. RE AEE 37ColA 5% (0,2 E3elE FE BY7oA v %ttt

X

CLCIPHCES 30

u}

ok wjA S 2143 Essential 8 WiXE ujd <17k iPSCs HiFol A mA|slth. AFgE wix|= 2w e wjok
TE7HA] wjd Bt} AxFL AZGA] A Ao ulEhA Eonuick—TCTM (System Biosciences, Palo Alto,
CA, USA)E Abg3le] =7 wix 2Ry Zlagict. gokshdA, 24 MAE ALE 2 fHoZ 4ToA 124
ZF For ks = 1,500 xgolA] 308zF AAEg s AsdS W@ & AS PBS(phosphate buffered
aline)oll A AF-F3tQAar e iPSC-ExoS AF&w7}A] -80ColA A 4stict.

AAld 3: iPSC-Exod &4 11H

iPSC-Ex09] =7] ¥¥ % ¥%E NanoSight NS300 (Malvern Panalytical, Malvern, U.K.)E A}83%F
NTA(nanoparticle tracking analysis)ell ¢Jsle] ®A15}gth. iPSC-ExoS 363t 8ME 1 ml FA|E ALEs)
o dolA =AFHZ FABFL AWML 30 sec 71E5S AU, iPSC-Exo® RE, Hy 7] @ FEE NIA
3.0 software® ZAA3Act. 7 g, 99X 2 2HE BE Ao E TA3A 7543, Morphology of
iPSC-Exo2] &ElE JEM-1010 A=} &w 7 (JEOL, Tokyo, Japan)S AM&3 £33 Azl &An AW (TEM) o= &ols}
Aok, WA, iPSC-ExoS formvar/carbon-ZH®H ZZ]|=oA 1083t &3 2% paraformaldehyde® 3174 3}a}
Att. 2% uranyl acetate® 1087F &4 A ZF {PSC-ExoS 60 kVollA ZbE¥ TEMO. & #H&Hetth. Zeta ¥
g4 Zetasizer Nano ZS (Malvern Panalytical, Malvern, U.K.)& AF&3te] A&},

A Ao 4: MTT o] A¢]

HDFsE 2X10' cells/en 2 96-9 W]} Zejol=o] Sefolgaha 24417k Bk g vlAlolA Wit @4
AYE dskel, wiAE 0.5% FBS7F HEFE DMEMO.Z wdksla 24X)7F F7} wigalitt. iPSC-Exod FEF
DMEM/F129 A 24A17F &<k &gk & MIT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
£ N(Sigma Aldrich, St. Louis, MO, USA)<S 7zt %ﬂoﬂ A7Fska AAZE FF wjFEltt. e s AAg F,
dimethyl sulfoxideZ #7}8}e] formazane &313F 3 560 nmollA] EFEZ nlo]a2EZYolE Uz A3

o}
2] 5: o] olAe]

iPSC-Exo2] HDFs9] o]&of th3t &}

fr
[>
H
£

2] E(scratch wound) @ Edl2d o]l oJAo|& FAHSAY.
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15 dad 93 §& A83te] 84 23 HDFse 70~80% 7+
th. 20X10° particles/mL iPSC-Exo©.® =83 DMEM/F122 24A]7F I
Z_l
&

>4
u
i)
N
F—i
i
g
;
ko
12
ol
fE
[
u
&L

o2 HDFs9] o]%S Fst dAn|A slolA RUEEIGY. Edad o
F A E 2t EWRAY EEﬂolE(Corning, Lowell, MA, USA)2]
w3t t). iPSC-ExoS E&H3= 8% DMEM/F122 wix| &S nghdt &
MES 244 Qb F7F wjFste] ERaY wof pigiEoR ol S F% ‘}Oﬂﬂr HE oz who] g dol 9l
= /H]i% AA & wke] slRol MIEES 4% paraformaldehyde® TAT 3 0.5% crystal violet (Sigma
Aldrich, St. Lou1s MO, USA)e2 fAAste] olFd AYXES Qs Y. A A=E I crystal violetE
50% ZAFC 2 =9l & 560mmol A EFE=E SAAT.

r\l
_\|I_, -
r°1' Okﬂ

Ao 6: UVB FA}

IDFsE ofAlolell whel 96- Hi= 24-4 F@lo|Ee] FEeloldstal 2443t gt sttt o1 v AlEZE 20
x10° particles/mL iPSC-Exoo. & F-&Z DMEM/F120A4 24X17+ B¢k HEslodct. 33] A&Es = 50 ul 2 200
ul®] PBSE 96- % 24-4 ZEolEo] ZZ}t #HUIeRY. AIXEE Bio-Sun illuminator (Vilber Lourmat,
Eberhardzell, Germany)oll ¢]&te] AAIE UVB (315 nm) & FAMEI Y. 3 Z %S UV illuminator 2 ZF & =
golE Atolo] gl mtebA FHAslth. WV 2AFSE 5, PBSE DMEM/F120.2 w&eh & 11 AlxE 54 ofAe]
el 24 h Ti= 48 h &<t F7} wldskalt.

AAle] 7: SA-B-Gal 14

w3 HDFsE 96-9 Z#o]Ed Z#oleslar 24A17F 5o wjekstgt). 2447 E9F 20 x10° particles/mL
iPSC-Exo A8 %, ZAEE FdA DMEM/F1201A4 48417 ©] wj<ketgdct. = t& 2 A|EZE The cells were
then fixed with 4% paraformaldehyde® 1A 3d}al SA-B-GalES =3} A¥E FZ 38t A 7]E(Sigma Aldrich,
St. Louis, MO, USA)E AMg3te] GASIGITh 7} A A o|nX &S Rolx] SA-B-Gal GME AXLE A3t
ek,

A Al 8: RNA 2] 3 AAIZF RT-PCR

A RNAZ HDFsZE] GeneAll Ribospin total RNA A 7]E(GeneAll Biotechnology Co. Ltd., Seoul,
South Korea)Z AMgatel Azdxte] AAlol wleby FZs1ich. AA® AA RNAZ TOPscript’ RT DryMIX
(Enzynomics Co. Ltd., Daejeon, South Korea)E A}l&3le] dT 18 plus EElo|H=Z cDNAR S AAFSTH. 2
T, PCR 2¥1S cDNA AZERE 54 Zajo]n] @ T0Preal  qPCR 2X PreMIX (SYBR Green with high ROX,

Enzynomics Co. Ltd. Daejeon, South Korea)E A}83}¢] Eco Real-Time PCR System (Illumina, San Diego,
CA, USA) oA 3Fo= F335iiet. & do] Algd Zejolm= & 20] QoF3itt. X AbolE =102 3
719k 2tk 95°C ol A 13, 40 Ake]Ee] WA 95CellA 15 sec B o dg-o]2=®lH 60Coll4 30 sec. 54 RNAs
o] Wty FFL Y xTe R deow FF3E.

=z 2
Gene Primer Sequence (5'-3")
B-actin Sense GIG GGG CGC CCC AGG CAC CAC
Antisense CTC CTT AAT GTC ACG CAC GAT TT
MMP-1 Sense CAT CGT GTT GCA GCT CAT GA
Antisense ATG GGC TGG ACA GGA TTT TG
MMP-3 Sense TGC TGC TCA TGA AAT TGG CC
Antisense TCA TCT TGA GAC AGG CGG AA
Collagen type I Sense CTC GAG GTG GAC ACC ACC CT
Antisense CAG CTG GAT GGC CAC ATC GG

¥ 2+ real-time RT-PCRE 93+ ZZloln g ~E

\<

oue] ANES W+ HFHEARE EAISEIL Student's -test® FAX R EAEIGAT. FAA FAEE p
< 0.05901 M EABFA.
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k1

¢
NS

Total cellular activity (% of control)

Zeta potential (mV)
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200 +

180

160 -+

140 A

120

100 -

80 +

60 1

40 A

20 A

18 -

®%k

0

3

8

20

50

125

315

iPSC-Exo concentration (11(10a particles/mL)
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(*p<0.05, **p<0.01, ***p<0.001)
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0.D. (560nm)

0.2 +
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Control iPSC-Exo

k1
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N

B *k U\B
120 B e’ 1204 I e’

= s miien? = @mdient?
F B 40 e’

B g

=
=
t=3

Viability (% of UV B-untreated group)
3

Viability (% of UVB-untreated group)
= g
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=

[X]
(=3
[X]
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o

o

- - - T

Control IPSCEX0 Control IPSCEX0
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(<005, *p<0.01, **p<0.001)
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