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B & ofgiE L BERE

BT i AR D s AVE AT E LAV DBRETICEIG L 7223 60 BN 2> & DK AR
MEOREZE, AR>S DEYORAE < & CEBROEFEE % M3 2 EE R
WCH D, FKEMAMITIMIA S NlIch2 - T, RE, B, K THEO 3 2icKilxn
%,

FKEE0.1~02 mm (ZEDEX 25 Y, 9EHILL LA REAMAE (Keratinocyte : 7 7 F /
AR EEENAMEIC X > THD LN T WS, X 5T, MIEDBEN LM b KK IZ
Ky o Mg, FE, AEE. REED 4008 ichtonTtns, AFELY HEcd
% MR RS AT 3 2 BRECHIRE 2> H YR L FREHIAE A3 24 U 72 iRAAE 23 A ft (431k)
DWRICEWCIBEEZZ 2, RIEERESC N ) THRE R & ORI 03 R DR E I 7 BERE % FE
T5, KKIFZOX I MxTETNEDSE LI X Ve LcolEmtEERRo T3
D, KEZIEH T % 2 ofttofifidic iz i FZMIE (Melanocyte: X 7 7 %4 b)) 7 v 7y
A 7 EDFEET 5, BRMIIIT BRI I AFE L T 0 MU/ NGRETH 2 X T Y —
L (MS) NTRAT7=vEEKT 2, A T7=viE&AT MS IZOEMIEOEMRZZE O Jein X
DI S NBE ST 27 75 7 4 MR IFE I, K ESICES L 28I (Melanin cap) %
B35 2T 75 /%4 FDDNA REIMRORED LHRH#E L T3 2,

BRI REO TEICHEL . EARBEKMAES~ b Y v 7 RITERRHEEFMAL (Fibroblast :
T77ATRTITAL) KEWTHRINE 27 =7 Vi (BIFEMHE) . MR, 7 a7
F 70 F I XY BE O SRR R A AR S T B,

HERE oS

B ERPIFHEERICIVREBTONTEY ZDJFE I IIRED 15~40 15 TH 5, EJITf#
HIZERIC 3 DIc B E . BRERICEVIAA TW B EEERY #FLEE (papillary layer).
FIEEE T O % FLUE T8 (subpapillary layer) . B O KE D % 5o, SRHME D 235 7o 5l
57 % MR E (reticular layer) & FESS, ELZ O 70% 232 7 — 7 VikEIc X DK hhTE D,
Z DI I HMERRME, SR 2 2B E LT u T4 2 ) h v BFEET %, MR I
1. ARMETEMIAE, MRS, ~2 v 7 7 — VB X OIMERBMESFES 2, 27 =7 V%
HEIXARHME D EFT T I~ DIRPT28H <, HIREDRTH O BRFETH 5 Z & 56 KF D T4
SR AR OSCRRE L LTl CWw b, 2 7 —7 v FId AR MEEE G o MR S i CRIER
BAREN3AD o B LR AMER L o ZEO B AME RO 7T ua s —7 v & LTHl
fJasb~mpihdng, 7ua7—7 o NKhh, BLOCKRIGITHEST 27 F MR T o
AT =T YRTFR-FICL VYW I RIC, 27T VvaTRIC) Utk X -
(lysyl oxidase, LOX) IC X 2ZUERINE Lickh ad—r ViERTERENE D, 27
— 7 VUNTICF o HOEND S 20 EEOY 724 THFEEL, BER AT 2 Ko a
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7= Ui a7 -7 v Th B,
ﬁﬁﬁ%ﬁ&%mﬁﬁﬁ%ﬁﬁﬁéﬁﬁfﬁé SPEICE B B ASLC I BRSO
CHFHET 5, BRICEH T 2 MPERHE L, FLIAE C I RHMED < . BT L CERE I
%ﬁbfméﬁ\mn CITHE VR L 72 O MR CIIRB IR L COPATICEIT S %, ik
MHEZEHB DO X v X2 ED LR E5KTHID, ZoEREI~L 70740700
(microfibril) ® _EIC b @R Z AF v (tropoelastin) 23L& L CWEHEETH L, v4 71
7479»&74799y4(%mm4)3i@74799ya(mmma)mi@%ﬁé
FPAEIC X o TRE L 78R T H 5, BERRHE O TEEGERE ZLAT © X 5 1cBifE
ﬁ%éhfwéoFU%I?X%V@‘UV»%#V&~%QDE‘7479mem
48%@%%%%?50C@%éﬁﬁ‘é6m74fuy(%m)6&%éﬁécami
DaTixr—vavli~vAru74 7 )V ECET S, ~4 27874 7YV EICHE
3" % latent TGFB binding protein4 (LTBP-4) &, P BRI 7 X F VSEHKD fibrin-5 & BEH
L. LOX Ik 3QERIGICE Y ~A47m 747 ) v EicbeRT 7 RF VEEIND 9,
FLIEIE O REICH L CHREICEIT T 2 MM I A F o 2 7 VL Xidh, ~4 27w 7
4 79N RiChThR e KT T 2T VHBERE L MR T 2, — 77, MR DK I
TICET T 2 WM X = 7 A F VIRHEL IR IEN, ~4 7874 7Y v bEiChrFRTTI R
v /7§>l% L7 RWHMECTS 5,

g & #4t

ZAL L 72 RS ORI e MBI L & LT, RO A LIk 2o ke v 7
L xIOHBIC X 2RO BET b s, I, Z{Li3mEsictl- Tlig 2 2 &1L
L. BB LIRS, FE TR, ZoEBIEicmza KEGCICEZEINns
& TR 2 EHIAET 5, KIGEICHERE S LT 2 HRFEOEMNIZ. ) 80%25K
CE2HELXZTITCVWBLEDNTVNS

REBORERTF -X 7 =V-

EPOREOIR, AT =y ~ESRE Y AuTF R EOKGICE T 2 IFER & HRIC
LOVREINDG, ZOHTH, AT7=VIEFEEFOORECRDBLHFES LTV

AT =GRS 5 aRMIET. Rk OEEEMIE T b, BHREEL RO L %
R e LT3, Rl B A Ic B PRI IC b e 5 2 . Bsdiliid o 8L, FREHiie
D 9~10 fiic | HOFIETEAEL ., FMAFEICH X 2273 2 & 1500 fH/mm? & & S <
w3, BRMEOBIIARIC X 2E 37 RBFETORFOOENIAKIND AT =
YDRATRRAZ /Y — L (Melanosome: MS) DK E X L i X —VICK DV REI N
EEZLNT WS L b BEFETEIAT=vD24 T3READO2Y 25 = (Eumelanin)
ERBD T =4 AT = (Pheomelanin) 23H Y, D 2 DA 7 = v OfFfER & LFKIC
LY EEECHREDOBERRITLIND O,



AT=VORRERAT )V — %

AZ=voEBiEFar v EEEE L, Y F—+ (Tyrosinase: TYR) Dl i

Lo THIBEI NS, TYRICXK Y F oy VvOFREERD 3 (LK EAI N F—o%

(Dopa) (X, TYRICX D XS It —-%% 7 v (Dopaquinone) & 7%, F—- 3%
J VI HE)E{L %5 J Dopachrome & 7% ¥ . Tyrosinase related tautomerase-2/ Dopachrome
tautomerase (TRP-2/DCT) DEISICI Y Y P f v V= ARV (56-
dihydoroxy indole-2-carboxylic acid: DHICA) 72 %, DHICA I Tyrosinase related protein-1

(TRP-1) D)7 1c X b Indole-5,6-quinone-2-carboxylic acid quinone 1 EE{L & 41 H Bk
fLEGICLVFY>—{tIERE L, 2T ATV REREINE, 724 A7 =VIiF TYR
DFEEIGIC KD AR L 72 F—3F 7 VDIEBERINIC O AT A VY H D 0IE TR FF v
EREALYATAZA RN =) ZDOVRATAZAF=NPEATLILICEY 7=
FRAT=ZVITIr D,

A = v oI EEMBNOMIVNGE CH 2, MS NTHRKI NS, MS XY VY
—LEFRRICT Y FY —LaZERE LTUBERINE LEZOLNTWVS, MSIEX T =V E
KDAT Y T AT —VIMVICHEHI NS, MS ORE X v X2 TH 5 Silver locus
protein/ premelanosome protein 17 (Pmell7) (XA 7 — 1D MS Ik & L MS DIEE D
I Nz (A7 —Y 1D, %D, TYR, TRP-1. TRP-2/DCT % MS ~#iiik T A 7 = v
BRENAT —VINMVE %, COERE MS ORFALIF, AL 72 MS (3 taFlii
N DL JE A > S BHR 2 O el & Tk X 415, MS 13 5 S BHR 2R IC A 2 - T
MUNE E%& % 4> v (Kinesin) EIFIEN S B — & — X v o3 7 [T > Tk S v, BHRZE
et 2> B IEAICR 2 B IE X4 = (Dynein) ICHE > CTHiliik X 5, UNE E a2k X
NEMSBT 2F v 747 AV MCRIFEIND &, MS LICHTET % Ras-related protein
Rab-27A (Rab27A) 2T 7 =27 X — X /%27 TdH % Slac2-a/ Melanophilin Z 4L T I+
v Va EEEEREZTEET 5 7. MBI T, Rab27A 2% Slac2a & ANVEDH Y Slp2-a/
Exophilind =7 = 7 X —X v X7 LEG L, Slap2-a IS L AT 22 H T 572
. MS T IC O e TR o O UBHRIGE D el IC AL 5 2 9, Rl ok o
K £ THE X7z MS IZESEZIEK L. /hME & L CEHEMIDoBHRIGE O b2 & i
HMEnhz, 2OMSEAERNIZT Z7F 7 34 MPPERTLILICKYV. A T7=vnT 7
FIHAPNEZIFEIND,

— I 7 F 7 4 b D MS BERDI T HEME I Protease-activated receptor-2 (PAR-2)
DIEPEIC X D FH X T 3 %10, PAR-2 13 7 IR EGRTY G % v~ VB R i 2 - X5
RThHh, ) v7urT7—ic k)Ml & SMINC AR U 72880 23U < . )i
R BZHEICHAET 2 2 & TEME LT 2 ADENREZAARTH 2 101D, X HITiENAL
L7 PAR-2 BHMIRIEEZICT 2 F v 7 4 7 A v F OEA, BHEEIC X 2 RREMEZTER T
5ZLICKOVMSET 7T /734 PN~NERT 5,

¥/, TI2F 7 A ol ARSEEERTF L L TCHILN S keratinocyte growth
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factor/Fibroblast growth factor 7 (KGF) % Rho-Rac K- A N L CT 7 F vEA LR
L. A7/ YV —LERBIEEGTILEZLNTWE D, ST, ¥ 7F /¥4 P EAT
% o-MSH lZtaFMiidcIA > v Va Rz F V¥4 b= ABHBLETFORFEZMIL MS
DM ZME T2 L e bIT, 7 7F /%4 POEARBEERITEXEE W, 7 F7F ) %4 +
ICERI N MS 13X 7 = vk cof S MilRBENICIEE S N L Ex b TWw 5,

ENEERE

ENTEEFERBET KGN~ DB TER R RFE I X 0 JERMICHE LT 2 aFEETH 5,
FH O, AEMIEOMIERIE, 2 7 = v ELOEMBLUTMS D7 7F 7 %4 F~D
Bikotie. 7 75 7 4 F OMLEEDIR T IC X 2 X 7 = v o REAME R N Ic kK3 2 15
16),

ATZVOHREL MS DT 7F 7 F4 F~Dfikid UV IBFTEIC X TS 5 Z & KR
INTW D, EIMRICIRTE S 1z B i, BFEMIEHEE T (Melanocyte stimulate factors:
MSFs) 34—+ 27 74 VINC, HD50IE5T7 27 74 VIR 2 2 & CRRUERL %
FEHT D, InFEToOMETIE. KEBBEROBEOOFR G TaFRMIEE S Z 5
P A b X OICEEMEIFME O BERIC X VEIZRc I e nHETNAT NS 8
19, BRI ETER Z T/ I X, BEMEEEF L E ~ (0-melanocyte stimulating hormone:
o-MSH) /A 7 7 anF v 1 %A (melanocortin 1 receptor: MCIR) . HRfHAEHIEIE T (stem
cell factor: SCF) /c-kit, =+ F- U v 1 (endothelin-1) /=¥ F-+t VU v-BZ% (endothelin B
receptor) . Hepatocyte growth factor (HGF) /c-met, Granulocyte macrophage colony-stimulating
factor : GM-CSF) . Prostaglandin E» (PGE.) /EP Z&{KR7: E203% b 20, Zi 6 D MSFs 13564
PRIRERIC X 0 &K, Mt X h s 2122,

CDXIIC, UVICEBBEREA D= RALCEHLTEEL DI LBHLPICEINT D
2. BREICHEL T 28EBHMERDO A =X LI OWTIESERLHL2ICIT I
Ty, LA LAaRS, RERNEGRETH 5 E NEORIEA CIIRER 0BG L&
DIFHE % FB T 2 RO FFERHRE S Tnw 5 D), ZoHEELL, REHEERIED
TEBOC X T ARHEEF I 2338 < B G- L T 2 ARetE A T v 5,

DV

VIR EREICHN 2 AN AEIRELTh b, INcREEo v T L EEEo v
JEICRMEING, REMEDT T L LTERING/NEDITEFOHLEIC XY —i@tkic
RI2bDTHB0, BREOFER Y VIZELAHEFOMEL NIRRT LEZHNT
W3, BEYFLIEE O BAAR G e LTk, 2 7 =7 VDI & A o & T v R
DHED B 2 24252620 % 7= AU G CIIHIRE CIRER AT D T 7 2 F v R Y
ETHEHBERINTEY, HAMMIERMEAE (solar elastosis) & L THISGN T3 28,
HEMMEFMEOa 7 -7 vaARKEORA L 30, 2575 F—¥TH S Matrix
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metalloproteinase-1 (MMP-1) D&, FWEINIC X % a2 7 —7 v o fdeiE»r 2 7 —7
RO T v T v 2RI L, BERFLEEICE T 2 27 —7 ViR O IR & 75
5T Ur 2 24.25.26)

—J5 . AT TlE. IL-8 DA TUHE IS S iFhER O AT~ DR 2 FHE L, B L
T PERT 7 A X =Rl X 34X 27 VgD A * 2 2 7 VIRHEDIH K DRI &
LCHHTI T 5,

F—r77rI—t#Elt

A=+ 77— MEERNICEZEE L2 v X7 BEREEBEICK VBEEKT LAV
HAZ%YY Y —LERG, 2T 2MIENESHY AT LOWHTH 5, —RINIC, A—
7 7 ¥ — AN OREAME L 72 & 2ICE LI, AEICh o X VN2 HB XU
AHF IR ERMIBEE B DR Y A 20T 5 2 & CREMBIF O D HE %
MR 2 EE K H 2 H -T2,

F—=rT7 7= HFAINBUTDO L) ATy 7CHETT 5, 9, MR N I FREERE L
MEEN DR DREDORE DRV NI E, HDEVEFAAT AT RABABRELHEL
CHEBEMBEROA - 7 7 IV LRI N T A= T TV =LY VY —
LG T 2L TAH-LMY Y Y —LBEEEIN, VY Y —LRNITHEET 5 2 v 7K
DR IC L o TA—F ) VY —LONEYBHESEINE, COF— P77V =54
I NFER DA — + 7 7Y —BELE{E FHE (Autophagy-related genes : ATG) 1 X Y B&% 1<l
HxhTwa,

COA— P77V =X O PRI NDZNRYIT, BEA P L RAPL UV B A LICk - T
EEINLZ2V 79I ravy Y ThEDETN, MIENRHPERE DR IC D B Ak
HEeRB-LTw3 I ERREINTW S,

INETOMME, S, EHEICET 24— 7 73V — LBBEEEDIK T 2 v 82
R REEDOR T AME I N TS 3D, o, fEGEETL L THIb T2 Sirtuin-
1 84— b7 73V —LBRICEbLS 2 v 7L EEHAER*T 223N TE
D, A=+ 77V =B EECERICH 2 Z LRI NT NS 32,

TEEEER L 1L

ELDIHER T & LT, ROS %D 7 ) =7 PANMEAPRBIN T 5, — iy ICHIigm
DL F v 7 A1 Kelch-like ECH-associated protein (Keap-1) -Nuclear factor erythroid 2-related
factor2 (Nrf2) 1€ & o CTHIEI T LT %, EHFIRREIC I\ T Nif2 1% Keap-1 & HAEEZ K
UHIAE ICHAE L T 228, BRIE R b L RS T IC 3T Keap-1 23fF#E L Nrf2 23 A% N
ICFE1T9 % 39, Nrf2 I3 antioxidant response element (ARE) (C#5& L. VIEE{LE#EL T C
% % NAD(P)H Quinone Dehydrogenase 1 (NQO1), Heme Oxygenase 1 (HO-1). y-glutamyl
cysteine synthetase (y-GCS) DOFIETTHET 5 & & TELA b L R ITHF 2 ERBARENC @
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T % 3439

W EHY

B G EACIZMERIC X 2 AEEEL BN R KIGERTE I X 2T KRAlE s, K
JE A DRINBICIEST S Z &b, HEOEIBRBEENOME L] Z T 5 ET
HBHEEZOND, T T, B EORHMN AN ELD—2oTH B, HVv T
PG RIBARRE DR T IC X 2 2B IC BN T 2 REMEDO T TH Y, v VIZHEKOREEZ
fLIciBRFT 2 L E 2 HNTWV 5, ZOMELIE, BEEMIENA~ M) v 7R CThHEaT7—7
¥ HRHE PR RRAE O LI C oA, THETH B,

T, HELMEEDOD 5 D2 0RENEfL e L TEAEORIICREI NS BRHO
K23 H B, ENEERMEITZ UV ~OBEREREICKFT 2 2 epfmEInTns, —J7, UV
KRB I NZKE T, 775 7 34 b tRiie &8k 4 7t SRR REEIR 720 i &
N, TNORFBANFT 7 T4V ROA—= 7 74 VINICERT 2 2 L CORNELFET
2, UVICXBOBRABEAN=ALICONTIEINETEH L DMTRICI VAL ICINTE
7o LA LA S, REMICHELT 2 RO X 1 = X LD W TEREARRH R B2 %
BB, ME, ZAOER O ORI C IRILKEOBERLEL DI % I T 5 S
HRLDFEEDHRE TN T2, TOREHI L, AFRIIVRIC I, MO 5 O rTRed:
DBERLRB I T W5,

—J5 R, MR E A — b 7 7 V- R 2 OBRSER I N TE Y . BERT K
BI2A =77V —BBBICRIETHERHL2ICT 5 2 L IIREED 7 v v R % Mg
TE-DICEETH 5,

Z TCOARMTEIE. UVA % IEIRE Lt b o KRB 2 R L 72 &b 7 Ve
Rz R L, BB 2 T 2 o 7 (B DT fEfi % 24 < S RGIE o
HAEMZHO T L, ZNICH T 28EEREZIRET 2L, 61, UVB RN LAES 75
JHATP~D MS OBRICBIT D7 7F %4 Ok ot—+ 27 74 vylEA.
TI7F 734 L aRMEOMAEERICHER L 72FE M OEHFEEIC X 2 XERKORE % H
& LCiTo 7,

1 ETid UVA Z il iR L 7 BERGEF B O IR HZ(L 2 o 2 ic L, 3 CleHiih &
NTW B NENERICHE T 2 MM O KRBV 2 6B 3 2 . eEfle 7 vt 2ritie
DIE % Hi e LCEREL 72,

552 BTl UVA ERIESIC X 2t be T VSR leo B~ b ) v 7 22+ 3
HIERKBEDE TICH T 2 WEEROIREL LT, FIAFFLBOT vF 4P v 7 EH
D A[HEME % S L 72,



55 3 BTl UVA EflRER L 2 B Ffi s e mfiie s L o tesmifiie z S b A REET
N DEFEBE BT BT S EH 2 RS L 72,

FBA4ZETEIUVBBIOHO BT 7F /A FDRAT )7 —LERICKIEITIER KA
RF LT FROWENR, SOLCKRAIFF YT FROEEBRREEHRTICONT
T % 1T o 7=,

FBSETET 7F 7 A PN LEERMPKE LT, UVBRNE2{To%7 75/ 94
F OHEEE LI 2 H BRI & 5 LRI, BRIGE O MER, 251 7 F A b
DAF )Y —LERIHT S o- b 37 20— EHEET X 7L OB ZTER L 72,



B1E FBEFEL REFHRORRB OZAL

1-1. %8

HELE FENREZ R LD L T2 REERICGEEICBEEINL 2L T ERI I NI K
EETH O, MBI, © 7. 72D HRREDNEN, IWENKEELE RS 5,

HEAKE TR, 27 =7 VR FOEBMET., B XU 7 —7 Vo s fiic ik
T237 =7 VORI HEIN TS 637, a7 -7 VoK, BIMROE
FaIc X BB X B TEMEESE (ROS; Reactive oxygen species) 235 MMP-1 O & i % {ig it
L. a7 =7 viftonisfitExns b, a7 =7 VvAERD 7 4 —FNy 7 XX T
» % CCNI/CYR61 DHENIC L2235 =7 v FOEEDETICL > THIHI LT WS 39,
$72. MMP-1 KX W 3fRINTza T =7 v 7 5 7 X v Mchl E 7= SR I EH 2 (X
BWEATH) LB TERNI LD, ZORBOSENEL L 25, BF., 27 -7 v 7577
AV F RS Al D AR I, 27— v RBRTH 5 End180 IC Xk W 2 7 —
TV T T 7R BRI~ D A NERE - RS, Fiz e a T =7 VRO
FRICfHEINSE, Lo LZadb, EKETIE Endol80 DK FAHE TN TE D 39,
Endol80 @/ v 7 X v v HEIFHIIEClX. 2 7 —F VAR T ABE I LWL I &b
4 Endol80 DIEAH 2 7 — 7 VEKDIE T ICBAGE L T AR E oD, —/7, K
i ORI A b L RIRE 2 D AR L. 2 7 — 7 v RRHE & 138 7 D M AR EOE
BxHT2, #ERMEZ, ~4 20974 7Y (microfibrils) Lic b eFRz I x5 v
(tropoelastin) 25V L 7= AR E 2 b, Fo R I XAF Vv OMELRED LRV L D25,
FERTxTUMME Ty ViR, T RF v o SR T O RG, T2 HED
ICERIMRICIR TR X N 2 i, MBI B W TR0 = 7 X F VRS AE S L, B
KFLFEE O A ¥ v 2 7 VHEIZIER T 5 D, Lo L, EEWMNEClE T 7 X5 v HRHEIL IR
YF o BREINTEY D, HERMEOEZICE T 22T 2 S ICow»TidIE
HICH L Wb D2D 5, BRICE T BRI D & — v A — N = EIFIEF IR L HARL
TRAME R RS 2 C LR CH 2 L EX LN TV D),

— T, N7 OMIIENDERE LTEIC A — 1+ 7 7 =LA G 285 L LT
MR INTEY, A=+ 77— 3N e & HICHENKT T2 2 MG I LT
%o ¥ 7z, mlknE R O BERAES NG < 134 (R Bk O SRAEEF NG &t L TA -+ 7 7
IV = LML Cwa 2, A=t 77V —iEEIREWZ L BMEIN TS ¥, F—}
77V =V AT LIEREA R L o MR INRE R A S EE L, I n-E
ZVH A 7T i kY ilaNoEEEZ R OMIND Y AT LTHE T ehb
) Z OBEREARITRE 2 I P a v F Y 7T OHFMICHE S ML ROS o#iNC X v &tz
WX BARE D RB I N T WS, 72, A=+ 77V —ONRIHERHEZE T 3 7u T 7T
— ¥ FHEH, leupeptin < pepstatin A Z UL L 72 #j#ESFMild cl3dlla 7 -7 v, =9 X5 v,
e7a g EoMifase b ) v 2 ARG DEBAMET L, a7 =7 Vil S5 @A
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MEINBZZEbHEINT WS 4, ZDXI %A — 77— DHEER IR S Rt
M otREZEAL X, LB b 2 A Z L 2 BT 2, Lo Lad s, BHRTiE
=+ 7 7Y - DAV OEE ET IR 2 ERE LTFRT 205, £213E
fLofEF L LCA— P 7 7 V—HREEX B DN D2 & » ) BRI L Tw 5,

E]:p]

R~ DIEVERY 75 B ~ DR 1IN BTG OET 2 EHET 2 2 L BE TN T 5,
—J. KRG OMBEL L LCa o =7 Vi, =7 25 VoD, R e L
TH— 77V —BEEDK T RHE TN T3, 2N F TOREMMIEICE W TIL, EIME
O H A IS X 2 BREHEEFMIIE O B~ + ) v 7 ZEERKEOK FELZHNE L&
MERRBFIATONTE 72, L LA, BB D X 5 12 HECEE 1B TERY 75 SRS R IR R
IC X VHETT 5 Z L6, B E ICHET 2 M IEE T A 21ER L, 2 ot lb=
T ORRHET M 2 - CRMEERBR 21T S e R YR TTETH B,

% ZT, AETIX UVA OIS IC X v e 7 A BEERle 2 32 2 L % H
& L Cat 21T o 72, 1ERLL 72 7 ufilassieefbe 7 it cd 2 < & % Gk
T2 I KEACBE IR T 5 BESAIIE O TR E < & 2 fifaE < — 77— #lliEA ROS
Lv, BE= Y oy 7 ABEGER FRBOZL, A— 7 7 VRO BIRICE R 2 Y T
A % 1T o 72

1-2. B
1-2-1. 3K

AREEIUT Db DZEHL 72,

MTT: 3- (4,5-Dimethyl-2-thiazolyl) -2,5-diphenyltetrazolium Bromid; > % 7 4 7 & 7 (3#h),
X-Gal: 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside; FIGAfiE T3k Xtk (KK), B
CA Protein Assay Kit ; Thermo Fisher Scientific (MA, USA), BSA: Albumin,frombovine ser
um; (SIGMA-Aldrich, Darmstadt, Germany), 2,7 -dichlorodihydrofluorescein diacetate (H.DCF
DA); Merck (Darmstadt, Germany), Fluorescein-5-thiosemicarbazide (FTSC); Sigma-Aldrich (S
t. Louis, MO, USA). Hoechst 33342( Nacalai Tesque, i{#F), LysoTracker™ Red DND-99 (Lif
e Technologies, USA), Hydroxychloroquine (HCQ) CRIE{LK T M S, HX) CYTO-ID
® Autophagy Detection Kit (Enzo Life Sciences, USA) BCA protein assay kit (Thermo Fisher
Scientific (MA, USA).



1-2-2. MRS EERTE

1EH e b B HESEMIY (KURABO) (NHDF : p=3~8)i% 5%® FBS % &1 DMEM % f\»
T, 37°C. 5%COSMF T CRIE L 72, MEUEEIZ 025% F V) 72 v B XU 0.02%EDTA % &
A9 % PBS-% > CHIME % FIEEL 72,

1-2-3. KL T ARMESFHRE O /F L

NHDF % 96 well plate IZ 2.0x10% cells/well, 35 mm dish IZ 40x10* cells/well D % & CHEHRE L
24 W58 L7z, HBSS ICT 1 Mk, 7=/ —n Ly FREH (5 %FBS &) DMEM
IS L 72 3 V/em? D HREEE © UVA % NHDF ~H&f L 72, UVA 7 v 71X BLB 7 v 7 (R
ZEY) Rz, 1 H 1AL ERE 4 HREHE DR L UVA S %2170, BREEEE ot 2ALEE

g%fjio f:o

1-2-4. SAB-HT 7 b v 2—EY et

NHDF % PBS-TCH¥EH, 4% TV LT T b FIEREZRML 15 sr[EEE U <l % EE
L7z. PBS-ICTHEHE. 1 mg/mL @ X-Gal Z#AIL 37°CT 24 Wil 4 v F 2 _—} L7z,
PBS-IC THEH 21T\ JEABAMEE CHiR % fg L 72,

1-2-5. MTT 7 v & 4 &

0.4 mg/mL @ MTT % &% DMEM % H\>C., NHDF % 37°C, 5%CO.5:/F T < 2 IRefi] 4 v
¥a~—hL7%, DMEM %Z[REHK, 41V 7o eArTra—rz2i/mmL 10 2B7 Y7 -
2 VETWER L7 A =3 v 2L 72, #iHE D 550 nm iIC 1) 2 (Reference:
650 nm) ZHIE L. Ml EFEREZREHL 2,

1-2-6. #HAEH ROS DHIE

NHDF % HBSS T¥i# L HBSS 12T 20 uM 12345 L 72 H.DCFDA % % well IR L 72,
37°C, 5 %CONREDIREI T T30 A4 v Fax—1F Lz, 20Kk, 7L—P Y —X—iCCT
HOGHRE (Ex; 485 nm/Em; 530 nm) ZH5E L 7z, 0.5 %TritonX-100 I CHIAE Z A4 L <. #
NN % v o3 7 & % BCA Protein Assay Kit (C X D € L 7z, WIGE L 7z dEREE L X v o3 7 &)
b, 2y 8H7 Y OMIN ROS L2 B L 72,

1-2-7. EBEHBEOANEZ AR V7 DT L

NHDF % PBS-T#tit L. WA X/ — %% Well ICHNIN, -20°CC 10 47 flifiE Lfiie % &
5E L7z, PBS-THEH ATV, 20 M FTSC Z & T 0.1 M MES-Na fEfi#  (pH 5.5) Z&siL
TEWR, T C 1 FFEEHE L 7z, PBS-IC THEi k., 7L — b ) =X —ICCTHNEHE  (Bx;
492 nm /Em; 516 nm) % H%E L 7z, 4 uM Hoechst33342 ZFHBLL . 37°CT 30 /r[EEHE L 7=,
PBS-IC CTPEi# 4. HOESRE (Ex; 360 nm/Em; 461 nm) % HIE L7z, % Dk, dHCEEMEIIC T
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R 2 S L 72, FTSC DYl % Hoechst33342 OHEAETHIIEL . 2 a2 filaiN A AR =
WRUNRTLLE LT,

1-2-8. Y 7V X A4 L PCRIE
RNA filit}

NHDF % PBS-IC T¥E#% L. RNeasy Mini kit (Qiagen) % fiiffl L T total RNA % fliHi L 7=,
RNeasy Mini kit fTJE@D 7’1 a1z S,
UL TR

Total RNA & ReverTraAce qPCR RT Master Mix  (x5) (TOYOBO). Nuclease-Free Water
(TOYOBO) % 2:2: 6 TiR& X4, Gene Amp PCR system 2700 (Applied Biosystem) % i L
T 37°CT 30 47, 50°CT 577, 98°CT 5 DA CHHEE IS 2T\, cDNA ZFHHEL L 72,
RT-PCR

Nuclease-Free water I CTHAifR L 72 cDNA % 4.8 uL., Power Up SYBR Green Master Mix (Thermo
Fisher Scientific) 5 pL. % 7 7 4 ~—® forward 5 X (X reverse % 0.1 uL § 2, A&l 10 pL i<
75 % X 9 Nuclease-Free water IC TH*E L v = M ITHHN L 72, Gene Amp StepOne RT-PCR system
(Applied Biosystems) % F\>"C, Holding Step50°C, 1 min, 95°C, 15 sec. Cycling Step 95°C, 3
sec. 60°C,30sec % 40 ¥4 7 L, Melt curve Step 95°C, 15 sec. 60°C, 1 min, 95°C 15 sec D&
R COG & &7z, mRNA OFER %, AACHEZ W THRIL 72,
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Table. 1 Primer sequence

Gene Forward Reverse

COL1A |GCTTGGTCCACTTGCTTGAAGA GAGCATTGCCTTTGATTGCTG
MMP1 AAGGTGGACCAACAATTTCAGA TGAAGGTGTAGCTAGGGTACATCAA
TIMP1 CCTTATACCAGCGTTATGAGATCAA |AGTGATGTGCAAGAGTCCATCC
CYR61 CCAAGCAGCTCAACGAGGA TGATGTTTACAGTTGGGCTGGAA
MRC2 GCTTGCACCAACATCACCAT GGGAGAAGCTGCTCTGCTCA
elastin GCTGACGCTGCTGCAGCCTA CAGCAAAAGCTCCACCTACA
FBN1 CTTCCACCTAACAGGCCATTAACA CTATCACATGGTTCCATAGGTGCAG
EMILIN1 |[CCTTCGACAGAGTCCTGCTCAA CGCTCAGCAAGTAGCGTCCA
MFAP4  |CTTTGTGGCAGGCTTTGAGGA AACTTCTGGCCACTGTGGTAGGAC
LOX TTCTTACCCAGCCGACCAAGATA GTGTTGGCATCAAGCAGGTCA
FBLN4 GCTGCTACTGTTGCTCTTGGG GGGATGGTCAGACACTCGTTG
CoL71 GAGAAGGGAGAAGCTGCACTGAC GGCAGTGTCTGCAGCATAACTAGG
COL4A2 |CGGAGTTTGTGGATCGGATA GCATTCGATGAATGGTGTGG
LAMC2 |TTTCAGATGCCAGTGACAAGACC GCTTCCAAGTTCAGACTCCCAAT
HSPG2 CCGTCACAGCAAGCCAAATG AATTCACCAGGGCTCGGAAATAA
CXCL8 ACACTGCGCCAACACAGAAATTA TTTGCTTGAAGTTTCACTGGCATC
ULK1 TCGAGTTCTCCCGCAAGG CGTCTGAGACTTGGCGAGGT

Atgd GATGGAGGAAATCAGAAGGTTG CGCAGGGGAATGAGAAGTA

Atg5 GGGCCATCAATCGGAAAC AGCCACAGGACGAAACAG

Atg7 CAGCAGTGACGATCGGATGA GACGGGAAGGACATTATCAAACC
Atgl2 AGTAGAGCGAACACGAACCATC CCATCACTGCCAAAACACTCAT
LC3 GAGAAGCAGCTTCCTGTTCTGG GTGTCCGTTCACCAACAGGAAG,
GAPDH |GGGAAATCGTGCGTGACAT-3 CAGGAGGAGCAATGATCTC

1229, E¥ ¢t MUEEME~oe Fe*v7un*y (HCQ) Ui

NHDF % 96 well plate iC 2.0x10* cells/well D% FE CHEfE L 24 FEfEIETE L 72, HCQ % #&R
FE10nM 12723 X 9 5 %FBS % & DMEM I CHEE L =55 & 2effa L €. X 51T 24 H5H
BT 7

1-2-10. Western Blotting ¥

Sample [F]}Y

HEACE T VMR S X O HCQ WUBARAETEMINE 2 PBA -1 C[EIX L. Sample Buffer
Solition 2ME+) & Sample % 1:3 OFIETRAL TS pug/10 yL O X v X7 REICR 5 X 5

w7,
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BRKEHEY 727 VL7 I 7 A oEl

7 XSt EBRIKEEEFIRELZSHEIC, 30% 727 VA7 I FRER (AR &
1.5 M Tris-HC1 & (0.4%SDS &H) (B ). 10% @EiifE7 v &= 4 (D #K). K,
TEMED %# iz, I =27 77 AEHE » MCHi LIAR, TADEEp0a X 5 bickikz &8
TEUIAR, K1 BFEE L COBEr VR ER L 72, ZADEAL L, MKEET, 30%7
7 INT I FRFAR (AK). 0.5M Tris-HCl #ZfR (0.4 % SDS &) (C #). 10 % Efiilk
TVvEZY L (D) & TEMED ZiEA LIRMET V2 M7 VO IS LAATZ, 2 — 4
ZELAR, 30 FHBEBICTCTIAEESI 2, JHE7 VT, 10%E 15%TENTRD
SYRBICHIG LD DRERLL 72,
& Sk

TEAUKENE (ATTO) kBN N> 7 7 — 25mM Triss 0.1 %SDS, 192mM 2’V > V) %
RLAATI=ZAT7 77 %%y b+ L, Sample Bl % %7 = VITH Lid&, 250V, 20 mA/
7 1B, 90 min O 5 CELVKEI % 1T 5 72, FIFFIC ) T8~ — 71— (BIORAD, #161-0374)
3uL kB L 72,

TayTA4VT

VKEIhic A v 7 LY (PVDF i) 2 A% — LI 20 BREL. 7oy 54 v 27 BIRICE
T RFERIE S, ARy ey 74 VB Z A v 7Ly —RIc2 &, 7 my T4
VZARIC2K, TRy T4 Vv BIRICIK, TRy T4 v CHRIC3BURIE L 72, VKE)
TR, KB 72T my T4 v 7 BIRTHREFL, 7ry T4 v 73E (ATTO) @ Fic,
ATRICIR L 72 084K 2 Mo, BRICIE L 720848 1 #&, kB v, CIRICIR L7-J8HK 3 o lEc &
NTELA R R EREEY, 40V, 144mA/7 v 1L, 45min DT vy 714 v 7%
1To77,
PURSUASOG

7u vy T 4V IR T, PVDF % 1 % BSA RICER T 2 R, RiERE S ¢ 71 v
¥V 7 %fT5 72, 0.05%PBS-T T 540, 3 EEHF%ZITV. 03 %BSABKRTHRL 2—X
PUik LC3A/B Antibody. p62. LAMPI (1:1000) ¥ 7z 1%, B-actin (1:2000) % PVDF EIC N L
T ==y 7T ARIAR 4°CTH—N—=F 4 } L7z, 0.05%PBS-T T 5 5rfilfikiz % 3 1]
1T\, 0.3 % BSA AR T X¥L{A& HRP conjugate Goat anti-Rabbit IgG (H+L) Secondary Antibody
(Invitrogen) (1:3000) Z 7R L T < 2 R SUC X €72, 0.05 % PBS-T T 5 7rffl. 3 [BIFE#E
%17\, ECL Western Blotting Detection Regents 1 £ ECL Western Blotting Detection Regents 2
Z1:1 CiRAIHE., PVDFIRICH T L 1 #HRIGE 72, XHRT 4 L 20 TR X ¢ BUR
BTy YoM %Z1T o7, Image] ZHWTHH L 72Ny F2EEL L 2777 7 #1ERC L 7=,

1-2-11. CYTO-ID ¥ v FZHnwA—+r 773/ — L 0BH
1-2-3. D FNETIERK L 72 ¢ Z b & 7 AR 35 X OF HCQ 4L NHDF % PBS - Cyii
L. 20nM CYTO-ID (Enzo) &AL 2 L. 37°C. 5 %CO, DS T 30 /7 A v~
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Fa_— L7, MlE% PBS-TUE# L. CYTO-ID HKDHIYEIT 480 nm < THHEERFD 530
nm IC351F B HEZHIE L 72, HBSS I CTHH L 7z 4 uM Hoechst33342 (Life science) & NHDF
% 37°C. 5% CORE DB T T30 A v F 2 xX— b LR EIT- 72, RHEKDOEN
IZ. 360 nm IC CIERKRED 461 nm T3 1F 2 HE %2 HIE L7z, HOLBERER IC CHlifg 2 BfS L
7z

1-2-12. LysoTracker IC X 3 U V V — L5 f8

HeEALE FABHESIE S X O HCQ 4LHE NHDF % PBS - Tt L. 10 nM LysoTracker Red
DND-99 (Life science) &H I & Z8Ha% 1T, 37°C. 5% COLIREDIRET T € 1 Ifflj4 v &
a2 _— | L7z, ffil@% PBS -T¥EiF L. LysoTracker HIKDHIEIE 577 nm I CTHlERF D 590
nm ICBF 58 %HIE L7z, HBSS IC C# L 72 4 uM Hoechst33342 (Life science) &
NHDF % 37°C. 5% COIREDOBREI T T 30 474 v F 2~ — F LR EEIT o7z, HK
DHEIE 360 nm IZ THIERFD 461 nm IS BT 2 HEZHE L 72, HOCTEAMER i< iR % I
BL7=,

1-2-13. B F 7 v EBEREEH

HEE T ARMETMAE % PBS-TUE L. 0.5 % TritonX-100 &H PBS -% 96-well plate
Iwell 472 9 100 uL @00 L CHAE 2 35 U CHIBSRIR Z 8 L 72, #OEEE & LT, 20uM
MOCAc-Pro-Leu-Gly-Leu-Gly-Phe-Ile-Leu-Phe-Arg-Leu-Ile (DNP) (~= 7" F F#FZEAT) % FH T,
50 mM AcONa/NACI (pH 4.0) bueffer H1C 37°C. 5% CO 12 OBREE F CRIG X ¥ 72, HfEH
We GREEORAERE 0 FFH & LT, 10 4381C 327 nm AR D 393 nm (351 % HK
BEEZHNE T L — P Y =X —THIE L7z, 10 43I HIE L 72 #OLE S b KIS TER 0 K o
HNMEZF &, REMOMEE XY MOCAc DAEREZEH L2, £72, BH L 72fEd & HAL
Bd7- 0 BB RS, B2 v 2 BCHIEZITWAT 7Y Vigtke Lz,

1-2-14. MREAY ¥ v — LEHHRE

JeEbe 7T M2 PBS -Ckifr L, VY Y —LWIEET v e 4 dHN T m -7
(Lysosomal Intracellular Activity Assay Kit, Biovision) (1:100)% ZLEE L 37°C, 5 % CO, IRE DR
BT CUREA v ¥ 2 _— 1+ L7, #ifd% PBS-CUEH L. 485 nm I THHEERFD 530 nm I
B 2HEEMIE L7z, HBSS I CEH%L L 72 4 uM Hoechst33342 (Life science) & NHDF %
37°C. 5% COL IRIE DB T T 30 7H A v ¥ 2~ — b LEEREZIT > 7o, MHROHDE IR,
360 nm I TR D 461 nm I B 3 HH % WIE L 72,
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1-3. &R
1-3-1. B UVA S L 72 8HESFRIRE D SA-B-777 7 + v & —EFHEL

UVAQBJ/em?) % 1 H 1 [\, 4 HfEESE L CHES 217 o 72 fHEEFiid o SA-B-H7 7 b v &
— B % 1T o7, UVA EFHHRE % 1T o 2 HEFMAE T3 SAB-7 7 2 + v 2 — K
HEEAEI L T\ 2 D3R T 7z (Fig. 1-1). T 72, MlRAEEELZ MTT 7 v & 4 THEZRL
7ol 22, 4 HE O RS CEFRIT 75% R I L7 (Fig. 1-2).

Control NHDF 4 times UVA irradiated NHDF

SA B-Gal stain

— — ' y W A

Fig. 1-1 Influence on the cell senescence markers in UVA-irradiated (photoaging) NHDFs.
NHDFs were irradiated 3 J/cm2 UVA for 4 continuous days. Cells were treated with 1mg/mL X-gal,

and the staining levels of X-gal were observed using a microscope. Bar scale: 100 um.

I I I **
1 2 3 4

UVA irradiation at 3 J/cm? (times)

140

120

100

80

60

cell viability (%)

40 |

20

Fig. 1-2 Cell viability at UVA-irradiated (photoaging) NHDFs. NHDFs were irradiated 3 J/cm?
UVA for 4 continuous days. Cell viability was measured by using the MTT method. The data are

expressed as the mean + standard deviation of 5 independent examinations. Significance ** p<0.01.

1-3-2. A UVA 5 L 72 ESFRI O MIFEN ROS B X ALK = 2 v s L)L

UVA WEHHEHESHIZ oM ROS B X UL K= & v o3 7 OHIERTT - 72, #EE
UVA TESHEHESEMIE < 136 = 2 MIEA ROS L R D JUER R &, Hi[H T UVA W5 %
T o TARMESFRIAE X 0 b B E2R S 7z (Fig. 1-3). S 6, Wfbx v o278 E L THIS
NTOEZAVEF=ANZ YR TAT e FEICHT2RBHRICHNETe -7 ThH S
FTSC T7 b3 2 LT L7z & 2 A, #E5(E UVA IRSHRHEEFMIAG < 136 = a8
DB HNT- (Fig. 1-4),
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Fig. 1-3 Intracellular ROS levels in UVA-irradiated (photoaging) NHDFs. NHDFs were
irradiated 3 J/cm2 UVA for 4 continuous days. After preloading of NHDFs by 30 min incubation
with H2DCFDA. After dissolution, the fluorescence intensity of each lysate was measured (Ex; 485
nm, Em; 530 nm). Intracellular ROS levels are expressed as F.I./ug protein. Data are expressed as

mean + SD from 5 independent experiments. Significance: *** p <0.001
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UVA irradiation at 3 J/cm? (times)

CP level (%)
(FTSC./ Hoechst33342)

thn
=}

UVA (3 J/em?) 0 times 1 times 4 times

FTSC Merge

Hoechst
33342

Fig. 1-4 Intracellular ROS levels in UVA-irradiated (photoaging) NHDFs. NHDFs were
irradiated 3 J/em2 UVA for 4 continuous days. After preloading NHDFs by including with FTSC for
60 min, Hoechst for 15min cells were washed and fluorescence intensity was measured (FTSC: Ex;
485 nm, Em; 530 nm, Hoechst: Ex; 350 nm, Em: 460 nm). The intracellular CP levels are expressed
as FTSC/Hoechst. Data are expressed as means + SDs from 5 independent experiments.

Significance: *p<0.05, ***p<(0.001

1-3-3. #HEE] UVA B5 L 7zt o BETRFEOEL

A UVA BBHRAEEFMAIC €. 2 2 — 7 vRRHE. HEERRME, RSB % v o7 $L
ARt Rl R I B 4 2 8 a7 RIR A WD L 72, E50] UVA TS RRHESEMIAE <12, COL1A1
DHBERFEHIA. MMP-1 OFEFIEMAHER I iz, 51T, a7—7 vEREIHIL.
MMP-1 ORI ZFHEET 2 2 L A LTS CON1 OFIN, s hzWihfba 7 —
7V RHLY AT MRC2 (Endol180)D FIUK T 23R & L7z (Fig. 1-5a), 72, HHARHEZ AL
ICBE Y 2 BT IC B W TH R AR RIBUKT 235 X U (Fig. 1-5b), AFdBkiEE R 7 & L CHl
LT3 CLCXS (IL-8) DHEARFEFIEM DD b L7z (Fig. 1-50), TNHLDFEFR LY,
A UVA IBEHERAEEMIE I 2 7 — 7 v b X OERGEE R o, & bicz oot
HEx FHET 2 [ REMEA R & e, AR UVA IRETRRMESE/IIE < 13, BRI Z /R L T u
% COL4A2 (4 T2 5 — %", HSPG (»X— 7 V) OBIGFFRIMBMET L (Fig. 1-5d). KL
% 533 5 MMP-9 O A B 78BN S R X iz, —77 T, COLTAl 3 X U LAMC2 (7
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1=V) OBETRBEIHMAHER S iz, BRIEBEOEK Y T LA 2 48a 7
=TV N=nHh v TIZVORERTFREANPKECEIL TS Z e, MMP-9 DIEET
FEADEIML T 5 & 5 UVA BREHAES A2 B 7 BRSO TE K REDMK T L
T3 AMREME AR E X 7z,

RHELT & MIENEN L 3ROBIHAHE ST 5 Sirtl (—F 2 4 V) BIa T I3HEEK
0] UVA HESHSESME CHEBEIET L TWw3 2 LRSI 7z, & bic, EEn UVA 18
BHRMEZEMIRE clx, — Mgl L Ky 2 22642 Nrf2 £ 2O Fiffica—FahT
W 3 PTRLESE & v % 7 OyGCS, CAT, HOMX1 b A E BB TRIAOK T 235580 bz

(Flg I-Se)o
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Fig. 1-5 The change of relative gene expression levels in UVA-irradiated (photoaging) NHDFs.
NHDFs were irradiated 3 J/cm? UVA for 4 continuous days Total RNAs were extracted from the cells
and cDNAs were synthesized. mRNA expression levels were measured by real-time PCR. Data are
expressed as means = SDs from 4 independent experiments. Significance: *p<0.05, **p<0.01,

*#%p<0,001
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1-3-4. A UVA B L 28 Figic s 24—t 7 7 V—B# % v 3 7H & mRNA
HEL <A DAL

A=+ 77V =D T ATIIEEARLE R M NRERERA -7 7TV — 4
WICEL Y IAE D & &, LC3-12> LA X 7z LC3-IIC X - TRt s 2Bt e b, &
5T, p62 X LC3-E DHEMERHZBLCA— 773V —LDEKICEESG L, HEL LT
A= b7 7Vl X o GERNICH I NS, Liz23o T, LC3-11&E p62 ZMET 2 Z & 1%
N A —+ 7 7 ¥ =i 25T 2 FEHED—D e 2 L EZ LN TV 5,

R UVA 85 L 72 S ESRMIE © LC3-11E p62 & v/ ¥ 27 L L, UVA BBEf 217> Tw
R OHHESERIAE & LB L CTHEBICE W Z L AYR S L7z (Fig. 1-6a, b), #ELIR] UVA BEE L 72
ML A — b7 7V =T 0w R %R L7101 Atg BIEBEEFRAE ) T2 4 L
PCR %M L Ci~7z & 2 A, EEInl UVA BBES L 72 3HE2EMIfE <13 LC3 o@E (a1 R
DICHEL T3 2 EDER I N (Fig. 1-6¢)s X HIC, A — 1+ 7 7Y —HEAITH 2 HCQ
LR L 22 BRI IC B T L LC3-ILL p62 X v X 7L~V i3I L, LC3mRNA L
XL h HEICEWEDR S (Fig. 1-7)
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Fig. 1-6 Influence of repetitive UVA irradiation of NHDFs on protein and mRNA expression

levels of autophagy-related proteins. NHDFs were repetitively irradiated with or without UVA. (a)

Representative images of LC3-I, LC3-II, p62 and B-actin proteins assessed by western blotting. (b)

Digitalized values of LC3-1, LC3-II and p62 protein bands from western blotting with the ChemiDoc

system. Data are expressed as fold changes normalized with the value of non-irradiated control

NHDFs corrected by the value of B-actin (n = 3). (¢) mRNA expression levels of Atg proteins

quantified by real-time PCR. The data are expressed as the mean = standard deviation of 3

independent examinations. Significance: *p<0.05, **p<0.01.
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Fig. 1-7 Influence of HCQ on protein and mRNA expression levels of autophagy-related
proteins in NHDFs. NHDFs were treated with or without 1 pM or 10 uM HCQ for 24 h. (a)
Representative images of LC3-I, LC3-II, p62 and B-actin proteins assessed by western blotting. (b)
Digitalized values of LC3-1, LC3-II and p62 protein bands from western blotting with the ChemiDoc
system. Data are expressed as fold changes normalized with the value of non-irradiated control
NHDFs corrected by the value of B-actin (n=3). (c) mRNA expression levels of Atg proteins were
quantified by real-time PCR. The data are expressed as the mean + standard deviation of 3

independent examinations. Significance: **p<0.01.

1-3-5. #EEE UVA W5 L 28 Srifie o A4 — + 7 7 & — A
BEHE P UVA W L2 EFHIEoAr -+ 7 7Y —DREZH N2 720,

CYTOID®GreenDetection Reagent Z i L CA—+ 7 7 =V — 2D 217> 72, 72, M
N Y v YV — L%, LysoTracker™RedDND-99 5 X ' LAMP1 & v ¥ 7 E &2 fafE & L CHiH
L7z, B0 UVA B85 L 72 SRHESEHIIE © CYTO-ID. Lyso Tracker @ #1413 UVA RIEST D
FRAESEAIAE & LU L CHEEICE W E2 R & 1172 (Fig. 1-8a,b), ¥ 72, CYTO-ID, Lyso Tracker
DYEERIL 2 DDFIEDR—EL T\ b T & BRI N7z (Fig. 1-8b), U V ¥V — L DFFRY
N—H—=R VNI THD LAMPL BB L7z & 25, HEHUE UVA BST L 7 S 2EIE < i
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LAMP1 DEINAER® &7z (Fig. 1-9), A5 OFER 2 & #ELI0] UVA BAET L 72 SHEZEHT
T3 A— 773V =4, VYV —LDEBEML T3 LR RENT, THIT, HCQ
IR % AT o 72 B MEFI CH AR ICA — F 77 2V — LB LY VY — L OEAKE
MLTWwW3 Z LRI NTZ,
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Non-irradiated irradiated 4 times
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Fig. 1-8 Influence of repetitive UVA irradiation of NHDFs on autophagosomes and
lysosomes. NHDFs irradiated with or without UVA were loaded with CYTO-ID® or
LysoTrackerTM Red DND-99 to detect autophagosomes or lysosomes, respectively. Nuclei were
stained with Hoechst 33342. (a) Fluorescence intensities in NHDFs were measured using an
EnspireTM 2300 microplate reader. The data are expressed as the mean + standard deviation of 3
independent examinations. Significance: **p<0.01; (b) Representative images of autophagosomes
and lysosomes. Green: CYTO-ID (autophagosomes), Red: Lysotracker (Lysosomes), Blue: nuclei.
Scale bars: 100 um.
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Fig. 1-9 Influence of repetitive UVA irradiation of NHDFs on LAMP1 expression. NHDFs
were irradiated with or without UVA and were then incubated with a primary antibody specific for
LAMPI, followed by incubation with goat anti-mouse IgG Alexa Fluor 594 at room temperature for
1 h. Nuclei were stained with DAPI. (a) Fluorescence intensities in NHDFs were measured using an
EnspireTM 2300 microplate reader. The data are expressed as the mean + standard deviation of 3
independent examinations. Significance: *p<0.05; (b) Fluorescence images were observed using a
BZ-X810 fluorescence microscope. Red: LAMPI, Blue: nuclei. Scale bars: 50 um. (c)
Representative images of LAMP1 and B-actin proteins assessed by western blotting. (d) Digitalized
values of LAMP1 protein bands from western blotting with the ChemiDoc system. Data are
expressed as fold changes normalized with the value of non-irradiated control NHDFs corrected by

the value of B-actin (n = 3).
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Fig. 1-10 Influence of HCQ on autophagosomes and lysosomes in NHDFs. NHDFs were
irradiated with or without repetitive UVA and then were treated with or without 10 uM HCQ for 24 h
after which they were loaded with CYTO-ID® (a) or LysoTrackerTM Red DND-99 (b) to detect
autophagosomes or lysosomes, respectively. Nuclei were stained with Hoechst 33342. Fluorescence
intensities in NHDFs were measured using an EnspireTM 2300 microplate reader. The data are
expressed as the mean + standard deviation of 3 independent examinations. Significance: *p<0.05,

*#p<(0.01, ***p<0.001

1-3-6. FEHUE UVA B L 2 ESFIfaD U v v — L B%RE

EEE UVA B L 72 fiie o U v v — A2 R I 2 7200, MilENY v Y — 4
T v+ A4 % v b (Lysosomal Intracellular Activity Assay Ki) # W THIEZ{To7, X5
. VY Y —LHNOTRTA v F—XTH LA T 7Y BEXUL DXV IEGEG
PEDMIE 21T o 720 HEE] UVA B L 228 HEFfil O MIfEN Y v v — 2361 UVA R
5 D HRAETERIIG & el L TR & & 23R S 7z (Fig. 1-11a), & 51T, #5E UVA BE&f L
7oA D A1 7 7 o Vs TE S UVA KIS O BRHESFHINE & i L CTHERBD 2R L 72
(Fig. 1-11b),
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Fig. 1-11 Lysosomal function in NHDFs. NHDFs were irradiated with or without repetitive UVA
and then were loaded with Lysosomal Intracellular Activity Assay K reagent. Nuclei were stained
with Hoechst 33342. (a) To determine the activity of cathepsins, NHDFs were treated with 0.1 mM
Z-Phe-Arg-MCA, which is a synthetic fluorescent substrate, for 30 min. The activity of cathepsins in
NHDFs irradiated with repetitive UVA is expressed as the relative activity against that of non-
irradiated control NHDFs by measuring the fluorescence intensity. (b) Fluorescence intensities in
NHDFs were measured using an EnspireTM 2300 microplate reader. The data are expressed as the

mean + standard deviation of 3 independent examinations. Significance: *p<0.05, **p<0.01

1-4. %

FEEII B T A 2 BT 3 2 £ 2 HW & LT, UVA EEEREEIC X 2
MRS 02 L % 5Hili L 72, UVA % 3 Jem? D WESHEEICC 1 H 1 [8], 4 HEEGRS L 7=
BAETEIE I3, MifEElt~—D —TH 3 SA-B-H 7 7 b ¥ & — ¥ O FBITHK O BN 25
RE N (Fig. 1-2), M@ trFEIN T L EZ LN, & HICHERIE UVA IRERRHES
M clt. MIEN ROS L~ v (Fig. 1-3). HAE =X V87 L)L (Fig. 1-4) OEINHER
B HNTz, ROS DEFRPLHNLFR= VX Vo7 LN, FRICEilinE O S i
LTI ERMEINT VBT L L5 DR L DRIz 9,

HE UVA IREHRMESE IR <13, 2 7 —7 v, B X ORI ICEE 5 3 2 B85 175
RABPAEREIET L, 2o BMEO D RICBI G 3 2 BIZ FORBELIIML T 5 2 L 3MilERE
ENT=(Fig. 1-5)e DT, AT =T VEHRBED 7 4 — KNy 7 2327 TH % CCNI/CYR61 D
FEBEM, 27 —7 v ZEARTH S Endol8O/MRC2 DEETFHRIUL T2 b0, 2hbd
DIFEIINENLETRO LN KB L —BER L 72, TNLOHERIT, 27 -7 VAKD
KT HICHMT EELZEL b eEZ LN,

¥ 72, BLBRE Tl 7 R F VI B 5§ 2 38 {51 D LTBP2 < LTBP4, FBLN4 O
BLETFRHAMET T2 2L AMEIN T L0349, 25 DBRICD W T H EHR UVA 1]
SHRRHEEFAII CIE B DR T 2SR I Nz, 2o OBIEF RO LT HERS X v &
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Rl % 17 o 7= SMESE MR 1 CBEE IR X U7 (Fig. 1-5)s

7z, A=+ 77 V- 0Bl b NELE T KM L CORERIi 21T o 72 &
A, #EEUR UVA HEET L 72 SRR < ld. LC3-IdB X U p62 & v ¥ 7 B O EFE DR &
N, dA— 177 —HEDK T2 b/ (Fig 1-6), —/7 T 0l UVA IBH L 7= fjiE
FHAETIZY VvV — 28E LAMPL &2 v 7 RBIORMBHR I W, A=Y VY — LD
KD S 7z (Fig1-9), —MMICAH— b 7 7Y =3 X7 LIIEED Atg X v X7 EIT X
D HlfHl X T B, Atgl/ULKI 13, ULKI-Atgl3 HAEKREIET 5 2 & TFHRD Atg KT %
MOEFE2RE LRV A— 7 73— LBEBETT 2 4549, LC3/Atg8 & LU Atg7 1
PE &6, AtgS-Atgl2 AR LA LA — 7 7 2V — LABRICB S5 % 44540, S[al0
FEFLC I, BEE UVA BT L 72 BHEEFHIIEIC 5\ C LC3 D ADBEEFHIMBTTEL ., 0
130 DB T HRILIEL L b o 72 (Fig. 1-6¢)e Z HLid. #EIE UVA 84T L 72 frifERA g
TlA— 77— DU TH 24— 7 7TV — LB ER L, VY Y — 20N
BHELZERBEIND, £ T CHEEIN UVA ST L 2 EERilao 4+ — + 7 7 ¥ —EE D
T2, VY Y —LoiEERRIC X a2tz Ho 2 Icd 57201, VY Y —LHNpHD L
AEFETLLTA—-F 77V —%HET 2 HCQ TR Z{T> 72, HCQ % LI
L 7= 8ESEIIECld, A= b7 7Y =B XY VY — LD, LC3-II, p62 X v/ 37
FI, Atg BEE R 7RI O W TR UVA BR5T L 72 SRAESHIAG & ARk O 258 23 HERR &
N7z (Fig. 1-7). EBEIC HCQ MLBEMIEIZ 4 — F 7 7 ¥ — DHBRER 2 IcBA 5 9 3 LC3-1, 1IF
LU p62 ZIIME 2 2 e MEINTED O, SEOFERE BT 2, &&Zic, EEH
UVA WG L 728 E2FIIRIc 5132 ) v Y — LB L A 7 7y ViktERBlEL 2 L 25
AREBEER TR b7z (Fig 1-11). EFRICERE Bk OB NG & 45 FH kD%
MG % BT 2 Ll g B HREE B TA— 7 7 3V — LM
ThTkh 9, ShloEEMER LB LEUT 2, COREEZRANICEZ S
& BRI UVA TS U 72 ARAEZRHEIE TR N IC A2 © 2 REE X v o3 7 RIS RS 5 &
EMTET, MERN T garbage-stress 234 U % & &I X 0 B RAHERF A HERER T 12 [ % mTRE
DR X 7z,

1-5. f&im

UEofERze$ &2 & HEE UVA BSHHESFHIlg c 3B {tPE ~— 71— TH % SA-
B-H 77 by A —XRREMEMERL, a7 —7 v, X OHEREOTEKEEDK T 2R L
7oo X HIT, UVA ZEfeiast L - SESsieiz V) v v — e R ek 24—+ 7 7
Y REDIK TR I iz, TNODOFERIZ, T TIRE I hTw 3K FE{topE L —
S 2 Ld b, HEBUE UVA ST L 72 SAESF AT 12 e S L B ICHATE 3 2 RfE SRl ia o &
UIEEIC> 7 P LizbDeEZ LN, Ko T, #HEI UVA IGHRHEIFII 132U S
ICHET 2 HEEE IO DT E % FB 3 2 MiESEfila < B % & famfh i & v/,
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F2E ABLEFELEARETHROER ) v 7 ABREETICNT 2
F 7 AF Y LBORE

2-1. #8

KIGZAIZmERIC X 2 AREL L 18 EN R KIGEREE I X 28 ticKlan s, K5
HARD T HEIRIIEE A P L R D ROS DS = -2 —Th Y, HEK
JEDOHESTENMET 2 £ FRKNTHE L EzZLNT WD, A LEMOTEREZ -7y + T
HBHMBERE I IC AR ORE L BRI 3720, TV Fo 4 Jy LMt
fbDOMEFTEEILE ¢ 5 28, b L INBILEFICREWN R 7, 2010 X5 RiMEE
fLoUERB I NS,

B TII G IR R MBI LD 1 DTh b, Ry T ITEERIERKRED
EFICX 2RI ENT 2K LMD 7 TH L0, Y TIREKR~ ) v 7 20& M
ERT2HDLEZLNTWS, 20, ZOBKITEKMIEN~ Y vy 72 CTHEaT—
TV ARHECTIEARAE O B, B XU ORGEEICHRT 2L 2 ANKREVWEEZ DL
N5, M ENBIE» S 12, RBCKFOBEK FEClda 7 —7 viiiioRd», 27 -7 v
AR RERE O MEFEL 303, BX WM RL I RF Vv OUEND RIS 2 A
27 VOB E O W R B b, BEEPEHClRD PR AT I XFUyBWEL
T RHERHE TS 2 = 7 A F VRO TR LM T 2 LG S h T b, BRRE
T, B~ M) v 2 2EFEET IMIATH 2 720, % OBEEEK T I3 &L oierT
B35, FHE, HEEKNG L B G2 o HEEGE L 280 2 7 — 7 v & lEE
FERDH Y, EEEHKOBMEFMIECIZa 7 =7 VABRESMET L Tw3 2 &3 RE X
NTW3 9, X5, BIMEBBERECld, 27 =7 v RIS 3 2 MMP-1 DRBE
S MATH a7 —7F VEEMETLTVWE I ERREINTEY 359, EHIRGE
B2 RS CaagIc £ R & 715 ROS IF c-Jun N-terminal kinase (JNK) & nuclear factor-kB (NF-kB)®D
> I NMREIC XD FHET & D Activated protein-1 (AP-1)D AR 5| Z# Z L MMP-1 5
X Y CCNI/CYR61 DHREIEWZTTHEL, a7 =7 v O R L G Z2IH T2 2 & 23
BH S i 3T B 955657

—h. TT7ARIVIEHHERE LCXLHMbLR 74 F Y ARE (TA) 13 PGE: A DM
il S X 2 HIRIEMEH 25 2 & A 6| BRI & LTt UVB S50 BRUMAE 1T 5
EAFEAE LT, 2 KERCIIFBRICON S 2 B8 aNAEE S LTI TWw» 5 90,

ITAEDWIZE Tl PGE23 2 7 — 7 v A K & HERRMERE 2 v X 7 H OB 2 M3 5 <
EDBHLAICENTE Y EBREICAKE N D PGEDHEL DHEFTICEH 53 2 A[HEMEDR &
nNTwg o, FEEE EL 72K Tlk PGEAKEDEMAHE TN TV 5 T Lh b 2.6
TA KRB E DO T £ 72 3UCEFRBIAGR I NS, Lo Lad o, TA SLELEEO T
i 72 138GEICEMTH 22008 9 IC o0 TOHE IR0,
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&y

2 BN E CBEEA K X NS PGEICE S 2 4T T, &b 7 AERHEERNT
DIHEIEREEIC T2 TA DT vF A Y Vv VMR AZHLICT 22 2 HIE L CTiTo
7z

2-2. KBTI

2-2-1. RAE
AT TR DEFMEAL 7,
b7 A F Y L (TA) (HAKEL, KBR), 5-Bromo-4-chloro-3-indolyl-B-D-galactoside (X-Gal)
(Nacalai tesque, Kyoto), Anti-collagen Type I (Rockland Immunochemicals, Pottstown, PA, USA),
Streptavidin-HRP, R&D Systems, Minneapolis, MN, USA), Fibrillin 1 Monoclonal Antibody
(Invitrogen, Carlsbad, CA, USA), Goat anti-rabbit IgG (H+L) secondary antibody, Alexa fluor 488,
goat anti-mouse IgG (H+L) secondary antibody, Alexa Fluor 546 (Abcam, Cambridge, UK), 2°,7-
Dichlorodihydrofluorescein diacetate; H2DCFDA (Merck, Darmstadt, Germany).

2-2-2. MHREREERERTIE

1E# e b B HESEMIY (KURABO) (NHDF : p=3~8) % 5%® FBS % &1 DMEM % ffl\»
T, 37°C. 5% COS&MF T TR L 72, #EAREEIZ 025% ) 7' v B X1 0.02%EDTA %
EH T 5 PBS-% WGl & #IEE L 72,

2-2-3. NEALE T UMET ML O ERE X O TA LB

NHDF % 96 well plate 1Z 2.0 X 10* cells/well @ % CiEfE L 24 FFfER5#E L 72, HBSS 1T 1
meEth, 72/ —ALy FESH (5% FBS & 1) DMEM 153 L 72, 3 J/em?® D HAST5REE
T UVA % NHDF ~E& L7z, UVA 7 v 713 BLB 7 v 7HZ8 %2 H\w/-, 1 H 18], #i5
4 HiE#EDIZ L UVA B 217, SHEFHIIE o e LFE 21T o 7. 4 HH QW R, TA
% BAKYERE 500 uM IC 72 % X 5 DMEM (T CHHRI L 7- 85 & 53 Ha LE& L 72,

2-2-4, SA B-F 7+ A—FHt

NHDF % PBS- T4, 4% SNV LA TAT b FEEREZRML 15 s U i % EE
L72. PBS-ICTHEA. 1 mg/mL @ X-Gal ZiL 37°CC 24 K4 v F 2 _—F L7,
PBS-IC CTHH T\, SEAABAREE CHIR % 850 L 72,

2-2-5. MIfEZALT v & A4

NHDF % PBS- T, + VU 7> v CllfasliE, Mlafz s v b L, @Oaikic <
ffEg~v v b Z/ERK L., 96-well Cellular Senescence Assay (SA- B -Gal Activity) (Cell Biolabs,
Inc, USA) @ 7' a b a Wit Wil % iBfi# L SA-R-Gal Assay buffer Z#shi L 37 ¢ 1 Iy
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A vFax—FL7%, FL—F U —F—lcCHENME (Ex;360nm, Em; 460 nm) # &
L7zo HIGE L 7= 8O0 2 ek CHiIE L. SA- B -Gal BFPEMIIER 2 5 L 7=,

2-2-6. #FEZA ROS DHEIE

NHDF % HBSS T#t# L. HBSS ICT 20 uM ICHH# L 72 H.DCFDA % % well ICHNINL
720 37°C, 5 %COFREDOERE T T30 A4 v Fa—=F L7, 20K, FL—1F) —X—
IS CHOETAE (Ex; 485nm/Em; 530 nm) % HIE L 7z, 0.5 %TritonX-100 C CHHAE % #fE L <.
HMIAEAN % v ¥ 7 &% BCAProtein Assay Kit I X D #HlIiE L 7z, #HIE L7286 E & 2 v o7 &
o, BT EBDTH OMIEN ROS L2 R L 72,

2-2-7. YT NVEA L PCRIE
RNA fihi

NHDF % PBS-IC T#Ei L. RNeasy Mini kit (Qiagen)% f# ] L T total RNA Z i L 7=,
RNeasy Mini kit fTJ&D 7' a1 % S,
UL TRCN I

Total RNA & ReverTraAce gPCR RT Master Mix ( X 5) (TOYOBO). Nuclease-Free Water
(TOYOBO)% 2:2: 6 TiE& ¢, Gene Amp PCR system 2700 (Applied Biosystem) % fii i L C
37°CT 300, 50°CT 550, 98°CT 5 DM CHiMaE G Z 1TV, cDNA ZFHHE L 7=,
RT-PCR

Nuclease-Free water IC CH L 7z ¢cDNA % 4.8 pL. Power Up SYBR Green Master Mix
(Thermo Fisher Scientific) 5 uL. %7 7 4 ~—® forward 5 X W reverse % 0.1 puL 32, &
10 L iC7 % X 5 Nuclease-Free water I CFH%E L 7 = VICHHI L 72, Gene Amp StepOne
RT-PCR system (Applied Biosystems) % H]\>C. Holding Step50°C, 1 min, 95°C, 15 sec. Cycling
Step 95°C, 3 sec. 60°C, 30 sec % 40 ¥4 7 /v, Melt curve Step 95°C, 15 sec. 60°C, 1 min, 95°C
15 sec DFEMFTRIGE ¥ 72, mRNA OFB %, AACtEEHWTREL 72,

Table. 1 Primer sequence

Gene Forward Reverse
PTGS2 AGCCTGAATGTGCCATAAGACTGA |AAACCCACAGTGCTTGACACAGA
COL1A GCTTGGTCCACTTGCTTGAAGA GAGCATTGCCTTTGATTGCTG

MMP1 AAGGTGGACCAACAATTTCAGA TGAAGGTGTAGCTAGGGTACATCAA
FBN1 CTTCCACCTAACAGGCCATTAACA  |CTATCACATGGTTCCATAGGTGCAG
GAPDH |GGGAAATCGTGCGTGACAT-3 CAGGAGGAGCAATGATCTC
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2-2-8. PGE.EE

2-2-3. DFIMETIERK L 72 e e 7 ARSI © 5538 13 % [EUX L Prostaglandin E» EIA
Monoclonal Antibody (CAYMAN CHEMICAL COMPANY) % T, 58 Lkt o PGE, B %
HI%E L 7z, BCAProtein AssayKit #fifH L CXx v X/ BZEm L, 2 VX7 @EdH 72 ) D PGE,
B HEHL 7,

229, [&EFSwas-rvER

2-2-3. DFIMETIERK L 72 e ' 7 AR HESF I 0 5538 13 % [ L | 96 well ELISA Assay
plate ((EK~X—2 74 b)) K&V v IABIOBRERH I NI —FrvE2a—T4 v 7L 2
RFfil 4 v F 2 _X— 1 L7z, 1%BSA T 1] 7 v v ¥ v 7 L 72%4. 2 ug/mL rabbit anti-collagen
Type I antibody %% 7 = VTR L 4°C T4 v F 2 _—F L7z, 0.05%PBS-T Tyt
#%. 40 ng/mL HISTOFINE > ¥ 7V 27 4 ¥ MAX-PO (R) (=F L A k&) 2L =
BT 1IRRA v F 2=+ L7z, 0.05%PBS-T T4, 0.3 mg/mL DIEE T2 -azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt % & 0.1 M sodium citrate buffer (pH
4.0) & VD H0r Z A1 L EIRIC CTRIG X B 720 RIGHK D 405 nm O % 7L — F U —
X —THIE L7z, fERKL 72FEfr o 1 7uaF -7 vEZEH L 72, BCAProtein Assay
Kit #fFH L C2 v X/ BEER L. AV X/ 8dblVo [ MToas—-rvarzitlx,

2-2-10. HERE
2-2-3. D FMCTIEK L 7206 E(LE 7 A RRMEEFINIE 2 1 B % 72 13 2 8= L 72, PBS-T
1P L, 4% FALT AT e FIEIR 100 uL % % well ICHAN L. 15 0 MIFHE L <illie %
[EE L 72, PBS-TUti4. 1% BSA (Sigma-Aldrich) & PBS-%7hI L CTEIRT 1 FRHHE
L. 70y x v 7B %47 572, 0.05%PBS-T THEi# L. rabbit anti-collagen typel polyclonal
antibody (1:500) ¥ 7z |Z mouse anti-fibrillinl antibody (1: 250) Z#S L T 4°CTHA — N —F 4
F L7, 0.05 % PBS-T %t % {T\>, goat anti-rabbit IgG secondary antibody ¥ 7z!% goat anti-
mouse IgG secondary antibody % #fl1 L T, #¢E T T2 FffEl4 v ¥ 2 ~x—F L7z, DAPI
CHlaL 2 geta U HOGBARER IC Tl 2 IS L 72, Bi{RET Y 7 - (BZ-HAM/EHHTT 7Y
F—yav, fASHLEF -z v ) ZHVT, 100 pm*ML Lo fRHEREEZ 2 7 -7 v, 7
47U Y v 1 RHE & E R LRI R 0 5l 2 1T - 72,
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2-3. R
2-3-1. Efb~—Hh—DHFEE X UHIHEA ROS L _A~D%hHR

HZIE, FICKEBARBRZRICKENTHRET 5 ROSICK LR P L RA2FK & &
N3, 2T, MIEANROS FAEICHT 2 TA DR EZHEF L 72, F5HE, 500 pM @ TA 13¢
ZAL® T ABHEFMAZO ROS L~ L 232 & & 2SR S vz (Fig.2-1a), X 51T, H
AL T ABEFMIE CITHEST % SA-B-7T 7 7 b ¥ 2 —XIGHMIEEIE TA 2 HFERE T 5
L TIETT 2 LnBIE I N (Fig 2-1d, e).

2-3-2. WELE T ARMEEMIIED PGE, FEEA KX % TA OIEIfEH

TAWRXT 7F 79 A bO7 7 A3 ViktExHE ST 2 2 & T PGE, OEAZIHIT 2 2 L2
O T B 469, SezfbT 7 A BHESEMIIE < 1x, UVA REGHIE & ik L < cOX-2 0iE
LfJE8ld X U PGE, FEA B DI N2 b7z (Fig. 2-1b,¢). —J7 T, TA ZHA7hS
L 720 T ABESEIIE <130 L 72 COX-2 Bin 7-FIH. PGEJELEE OHE A
DR X N7z (Fig. 2-1b, ¢).
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Fig. 2-1 Intracellular ROS, secretion of PGE: and SA-f-gal activity in repetitively UVA-
irradiated NHDFs. Repetitively UVA-irradiated NHDFs were treated with or without TA (250 or 500
puM) for 24 h. (a) After loading with H2DCFDA for 30 min, the cells were rinsed and solubilized. The
fluorescence intensity (F.I.) of each lysate was measured (Ex, 485 nm; Em, 530 nm). (b) Total RNA
was extracted from NHDFs and cDNAs were synthesized. The mRNA expression level of COX2 was
measured by real-time PCR. (c) PGE2 level in the conditioned media was quantified by ELISA. (d)
Repetitively UVA-irradiated NHDFs were treated with or without TA (500 uM) for 72 h, then were
treated with 1 mg/mL X-gal, after which X-gal staining was observed using a microscope. Bar scale:
50 um. Data are expressed as means + S.D. from five independent experiments. Significance: ***p <

0.001.

2-3-3. HBLETARMEIFMED 2 7 — 5 v B X UCBHEREERICT T 2 5R

ST AT D 2 Z — 7 v PR RE & R I CHERR L 72 2 Z
% UVA REHHHIAE & Pl U TS O TEROME T 32 2 L 3B S iz (Fig. 2-3).
T EBERERO IR Tna -7 vELARIETLTwS Z e 258® b7k (Fig 2-2b),

BT AT T NV ARHES MG © BRHETE i B R T O S 2 fEZ L 7= & T A, COLI,

FBN1 OH B FEUKT & MMP1 O FEEIEIN2SHERR & L7z (Fig. 2-2a), TA ZHAFEREE L 72
KB T ABMIFME TR I M Yo a7 -7 vEOE T2 S h, 27 -7 vEXV
PR R BE D SGE MBI S L7z, ¥ 51T, TA 13 COL1 En T RIDET & MMP1 #E(x
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TFRHOEEMZ BIE X2 5 Z & BRI 7z (Fig. 2-2).

(a) (b)
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25 | g
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2 20 S 100 |
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Fig. 2-2 Collagen and elastic-fiber related gene expression levels in repetitively UVA-irradiated
or PGE:-treated NHDFs. (a) Repetitively UVA-irradiated NHDFs were cultured with or without TA
(500 puM) for 24 h, after which total RNA was extracted and cDNAs were synthesized. The mRNA
expression level of COL1A1, FBN1 and MMP1 were measured using real-time PCR. (b) Level of
type 1 collagen in the conditioned medium measured by ELISA. (¢) NHDFs were treated with PGE-
(5 nM) for 24 h, after which total RNA was extracted from the cells and cDNAs were synthesized.
mRNA expression levels of COX2, COL1A1, FBN1 and MMP1 were measured using real-time PCR.

(d) Level of type 1 collagen in the conditioned medium was measured using an ELISA.
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Fig. 2-3 Formation of collagen and elastic fibers in repetitively UVA-irradiated NHDFs treated
with TA. (a, b) Repetitively UVA-irradiated NHDFs were cultured with or without TA (500 uM) for
2 weeks. Representative images of Type I collagen fiber formation. green: Type I collagen, blue: nuclei,
scale bars; 100 pm. (c, d) Repetitively UVA-irradiated NHDFs were cultured with or without TA (500
nM) for 1 week. Representative images of fibrillin-1 fiber formation. red: fibrillin-1, blue: nuclei, scale
bars; 100 um. Bars indicate means + S.D. (n = 4). *p < 0.05, **p < 0.01 indicate a significant

difference compared with the control.

2-3-4. PGE.IZ X 327 —7 VB XUBEREEROET L SAB-HT7 7 F v 2—FORHR
=4t

PGE13fEL 2 b L A ERIRFICEEE I N5 COX2 BERICHG T 2 RIEAT 4 T—X—Tdh
D AT VEREBIGET 2 2 L AHONT W3, A T, PGEIIEHEEEMIED 2 5 —% v
PEAE OO iR RS K 7 C B 5 LOX DRI & IIH] 2 RS HE S T w 3 6, 2h
lZ. PGEASEH 72 X 7 = VARG ER 72T Tld . MHEFHIEOBREK T Z L
T, HEZLOFER T & Ll < alREMEZ R L T\ %, PGEIRIIEEERIC X 2 M2
faoBEER~ ) v 7 ABBICKIETHELTAL 201, UTols % FEL 7, 27 -7
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v R OHEAR AR R 7 D B F RO Z 2 HE L 72 & 2 A, PGEARIIIC X Y COL1 @
FEUET & MMP1 D3N3 X O FBN1 OFEBUK T ORI 23580 b L7z (Fig. 2-2¢,d)e £ 724

I B2 g =7 vEARIRIE NS 2L DRI Nz, X HIT COX-2 DBETFHILD MR
O b7z (Fig. 2-2¢). B~ F VU v 7 ROMHMEIEICN T 5 PGE.DREE & R tikic X
S THER L7222 A, 1AM E 7213 2 8B D PGEFRIKGE X, 2 7 —7 VARHERZEK & ik
MM Z BRI T 82 2 LR &N (Fig.2-4), X 51T, 2D PGEAINKTEIC
XY SAB-77 7 by 2 —X¥OMGHMIEESEMT 5 2 L bR I N (Fig. 2-5), Z4b
DFGHR L, PGE D BAEIFMINE DREREIR T 2 55R 2 1D 1 D TH 5 AlREMEZ RR L T
%,

(a) (b)
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¢ d
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£
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Fig. 2-4 Collagen production and Fibrillin-1 fiber formation by PGE:-treated NHDFs. (a, b)
NHDFs were treated with or without PGE: (0.5 or 5 nM) for 2 weeks. Representative images of Type
I collagen (green). (¢, d) NHDFs were treated with or without PGE: (0.5 or 5 nM) for 1 week.
Representative images of fibrillin-1 fiber formation. green: Type I collagen, red: fibrillinl, blue:

nuclei, scale bars; 100 pum. Bars indicate means = S.D. (n=4). *p <0.05, **p <0.01
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Fig. 2-5 SA-p-gal activity in NHDFs treated with PGE.. NHDFs were treated with 5 nM PGE- for
1 or 2 weeks, then were treated with 1 mg/mL X-gal, after which X-gal staining was observed using a

microscope. Bar scale: 50 pm.

24, ER

ARETIE, 5B 1 BCERL BT T ABHEEFHIIE O BRHETZ RCRE D ZE LI 3 2 B
FPOLDPICT B ETTADT VFIA YV VIR EMEE L 72, ELE T AR c
IZ PGEJEE BB ARICTUEL T 3 2 L MR X L, PGEIT 2 7 — 7 v #HfE S X OVl IEAR
HEDTERKBE Z M 2 2 & PR X L7z (Fig. 2-4). & 512, 2 B D PGEANMNES# Tl SA-
B-777 7 b 2 —X DIGHMIIER ST 2 2 & B0 b7z (Fig 2-5), & b IC, PGE:l%
BAHELFHIIE O COX-2 % LR &7z, TOMRIT, PGEA TR R X 7T v VEZRIED
Ty 7P oiEMAL 2B LT COX-2 A LA X2, X 512 PGE.DFEE AN & & 5 K
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VT ATRT A= NN IR bE TS, Ansariy HIC X WG L T L, ThHD
FEHR 2 & PGE.D & ATHE (357 72 (S 72 PGE. DA IR L, EEE~ MU v 7 2 DFRHEI
K% X 575K, MlB(LOIREAR 2HES 2 ADON — T OIFAENRR I NIz, Th b
DEEEZRAEMCER T2 L, BEICAK I D PGEIT 2 7 —7 v iifEs X UMD
JEBAR N ICEF 5 LR E OHEFTICRES L T 3 AlREME 2 38 S IR L 72,

—H., 77 RIVHERE LTI LML NE TA 13, Je&lbe 7 VMR coTitE T %
PGE:DEAZHEICHIH L 722 & 205 a7 — 7 v e, HPERHE 0 I X OV % 1
FTHZLICKPER~ M) v 7 ROMEELLEZREL, TvFo 4 YV rshReXiEid 5
AIREMEDM AR S 72 (Fig. 2-2,2-3). HFE. TA I3, HEfLE 7 AMEERico =2 7 — 7 v
HEEToZEREL, [M7ueas -7 vao{ T2 L7z, 72, TA I COX-2 %
HEMHIT 3 2 & T, PGE-COX-2 DN — 7% Wi H Y] b SRHELFAIIE O BERE % [nlfE, o X
B A[EEERE 2 b LT,

Mz T, TA X, HELE T RRHMEIFMIEA ROS 2] 3- 2 C L MR S L7z, TA 3%
DS E, PIBILHIO X 5 REZRET 2R L weEEZ LS, ZD-DMllEN
ROS OIFEAIZ. COX-2 ifiTE2s ROS OFAEJRE 725 Z L BWHEIN T 2728 680
COX2 #HoMA Z N LIAFHTH L LEZ B LB TE %,

2-5. fEE

AREDOIERZFT L OB LUTOLIICRs, BEICEATAE LTRALN, MHEINT
¥ 72 TA 1Tld. B T ARSI OB 72 PGEAMEIIHIT 2 it X Y EE~ b
U v 7 ZADMMEIBROET 28G5 L, CE(WKGOHETZIGHIT 2T vF 4o v 7HlL
L CongetEr R nwiZ Iz,
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FIE SE2FEL REFRoGRME~RITTHEL t 74 ¥ LROZHE

3-1. ¥5

SR H e O B RRMETEAIIE 1335 45 3 HR ok o B RCRRMESF MG & Thik L <. PUEE (LB &
YRTETH DN R T —EOIEEEL . HICEVRBRILIREBICEI S INTwE 0, £t
FULE, KB~ DB ARTRIC L VSR IS 7, 243 & &b B EIcH:
B ML TH B, MEBERO 27 v 713, RO M, GRMdoEl
WKED AT = VEELEDHEIN, 75F 73 A bP~DAT=VvEEL AT 7V — LELEDTLIE
BEG LT3, CoEMR TR 37 7F 7 44 bR, SRHEFIED S o
NEVA MIA VY, TEAAVRECIVA—= 7 T4 VI, XT7 27 74 vIgICHlfl E T
W3,

HEACE G ORI R BRI TH 28 NEOREINLCld. BRI esZboTE
HuERTIEPMEINTEY D, ERHOHH, KERm TOMHEORKD—DICELL
TAETFIIE 2B S L C v 2 ATREME 2RI I T\ B,

E]:p]

AREETlE, UVA SEBHESHC TR L 72t ke 7 AV RHEEEIIRE 2 v . 21 L 72 #fE
FEHR S B 5 2 2ER 2R 2 2 LI & 0 EAMEABEIIR A~ O MHESME o
WELPHALPICT S EHBE LT,

THIT, F2EICEWTOEE(LOETIIH S X CWEIRZ R L2 b 74 %3 41 (TA)
D 7= 7 L BB I HE IR O F R 2 B & LT, B LT FASRMEENE & ta e &
DHEAER %/ L 788 H L CEHli 2 17 - 72,

32, £

3-2-1. AFE

BEREIUTObORFEML 72,

M7 AFY LM, TA (HAKE, KB), MTT: 3- (4,5-Dimethyl-2-thiazolyl) -2,5-
diphenyltetrazolium Bromid (7% 7 4 7 2 7, H#f), KK X 7 = &7 /'-MEL-300-B (MatTek
corporation, USA).

3-2-2. JeEfLE T AR MR O BIMLEHIC X 3 R 0GR

NHEM % 96-well plate 1C 2.0x10* cells/well O #fil ftd % £ ¢ Medium254 (Thermo Fisher
Scientific)i HMGS FHEHIEZAMA € » b (KURABO)Z AN L 7= 85k 2 iV CHERE L . 24
RFfEG S L 72, 1-2-3. O FIMECIERK L 726 e 7 A BRAEFHINZIC Medium254 1€ HMGS ¥
TERSEA A2 v b D~o%Y v FBS &I L 72551 CHIMLsE % fER L 72, NHEM 1 fE
R L 720t e TOUVRMEF IS D BIML RS 2 JUBE L . & & ic 24 IFREIRG B L 72,
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3-2-3. MIT 7 vk A4k

NHEM % PBS- TUE# L. MTT % 04mg/mL DIREICR 2 X 9 EHb% T, 37°C, 5%
COSMHT T2l A v Fa_—=1 L7z, FiiZBRER, AV 7v AT ra— v ziRmL
10 7Y F—vavafTwERLEZ 7+ b~F vy 2 L7, R 550 nm B L O
650 nm (T ¥ 1F 2 WEEE & HIE L 550 nm & 650 nm D 7E57 % W R iER 2 5 L 72,

3-2-4, Anv 4 V-AM $efts

NHEM % 1 ug/mL O /1v+ 4 ¥-AM % & HBSS % F T 15 3Rt %17 - 7z, Floid
Cell Imaging Station (Life Technologies) TH{JEHI{R % i L. MO H 02> & BHR ISR S
¥ COEREZMIE L7z, WAL 4 S O BEMETHET 2> & 10 i3 24 40 ML O BIE % 17
WEIH L 72,

3-2-5. Y T NV& A4 &L PCRIE
RNA fihi

NHEM % PBS-IC T#Ei L, RNeasy Mini kit (Qiagen)% {# ] L T total RNA ZfliHHi L 7=,
RNeasy Mini kit fTJ&D 7' + a1 % S,
BUIETREN TN

Total RNA & ReverTraAce qPCR RT Master Mix (x5) (TOYOBO). Nuclease-Free Water
(TOYOBO) % 2:2: 6 TiRA &4, Gene Amp PCR system 2700 (Applied Biosystem) % {#i F L T
37°CT 3077, 50°CT 577, 98°CT 5 73 DM CHHRE KIGZ 1T\, cDNA ZFHHE L 72,
RT-PCR

Nuclease-Free water IC T L 72 cDNA % 4.8 uL, Power Up SYBR Green Master Mix (Thermo
Fisher Scientific) 5 uL. %7 7 4 ~—® forward ¥ X W reverse % 0.1 uL 32, A&l 10 uL i<
75 % X 9 Nuclease-Free water IC THHE L v = M ITHHN L 72, Gene Amp StepOne RT-PCR system
(Applied Biosystems) % F > T, Holding Step50°C, 1 min, 95°C, 15 sec. Cycling Step 95°C, 3 sec.
60°C, 30 sec % 40 ¥ 4 7 )L, Melt curve Step 95°C, 15 sec. 60°C, 1 min, 95°C 15 sec D&M T
FIGE 27, mRNA OB %, AACtiEZ HWTHRIIL 72,

Table. 1 Primer sequence

Gene Forward Reverse

DKK1 GACCCAGGCTTGCAAAGTGAC CGCTACCATCGCGACAAAGA

KITLG GGCTACCCAATGCGTGGACTA GCAGCTGAAGATAAATGCAAGTGAG
TYR CCAGCATCATTCTTCTCCTCTTG GTGGACTAGCAAATCCTTCCAG
GAPDH |GGGAAATCGTGCGTGACAT-3 CAGGAGGAGCAATGATCTC
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3-2-6. RELETLEESFHIL BE A S5 =V EFNV-MEL-300-B & DILEER L 1 5= v E

=
==

KT T VMR %2 TA &6 £ 72 13 E&F EPI-100 RIS (o-MSH A&H)
T 72 RHEEL 2, 2ok, HKEMETARMTFMELZEEL 72 well iTRKA T =V ET
JV-MEL-300-B % #%i& L. EPI-100 RHHMERHEHE (o-MSH fE&H) < 2 ML E L 2, &
KA T = %7 V-MEL-300-B I35 % BAME CHI%E. RO 2T o7, Z Dk, X
HrORE—F2REEL, 5% MY 70 ufffzEH PBS-, =X/ —V /Y IF LI —T N
G:D. YT F AT — T VTN 2T L 72, SRy — M iZ IM KL b Y
¥ LHCHIEY (100°C, 10 93) ZAT\, WP ZRE L A 7 = VIR EFR L 72, X 7 =
VKRR L — P IcB L, =427 u 7L —F Y — X —ICT 405 nm WO & HIE L 7=,

3-3. R
3-3-1. JeEAbE TSI © BT A e AR i RIZ 3 1R

JeEACE TOVRRMESE T 238 N E ORI ORI KT T E 2R3 2 7201, &t
T 7 OVRETEIING 2 B2 L 7255 RS (BIEESH) % B NHEM Z 552 L. NHEM Offf
RadgsiE, BHRZEROMEICOWCHERZIT > 72, 4 [BIH O UVA W25 o 7= St
% R D FLEREH & 23 L, 24 G E S 5 2 & B2 FR L 72, Je&fbEeT
NARHEZEHINE D BI{L B b CREEE L 72 NHEM 1ZHEE % 1T o T A WEHEESEIE o Bl L 5 e <
B3 L 7- NHEM & el U<, iR o TR0 b7z (Fig. 3-1), BIRZEWZ & iT,
KRG O B R5 RS2 L 72 NHEM (3 JEEERTHbCH%#8 L 7= NHEM & HEig L <
AEICHIESIIH X T wn 3 2 & R X Nz, RIS, S LE 7 A BMEERIIE D Bl LS
HCHEE L 72 NHEM OBPREEOMEERIE 21T o 72 & 5. Szl 7 A fHE2Efa o Bl
{LEsHCTH 2 L 72 NHEM CIIfRR o R 2R I Nz (Fig. 3-2) TNOLDFFR LD,
HEACE T RMEEERINE X 0 50 & 2 PRI 723 (e RS & vEME L & 2T B AT REE DS
REI Nz,
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Fig. 3-1 Proliferation of NHEMs treated with CM prepared from UVA-irradiated (photoaging)
NHDFs.B. NHDFs were irradiated 3 J/cm? UVA for 4 continuous days. CMs were prepared by
cultivating the cells in Medium 254 for 24 h. NHEMs were then cultured with each CM for 24 h.
Proliferation of NHEMs was examined using the MTT assay. Data are expressed as means = S.D.

(n=4). Significance: *p <0.05, **p < 0.01.
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Fig. 3-2 Proliferation and elongation of dendrites of NHEMs treated with CM prepared from
UVA-irradiated (photoaging) NHDFs. NHDFs were irradiated 3 J/cm? UVA for 4 continuous days.
CMs were prepared by cultivating the cells in Medium 254 for 24 h. NHEMs were then cultured
with each CM for 24 h. Elongation of dendrites of NHEMs was observed with a Floid Cell Imaging
Station after staining with calcein-AM. Lengths of dendrites of NHEMs (40 cells) were digitalized

with image analysis (image-J). Data are expressed as means + S.D. Significance: **p < 0.01,
**%p<0.001

3-3-2. Bl T AR B FRREL
RIS CoRME X T = VEEICFHET 5 2 EPME I N T3, KITLG/SCE ¥ X
U Dkk1 DEL FRIAE % e L& 7OV IS T T - 72, L' 7 ARRAEZERT
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@ Clx KITLG/SCF DB RO HER & /=23, Dkkl OFERAZ{LITFED bk
2> 7= (Fig. 3-3),
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Fig. 3-3 DKK1 and KITLG gene expression levels in NHEMs treated with CM prepared from
UVA-irradiated (photoaging) NHDFs. NHDFs were irradiated 3 J/cm? UVA for 4 continuous days.
CMs were prepared by cultivating the cells in Medium 254 for 24 h. NHEMs were then cultured
with each CM for 24 h, after which total RNA was extracted and cDNAs were synthesized. The
mRNA expression level of COL1A1, FBN1 and MMP1 were measured using real-time PCR.

3-3-3. T 7 A ¥V ABAE LT o R NELE T VRSt aRMile~D/EH

HEALE T VRRHEESFMIIE %2 500 uM @ TA &F B oRE 88 LIFAK L 72 BIML 53 © NHEM %
B L, MfasgtiE, Bk omE 2R L 72, HELE 7 ARG O BIL S oS 8
L 7= NHEM (ZAfEH 523 7T L. BHRIGE SR T 2 DIcxf L T TA &R cEE L -
AT TV RAESFAIAE o BB < I MR o FUE, SRR O R MEZ S L7z
27z (Fig.3-4a,b); X HIC, NHEM @ TYR B FHBIC O W THER Z{To72 & 2 A, TA &
AR CREE L 72 08 LT 7 VERHEEF I o B H CRE 28 L 72 NHEM 13 6E1 ke 7 VR
HEZFHIAE D BIMLES L CH% 3 L 72 NHEM & e L € TYR & RO T 23R X 17z
(Fig. 3-4¢).
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Fig. 3-4 Proliferation and elongation of dendrites of NHEMs treated with CM prepared from
repetitively UVA-irradiated NHDFs treated with TA. Repetitively UVA-irradiated NHDFs were
treated with or without TA (500 uM) for 24 h. CMs were prepared by cultivating the cells in Medium
254 for 24 h. NHEMs were then cultured with each CM for 24 h. (a) Proliferation of NHEMs was
examined using the MTT assay. (b) Elongation of dendrites of NHEMs was observed with a Floid
Cell Imaging Station after staining with calcein-AM. Lengths of dendrites of NHEMs (40 cells) were
digitalized with image analysis (image-J). (c) total RNA was extracted and cDNAs were synthesized.
The mRNA expression level of TYR was measured using real-time PCR. Data are expressed as

means = S.D. Significance: **p < 0.01, ***p<0.001

3-3-4. NeEE T AR L TR L 2REA T =V EFT NV MEL-300-B DX 7=V
BEoZE1{t

N T ARRMEEEMINE & 2 ERHEEEE L 2K 2 T = v = T LI RIBS o BTG
CHEEELAGA LKL CETARBOE(LETL, A7 =vEREIHEML T3
T DRI NI — T, AT T RRMESMIAG 2 72 R TA SRR CREE L 7214, 2
R L 2 REA T =vET VI, ETARAOELERMET LA 7=vEREDK
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TLTw3Z eERIN (Fig. 3-5)

(@) (b)

£ 100
£ 90
s P
S 80 % e
70 SR
BB
60 Co b v 2T d 4
50
Sham-UVA
TA  Sham-UVA UVA
(nM)

Fig. 3-5 Changes of melanin contents in the epidermal melanin model-MEL-300-B co-cultured
with UVA-irradiated (photoaging) NHDFs. Repetitively UVA-irradiated NHDFs were treated with
or without TA (500 uM) for 72 h. The epidermal melanin model and UVA irradiation (photoaging)
NHDF were co-cultured for 2 weeks, and the amount of melanin was measured. Data are expressed

as means £ S.D. Significance: *p < 0.05, **p<0.01

3-4, EE

B NEEFEITA O S IE B o E 2R T C e lEI N T B 7Y, £ I T,
1 TR L 72 & bE 7 AV RHEEF I O BIL B 2 Fl v C e R 2 B2 L. b
REIC G 2 D508 2 Gl L 72, &b 7 URHESR ML o BIL S < B5 2 L - iifiia i, &
L2 FFE L T WIESE 0 BIMLEs i & Tk L <@ oiliiasgsE, shikeiofk, 5o
v —CEETRBOBEMABHER I N, & bic, BT T AL & s L -k
KA T =VETNIE UVA RIBSTHRHEEFHIIG & RSB L 256 L L T A 7 = VEEARD
BRI N —J7, 2 v b — L ORHES MR O BILE 3 Fr i Bs i ic i L <F
BRI O TR S iz, & OFERE D 6 | SRHEDEI I E R 13 B o i
ZAMHICHIE 3 2 R F %2 50w LT 2 ATREME 3 2 b L7z, BT 7 AR g o
BEMEE X OREA T =vET VI T 2EHEE 2 % &, Jt&te 7 VMR IAE <
12O EHIE O AL INHIR T O 0 ME T, & 2 WIdiE LR % 0 L T 2 alREME S &
Abid, H2EOR» O, T T VML Tl COX-2 DEIRTHRIIDTUHE L
PGED /1 ¥E A3 R X T b (Fig. 2-1), PGEi3 Rl 2 3L T2 RFo—D2 2 L
THEIN TV B Z &b P, KBE T VAL O BILE 23 (3B AE % 56 (L &
#7220 T L LT PGE.DOHEMRE X NS, T HIC, CONI, 2 1FEIC X Y FHHHTT
T 52 &, CON R OFK & AEMEOMIEIEZ FHE T 2 L dbMEIN T2
1), HEA ' T AFRHEIFINZIC 351> T CCN-1 (CYR6D) D& T FHIA D JTESEZR X T
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% Z L2 b (Fig. 1-5a), CCN-1 b (B FEMILOTEMEICE G L - AlREERHE 2 b b,

52 BOFEED b TA (BT T ARMETFMIE D PGEAEA R Z I35 2 & bR X
NTHY, KECOOEMILEEMRT & LT PGE. DS A RRE NS, /-, TA &
AT 72 WREEER L 728 b 7T A BHESF I & S B L 2R X T = v =T Tl
A7 = VEEROTUESIIGI I N, 2 TA 23¢ELE 7 AVEBEERIIE O PGEFEA: %
MEIL 72720 Tlx 7 <. UVA SR IC X 2 fiEflao 2L ERB A IH L2 2 L ic
HERE L T B ARSI NS (3 2F),

3-5.

INHOFERD S, BT T AL OFEMICER T 2 2 L BRI Z
G LT 2 AlREE DRI X T,

TA X, BEAIE S CTw2 UVB WS SN/ 7 7 F /7 34 b O PGE. D& F & BAMlic X 2
L FRAIIEPE L THIE I B2k 3 2 GBS INHIRES 72 10 Cld e < 1B 1ERY 72 UVA BRI
X % RHESEMIAC 0 AT o F B, & o kBt 7 A RHES L O PGE T & K D
Mkl %N L7z, BRI OMTHREKZE T 2 AlReER R w72 Sz,
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FTA4E BRI LABTIF I)H L P DAS5 )V —LEBRBCRITHERL
FENRF ¥y BT F XOFR

4-1. #E

KIEDEFED 7 v X%, RMIEOMILEH, X 7 = v AR, B X OERMIE» >
TIFIFALYNDAT Y = LEHEDTTHED 30D FHER T v T EI NG, B
o7 7F 734 b~DAT 7Y — LERITENRBEIC XV ITEST 2 2 e BHmEI N
THY, TNEFENMCBE I N7 7F 7 34 P etaEMlgronibInst—1+77
A VAT, X727 74 vRFICLVFII SN T2, BRMIEOEECKFICIE, o
MSH/MCIR, SCF/c-kit, =¥ F2J ¥ /=¥ F+xY v-B Z#EMAE, HGF/c-met, GM-CSF,
PGE./EP Z &M EH3H 5 212, a-MSH I T DR 7 v 7 CEIMMBTR S Nz r 75 /7 4
A THATARIND, EHIRBRZ S N7 7F 7 34 + Tl Bk Z v X2 BHTH 5 7 m
A AT anF v (POMC) HEMRI N, BIFFERICK Y Tnws v 7 %75 2 LI
XV o-MSH 23] W Hid 2, o-MSH (ZtaZHEMLZ FI L T cyclic AMP/CREB & 7" F Vs
ErALC, MiEiEo i, BIREEOMEZFEST 5, I HIC a-MSH 13, EFAL 72 X
777 =25 MS) DOEMIEL LA 7 7F 7 94 F~OBEZHET 2 bEHEIh
T3 7,

—HRENC T T F 7 B A b ~DEIHRIERE 1. NADPH 7 ¥ o X' — ¥ OiE (L %38 L THiAY
W ROS L~ ZHIME &2 ™7, —J5, HEIMRBERRICHEI NS o-MSH O EKIZHIR
LHITHZ N-TF VL AT A VIC Lo THIfil TN E 2 e BME TN TS 7, K oT,
ROS (3 o-MSH K D5 & H: L 75 T RREIN D, TN DHEED L, EFEICERET L
% AHHEN ROS DN IZEIMRRE R ICHEE I NI KEOERMNE L SGET 2 -0 O
FRTHLLEZDLND,

AN L F v 7 2 OfEF 1T nuclear factor erythroid 2-related factor 2 (Nrf2) 3 27"+ MEiE S
I & o CTHIlfHl LT 5, Nrf2 13 Kelch-like ECH-associated protein 1 (Keapl) & # &8 % R
L CHIIEENICHEEL T3 28, Bj(L R b L REREE T Cld Keapl & fifffE L TRNICEEAT L.
Nrf2 O Tt 2 — F T\ % heme oxygenase-1 (HO-1), superoxide dismutase, catalase, and y-
glutamyl cysteine synthetase (y-GCS)72 &' DL F v 7 ABEELR T ORI 2 RiET 5 2 & TH
FELIC K 2 e DAL T WD 343 L7z23- T, Nif2 ¥ 7 Fm@E oGz Eo &
FNEEZ T, WET 20D MRNET 7n—FThHd L rfFEI N5,

E]:p]

PEFEA R F v 13RI A R F ¥ LT, RFEE CTH 5 @5 IREILHT O & <. #ioo
TANRDBEMDO—2TH 5, —J7, VEHI R T ¥ ORALS O T EEFEZEY & L UL
ENTEY, 2o DEWRIZEEFEEY OHIR & i EE o bic o2 %, &b,
EETIEZ 74 7 IAAH, EaofMNffifiz&Eo b0 LEHINTWS, £ T T,
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ARETIIZOTEFEARTF v DRALSOFH 7 OMHEY D Nief2 o~ 7 F i bicE ] L7z K
JERIE DT, SERIC O WCFHi 21T - 72,

4-2. KB
4-2-1. BFE

AREEEIUT Db DZMEML 72,

Blue and Red fluorescent beads; FluoSpheres® carboxylate modified 0.2 um (Invitrogen, Carlsba
d, CA, USA), 2°,7’Dichlorodihydrofluorescein diacetate; H2ZDCFDA (Merck, Darmstadt, German
y), Hoechst33342 (Invitrogen), Bicinchoninic acid (BCA) protein assay reagent kit (Thermo Fis
her Scientific Inc, Waltham, MA, USA).

4-2-2, BHFEHARF »BFTF X (RPS) DIEX

i EG-45 (Kalita) THHIEA R F v T2 L 7-1%., R 409 2 50% =X/ —n
IR 400mL N A, T 2 FERENE L 72, E#ic X 0 AR L AR Icoit L. v
— & ) —INF L — % —NAJ-160 (Tokyo Rikakikai) # AW CiFEEEE L, BV %57,
OB EEEADRF YT ¥ X (RPS) & LTI TFOERICHL 72,

4-2-3. HHREREE

NHEK % Humedia-KG2 (KURABO) % i\ THs# L 72, fEUKEE 1. 0.05 % Trypsin (77
747 A7), 0004 % EDTA (774 7 227) &8 PBS-#H\T 2~34337°CTA v ¥
2 _— b UAHRE % FIEE L 720 Trypsin iEPE 0 HFIKRICIE 2% FBS &F PBS-% w72,

4-2-4. UVB, OB L 727 7F 7 94 F DEEERE (CM) Z2RVWET 7F 794 b ~D
6 v — XELY A A

NHEK % 96-well plate 1Z 2.5x10* cells/well D@ CHEFE L 24 FFfEE5E L 72, RPS =
FREFHMH &ML . NHEK % & 512 24 FFEIRG B 21T - 72,
H0.ME 7%

24 WFEIRG#E %, HBSS T 2 [EPE#% L. HBSS T 500 uM (CFHHL L 7z H.0.% 1 W] NHEK
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~HREE X &, KB2 IR L THON 24 FFERTE L 72,
UVB W7z

24 Wi 81, HBSS © 2 [Mlki L, HBSS ICE#aL UV 7 ¥ 7 (Broadband TL 20W/12RS
lamps) % F\>C 20 mJ/em?2f85F L 72, & @ & &, NHEK % 96-wellplate IC 2.0x10*cells/well D
MA@ CHERE L 24 BEREIRGE L 72,
UVB, HOJBTE L -7 7F / 34 F okiE il (CM)
UVB. H.0.% g%, 24 K[l NHEK 25588 L 7= BiE# BN L 72, K58 B % & 00t L b
HOAZEILL ., UVB, HHOMEFTR L 727 7F 7 %4 PORELE (CM)E LTHEE—XD
BUA B BRI HE L 72,
HHE—ZXDT T7F )+ A L ~DEGAHR
0.004 %HHE— X% CMITHIML., & 52 U9 96-well plate IZf&FE L 72 NHEK D X7Hh & 2%
fal . 6 Wi # L7z, HBSS T2 [MPE% L 724, 1well 2472 0 50 uL @ 0.1% TritonX-100 &
A PBS- %M L T Twin Mixer TM-282 (7 X7 V)% VT 5 23R HR U MG A AR 2 S 4l
L7z 7L — b U — X — CHIIGIEMER O dOEREE  (Ex; 365/Em; 415) ZHIE L 72, % D%,
BCA Protein Assay Kit Z T X VX7 EREZITV, XV N7 &Y ) oty — XY
AHEEEHL 7,

4-2-5. MCIR / v 7 X v 7557 %4 + OFRH

NHEK % 48-well plate I 3.0x10* cells/well DHMiE%E CHERE L 24 FFfE5ETE L 72, MCIR-
small interfering RNA (siMC1R) % 7z (% random sequence siRNA as a control (siNC)% 100 nmol/mL
& RNAIMAX %A (iR, 5 2MEE) L. 20ul/well Fi0L T 48 FEfEE# L 72, MCIR
DL TFEIL Y T X2 4 L PCR &% W CHERR L 72,

4-2-6. Y T VZ A4 L PCRIE
RNA filith}

NHEKs % PBS-IC Tt L. RNeasy Mini kit (Qiagen)% {#H L T total RNA % i L 7=,
RNeasy Mini kit fTJ&D 7' + a1z S,
R G ROG

Total RNA & ReverTraAce qPCR RT Master Mix (x5) (TOYOBO). Nuclease-Free Water
(TOYOBO)% 2:2: 6 TiE#r &, Gene Amp PCR system 2700 (Applied Biosystem) % fii i L C
37°CT 30 77, 50°CT 577, 98°CT 5 73 DM CHHRG RILZ 1T, cDNA ZFHE L 72,
RT-PCR

Nuclease-Free water IC CAif L 72 cDNA % 4.8 uL, Power Up SYBR Green Master Mix (Thermo
Fisher Scientific) 5 uL. 7 7 4 ~—® forward ¥ X UM reverse % 0.1 uL 2, &&F 10 uL i<
75 % X 9 Nuclease-Free water IC THHEE L ¥ = M ITHHN L 72, Gene Amp StepOne RT-PCR system
(Applied Biosystems) % Fl 1> T, Holding Step50°C, 1 min, 95°C, 15 sec. Cycling Step 95°C, 3 sec.
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60°C, 30 sec & 40 ¥4 7 )L, Melt curve Step 95°C, 15 sec. 60°C, 1 min, 95°C 15 sec DT
RIGE &7, mRNA DFBl%, AACtEEZ AW THRIIL 72,

Table. 1 Primer sequence

Gene Forward Reverse

POMC CCCCTACAGGATGGAGCACT CGTTCTTGATGATGGCGTTT

Nrf2 TTCTGTTGCTCAGGTAGCCCC TCAGTTTGGCTTCTGGACTTGG
y-GCS TTGCAGGAAGGCATTGATCA GCATCATCCAGGTGTATTTTICTCTT
HMOX1 |TTGCCAGTGCCACCAAGTTC TCAGCAGCTCCTGCAACTCC

CAT TCCAAGGCAAAGGTATTTGAGCA CAACGAGATCCCAGTTACCATCTTC
GAPDH |GGGAAATCGTGCGTGACAT-3 CAGGAGGAGCAATGATCTC

4-2-7. MkEA ROS DHIE

NHEK % 96-well plate iC 2.5x10* cells/well DML T CHERE L 24 FFfEIET# L7z, RPS &
ERH & 2 L & 51T 24 WRREIES# % 1T o 72, NHEK % HBSS Tyiif L. HBSS IZT 20 uM
ICHHELL 72 H.DCFDA % & well ICHRIN L 7z, 37°C, 5 %COE OBEE T < 30 704 v ¥ =
X—}pt L7, 2D, 7L — b =X =2 THNIEE (Ex; 485 nm/Em; 530 nm) % {HlE L
720 0.5 %TritonX-100 I CHHlE Z &M% L T, Mg £ v ¥ 7 &% BCA Protein Assay Kit 1T X
DHE L7z, HIE LZHEmE L 2 v Xo@mh b, XV oN78H7- ) OfMildN ROS L ~v
rEBL 7,

4-2-8. FIEYEIC X B Nrf2 DBENBAT

NHEK % 96-well plate i 1.0x10* cells/well DHMiE%E CHERE L 24 FFH55# L 72, RPS %
GH I KG2 s L & 51T 6 I[HIEEE L7z, NHEKs % PBS- T 1 P& L. 4 %
RALT T e R 100ul %% well ICHRINL. 15 73 [EF#HE L CHIAE % E5E L 72, PBS-
TP, 0.1% TritonX-100 & PBS- Z ¥ L T T 5 0 MIEHE L &@LU % 17 - 72,
PBS- Ty, 1% BSA (Sigma-Aldrich) %A PBS- ZiRfI L CTEiR T 1 K& L. 7w
v ¥ v 7B % 1T 572, 0.05 % PBS-T CT¥Eif L. Rabbit anti-Nrf2 polyclonal antibody (1:250)
ML T4°CT—Mef v F 2=t L7z, 0.05%PBS-T ¥ % 7>, Biotin-conjugated goat
anti-rabbit 19G (H&L)(1:1000) Z 00 L CTEif, RBE T T2 KR4 v F 2 xX—1F L7, 005%
PBS-T % Iwell %7z 9 200 pL #H0 L CTHid% 3 [BfT\>, 0.3 % BSA & PBS- Cai#l L 7z
DyLight 650 conjugated Streptavidin (Thermo Fisher Scientific) (1:1000) % . 1well 2472 9 50 pL
WML CER, fDETF < 1 REREEHE L 72, 0.05 % PBS-T % 1well 2472 9 200 uL #i0L Tk
H% 3 [T\, 4 uM Hoechst33342 & PBS- ZiIIL CTER, RPE T T 30 A v F =
~_R—} L7, PBS- T 1 [MHPEHZIT W, SCBAMEIC CHRZ IS L 72,
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4-2-9. GSH D E&

NHEK % 96-well plate iC 2.5x10* cells/well D% L CHERE L 24 FEfEETE L 7z, RPS %
GH L7 KG2 LHEHsHf L & 51T 24 IFfEREE L 72, 0.1% TritonX-100 &4 PBS- % lwell
W79 100 uL I L CHIAA MR 2 T8 L 72, MHASVARHH D#2 GSH O L ~v %, GSH L
RO R—=XVHFA 2 ) v IT v dFEMEHCTERL, BCAProtein Assay Kit % >
2y EEERL, 2voNr@EY- )0 GSHEZ R L 72,

4-3. R

43-1. FIF )AL YDRAT )V —rEREECOWT

UVB 2l L 727 7F /7 A+ D CM THEELAET 75 7 %4 P Cliddtte —x ##M
MS) DHUY IAA RO FE AP HEZRI Nz, T HIC, HHOZ 7 7F /¥4 MITLEL T
FHEIL7Z CM THEEL 7 75 7 4 b Td, FERICHEN E— XDHLY iA K & OB A3
I N7z (Fig. 4-1a, b)o

o-MSH 13 POMC ZHilk{fk& L, 77 F /7 %4 b CcHK S, CRMEOME, 2 7=
PEE DRI, MIFE MS Dk & T T 7F 7 A4 F~D MS Bk Rl 2 & & A
INTW3, 22T, UVBBLUVH0ICIEZEINAT7 7F /34 P MS ERJUEDER
D—2& LT, a-MSH ICEH LEM%IT> 72, UVB, HLO.RFE%# {777 F7F /94 b
POMC DEETFHR MR L 72 & & AAERREOMMAB MR X 7z (Fig 4-2a, b)s X H
IZ, a-MSH % & ¢ 7- Humedia-KB2 CH;EL 727 75/ ¥4 F TR —XDHLY A
AE OISR X N7 (Fig. 4-3)s % 2T o-MSH OEZEERTH 2 MCIR %/ v 7 Xy v
W L7275 F ) %4 FicBnTHte — XDV IARMEZR 21T >72, MCIR / v 27 X7
Y7757 %A FTIEUVBBL UV H0MEHELLT 75/ %4 FDCM Tt L 28t Y
— XD AR TN T B Z LRI 7z (Fig.4-4) T o DOFERD G| LA
ML RIC XY EATTE S 72 POMS KD o-MSH 2837 7 F 7 ¥4 F D MS Bk Iic K & < B
HBELTw3Z eRRBINT,
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Fig. 4-1 Incorporation of fluorescent beads into NHEKS treated with CM prepared from
NHEKS exposed to UVB or to H,0,. NHEKSs were exposed to UVB at an energy density of 20
mJ/cm? (a) or to 500 uM H,0; for 30 min (b). NHEKSs were then further cultured in fresh medium
for 24 h to prepare CM. NHEKSs were cultured with a cocktail of the CM and fluorescent beads for 6
h, after which the incorporation of fluorescent beads was quantified by measurement of the
fluorescence. Data are expressed as means + SDs from five independent experiments. Significance:

*%p<(.01
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Fig. 4-2 mRNA expression levels of POMC in UVB or H;O; exposed NHEKs. NHEK s were
exposed to UVB at an energy density of 20 mJ/cm? (a) or to 500 uM H>O, for 30 min (b). Cells were
then cultured for 6 h, and total RNAs were extracted. The mRNA expression level of POMC was
determined using real-time RT-PCR. mRNA expression levels are expressed as means = SD (n=4) of

data normalized with GAPDH from four independent experiments. Significance: *p<0.05, **p<0.01
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Fig. 4-3 Incorporation of fluorescent beads by a-MSH-treated NHEKSs. NHEKSs were cultured

(@)

150

Fluorescent
beads

F.I./ pg protein(% of control)

with a-MSH and fluorescent beads for 6 h (a). after which the incorporation of fluorescent beads was
quantified by measurement of fluorescence. Data are expressed as means + SDs from five
independent experiments. Significance: *p<0.05. Representative images of fluorescent beads

incorporated into NHEKSs (b), red: fluorescence beads, blue: nuclei, scale bar; 100 pm
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Fig. 4-4 Incorporation of pseudo-melanosomes (fluorescent beads) in MC1R knockdown
NHEKS treated with CMs prepared from NHEKS exposed to UVB or to HO,. NHEKs were
treated with si-control or si-MC1R (100 nM) for 48 h, after which the MC1R mRNA expression
level was determined using real time-RT-PCR (a). Data are reported as means + SD of twice
independent experiments. NHEKs were pre-treated with si-control or si-MCI1R for 48 h and then
were exposed to UVB at an energy density of 20 mJ/cm2 (b) or to 500 pM H>0O» for 30 min (c).
NHEKSs were then further cultured in fresh medium for 24 h to prepare CM. NHEKs were then
cultured with a cocktail of each CM and fluorescent beads for 6 h. Incorporation of fluorescent beads

was quantified by measurement of fluorescence

4322, IR F ¥ BT F X (RPS) D UVB R H.OBBICI WV LET BT 7F /) %4
kD MS B EREMIGHIIR

RPS ZHIAUE L, ZD%IC UVB KU HoO. BT L 727 7F 7 ¥ 4 + ORG8E LiF ol
L7er 25794 PRty —XogRas il s 2 & 23R S 7z (Fig4d-Sa,b),
X LT, RPS ZHIMLE L, ZD%IC UVB KU H.0:%BF L 727 7F /%4 F ® POMC O
BIRFRBEAMR L L 25, BREBERFABUTEOIIGI AR S 1172 (Fig.d-6a, b),
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Fig. 4-5 Incorporation of pseudo-melanosomes (fluorescent beads) in NHEKS treated with
CMs prepared from NHEKS exposed to UVB or to H,O; after pre-treatment with RPS. NHEKSs
were pre-treated with RPS for 24 h and then were exposed to UVB at an energy density of 20
mJ/cm? (a) or to 500 uM H,0; for 30 min (b). NHEKSs were then further cultured in fresh medium
for 24 h to prepare CM. NHEKSs were then cultured with a cocktail of each CM and fluorescent

beads for 6 h. Incorporation of fluorescent beads was quantified by measurement of fluorescence.
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Fig. 4-6 POMC mRNA expression in NHEKSs treated with RPS. NHEKs were pre-treated with
RPS for 24 h and then were exposed to UVB at an energy density of 20 mJ/cm? (a) or to 500 uM
H>0, for 30 min (b). Total RNAs were extracted form NHEKSs after further culture for 6 h. POMC
mRNA levels were quantified using real-time RT-PCR. POMC mRNA expression levels are
expressed as means + SD in four independent experiments after normalization with GAPDH.

Significance: *p<0.05, ***p<(0.001

4-3-3. RPS DA ROS ~DEH

RPS % 24 WSV L 727 7 F 7 %4 Tl 500 ng/mL DL THINEHN ROS L ~ L DK
TOMEZR I NTz, X BHIT, RPS % 24 IFEIATALEE L. RPS Z 552> HERE L 72121C H.0.%
B L7-7 75 /7 %4 PicbBoCGEEKRENZ2MIEA ROS oiflzhE %R L7 (Figd-7).
CORER LY. RPS IZMIEN PR > 2 7 L3858 % £ L 72 N ROS ARG A 7R LT\
% WIREME AR X 417z,
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Fig. 4-7 Intracellular ROS suppression in NHEKSs treated with or without RPS after H,O;
treatment. NHEKSs were cultured with RPS for 24 h. After preloading NHEKSs by incubation with
H,DCFDA for 30 min, cells were further cultured with or without H>O, (500 uM) for 30 min. After
lysing, the fluorescence intensity of each lysate was measured (Ex; 485 nm, Em; 530 nm).
Intracellular ROS levels are expressed as F.I./ug protein. Data are expressed as means + SDs from

five independent experiments. Significance: *p<0.05, **p<0.01, ***p<0.001

4-3-4. RPS DAMEAHEL R ICH XITTHR
—REICHIIEN DL Ky 7 2% H > Tw 3 D28, Keapl-Nif2 & 27 L TH 3, RPS I3,

H0, & 47 L Zn Wil s #2551 T i B CHlAIEN ROS L~ L DiIfiC iR 2R L 72 2 & 2>
5. Nif2 O ¥ 7 F A DOiEHAL 2RI & L7z, RPS (3. Nrf2 DEENBATEIET C & 3R &
Nz, EHIC, RPSZUVE L 727 7F /%4 D Nef2 DB THIHE, ) T A% A4 L PCR
FEx MG THIE L 72, RPS X, Nrf2 OEE RIS HEICHEM L 72 (Fig. 4-8a,b). 5E KT
TH 5 Nrf2 FEENICHEITT 2 2L T ZOTRICa— FIhTw 2 Hii{LEEER T 0 ¥
WOFEEINS, £ T, HO-1 & y-GCS DB TR LMIANE I V2 F4 v BOERER
fTo72e RPS UL 727 7 F 7 4 b TlE, HO-1. y-GCS DEL T FIA D JUHED TR X
N7z (Fig.4-9a), [FERIC, RPS ZE L 727 7 F /7 4 F TIIMIENOR IV 2 F4 v Eh
RPS DIEFHKAFHICHIAN L 72 (Fig. 4-9b),
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Fig. 4-7 mRNA expression and nuclear translocation of Nrf2 in NHEKS treated with RPS.
NHEKSs were treated with RPS for 6 h, after which total RNA was extracted (a). The mRNA
expression level of Nrf2 was determined using real-time RT-PCR. mRNA expression levels are
expressed as means + SD of data normalized with GAPDH in four independent experiments.
Significance: *p<0.05. Representative images of Nrf2 nuclear translocation in NHEKSs treated with

RPS for 6 h (b). red: Nrf2, blue: nuclei, scale bar; 100 pm
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Fig. 4-8 Intracellular GSH and y-GCS, HMOX1 mRNA levels in NHEKSs treated with RPS.
NHEKSs were treated with RPS for 24 h, after which the y-GCS and HMOX1 mRNA expression
level was determined using real time-RT-PCR (a). Data are reported as means + SD of four
independent experiments. NHEKSs were treated with RPS for 24 h, after which intracellular GSH
levels were measured (b). Data are expressed as means + SDs from five independent experiments,

Significance: *p<0.05, **p<0.01
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4-4. B

UVBB XUV H0ZBELZT 7F /A PO CM THE L7 7F 7 %4 b Tl HHL
MS TH ZH M —XDERVITHET 5 Z & PHEZ I N7z (Fig. 4-1a,b)e TORER LD, %
WBTRICX 27 7F 7 94 PO MS ARAETEICIZ, EIMRIC X Y ER X h7z ROS A3
HLTWwW3Z EXRRBEINTS, ao-MSH 13, UVB 5L U HROMBFEICX V7 7F /%4 b
DRWHBITET B Z ERMEINT VS, FHFE, UVBBLUV H0MEEEZT 75 /34 +o
o-MSHHIEK % v %7 TdH 5 POMC DB FFHBLZ TS 5 2 L 2 HER S L7z (Fig. 4-2a,b),
X5HIC, a-MSH 137 59F /%4 Fo#N e —XOEEREL AEICHEME ¢ 5 2 & 23R X
7= (Fig. 4-3)y COFERFEZFTL® DL, FIFPLROS ZT 7 F /¥4 b D o-MSH DAK
ZlREL, o-MSH 284 —+ 2 74 VINICT 75 7 %4 P~ERIS 2 2 itk ity —X
DEBHREZJUEL TV 3 A[EEMEDRE 2 b B,

% Z°C, RPS ZLH%e, UVB BLX U H0MBHE L 727 7F /A FtDCMICK B, 775
J YA oY - X EREEFMER L 72, RPS ZHIIEL, UVB 3 X U HLOMEFTE % 17> T
ERRL72 CM ZHOWCHEE L 727 7F /7 3 4 b Tl e — X0 ERITEDE B ICHIH] <
M7= (Fig.4-5a,b), 5T, RPSIZIUVB B XUV H0:2BFE L 727 7F /%4 + TS 2
POMC D& f{n T-FI1 b Il L 7= (Fig. 4-6a,b)e RPS ZALIRL 7247 7 F 7 %4 b TlE, EHIK
REDMIBEA ROS D 23R S . & 5 IC HO-MRFZ I X 0 849 2 MIAEA ROS i<t LT
IMEIEH R 28 L7z (Fig.4-7)0 MIZICHLE L TV 338D RPS ICIT H:02 B FE XS T U7
NDMERIZEI RV AR INT WS Z L5, RPS IZHIIEN DHiiE % % S 1E(L
T TWBIERREEINS, 22T, MIlANL Fy 2 2%2GfIL TWw3 Nrf2 12\ CHE
Au{To72e RPS ZUIBLL 727 5 F 7 % 4 Tl Nif2 DIEWNEAT DT &8I T FHIA oY
IAHER T (Fig. 4-8). T HIT Nrf2 O FHiIC 2 — F T % HO-1. y-GCS DEIL ¥
HOTTHE D MR X L7z (Fig. 4-9). TNHOFER L Y RPS IZHlEHN O ftlefl. > R 7 L % 3
352 LT, UVB BLU H0.T/LiET 5 POMC DB TFRREMGEIL 7 7F /7 ¥4 +
DHLE —XFEMGNCHIREZ R L FEZLND,

4-5. f&m
DlEotRsE e, RETEIUVBREFICLZMS DT 7F /7 34 F ~OBIEIC
ROS IC X W KRR X 1% o-MSH 23B85- L T\ Z &, RPS IE Nrf2 /7%»%{3@1[:
LNy AT 22T 22 LX) MS D7 7F 7 %4 b ~DBiE%2 i+ 2
AIREER R E NTze T HIC RPSIEMS D7 FF 7 ¥4 b~k %l 32 2 & ctRkik
EOHHREBI 2 5EBH & LTERHTH 3 [REMES RS Nz,
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BSE FI2F794 P EALEGRDPRICNT 2
o- F 27 = v — VIEHRR T 2 7 v O HIHIRHR

5-1. #8

Z N EBE (Solar lentigos © SL) & HY¢~DREEJEREICIS U CREICBEE/L L, JeEfL
KE oA KRR O —~20ThH 5, KENHICE TN EIMUITEEREOBN n 4 =
I—X—TdHY, KEOOHENED FELFERRNTCTH 5, RIFOEREICHNT 5 ROS D
WEITL CMEINTEH Y, ROS F 72 3 EIMRIEER IC X Y BT 5 PGElT sl D 1
JEPBHR DR, A 7= v AREBINX 82 2 LB HEINT VWS B, X 5T PGE,
X, A7 7V —r0tHEMIELr L7 7F ) 4 F~OBXEILES R L b HEINT
W30, INLDEELL, KFDOEFEINE T v AICIZROS 2B EHE L TEH Y Hilk
LA ERLENHF L LTEHTh 2 EEx N T WD, FE, X AL NLPIEELAIT
HHTAANVEVE (X IV0) LZOFEERIMERIEAL LIRLFHINATY2
8D, —J5, iR £ I vo—fThbo-ba7xu— (EX IV E, VE) & ZDFEK
1. BB LIct 3 2 MR EE R RO 7O ICEHPLIERIC IS X h 5 28, FitaZEH
ELTCOEHPNERRIZEAEMEINTEL T, JIORLEA L L o~ lils
bAhINTwARV, o-b I 720 —AF A2 F A+ v OEEERTH 5 y-GCS BT FH
FEMX G2 ERAMEINTHE 22D 2, g b 37 x v — 3 LFERTTER LRI I
Iz CTHURALIE ] &2 £ Aricasfb 3 2 et me S s, ThoDFEEL L, a-F a7
A= APLZDOT AT VAL KO ERINEE T, WET 2R fFE N5,

HiY

ARETIZ, V) —ABEEEE (8% L) CEBRAHKOBEREIIE T 27 (L&
N7zbaz7xzw—LIT X7V (VEFA) OBERENHA L Lotz iHiid 2 2 &
THBE L7z,

5-2. KB
5-2-1. #AHE
REVILLT oD DEMHL 72,

o-F T 7 2B —A T RFN; VEFA (=27 I h L7 — AKX E&H, HA), Blue and Red
fluorescent beads (FluoSpheres® carboxylate-modified 0.2 um) (Invitrogen, Carlsbad, CA, USA),
2’,7’-Dichlorodihydrofluorescein  diacetate (H.DCFDA) (Merck, Darmstadt, Germany),
Hoechst33342 (Invitrogen), Bicinchoninic acid (BCA) protein assay reagent kit (Thermo Fisher
Scientific Inc, Waltham, MA, USA).
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5-2-2. HHfEEEE

HaCaT 7 7 F / %4 b % 5 %FBS & DMEM %\ CHi# L7z, 1EH b b XL OEM
g (NHEM) (KURABO) (%, Medium254 (Thermo Fisher Scientific)iC HMGS FrEMEFEAS A &
v I (KURABO)Z I L 7= 353 TR L 72, MEAUREERIX. 0.125 % Trypsin, 0.01 % EDTA &
A PBS-% 1 [z LR U MRS % B L 72, Trypsin 761 O FR1#E IS 12 1 %FBS & PBS-
PHW,

5-2-3. HaCaT 77 75/ ¥4 r OBt ciEE L 7= R iE o Mg s L OeHRZE D
iR

HaCaT 7 7 7 / %4 b % 96-well plate I 3.5x10* cells/well DM EE CRERE L 24 FERERS
#L7-, VE-FA & FRH L 53l X 6ic 24 W& %, UVB 7 v 7 (Broadband TL
20W/12RS lamps) % H\>T 40 m)/cm?D W58 )E C HaCaT 7 7 5/ ¥4 F ~ UVB I 21T
o7ze BTV AV FEET R\ Medium254 B & 2 L 24 RefEIEGEE U BIMEES 2 fFRk L
720 NHEM (%, 96-well plate I 2.5x10* cells/well DMIAIRFE CHERE L 24 F5fE5TE L, HaCaT
7 I7F 7 H A+ oFIHLE I EL S X 5T 24 BEIRGES L 2, MIfEHESEIE MTT 7 v &4 %
v, BkEEoMEIR ALV A V-AM ZH W TREEZITWHEIE L 72,
MIT 7 v A4 ik

NHEM % 0.4 mg/mL ® MTT % & & Medium254 % T, 37°C, 5 %CO51F T T 2 ]
AvFax—1 Lk, BEbERER, AV 7oerTra—vE2RKNL 10577 —
2 VEITWER L7 s =3 v 2dhiif L7z, iR D 550nm & X T 650 nm 1 351 2 WOk
FExRWE L, 20750 % v CHlIgEME 2 B L 7,
St A4 V-AM Gt

NHEM #% 1 ug/mL ® 71k 4 ¥-AM &H HBSS T 15 43[4t % 1T - 72, Floid Cell Imaging
Station (Life Technologies) THOGHI{RZ iz L. ML D F.0 2> b BHRZEEE s £ T o %
HIE U7zo WHiEIE 4 © 0 BEMEHEEF 2> & 10 Ml d o4 40 Mz HIE ZfTWEH L 72,

5-2-4, HaCaT 7 75/ ¥4 F ke —XEY AAH

HaCaT 7 7 F / %4 } % 35 mm® dish T 9.0x10° cells/well DMIAELEEEE CHERE L 24 FEfELT
#H L7, VEFA &AM L 2L X 5ic 24 W5 # %, UVB 7 v 7 (Broadband TL
20W/12RS lamps) % FH\>T 40 m)/ecm? D WU 58)E C HaCaT 77 75/ ¥4 b~ UVB B % 1T
72, FBS Z& % 72\ > DMEM 5l & 22 ffa U, 24 Wefilis 85 U CBIMLEEH 2 Bk L 72, BILRS
iz Do L BiED A% B L 72, BIMEEHL F3E~ 0.004 %EC e — X Z2immL ., #iL <
2.0x10* cells/well DI CHEFE L 72 HaCaT 7 7 F / 94 + ORGH & e L 6 Weftijisas
L7z, HBSS T2 [B# L 72, 1well 4729 50 uL D 0.1% TritonX-100 &H PBS- %7/
L T Twin Mixer TM-282 (7 X 7 ¥ )& F\ T 5 [ LHlea i 2 3l L 7z, 7L — b
Y — & — Gl BiA R O SR (Ex; 365 nm / Em; 415 nm) % HIE L #HE v — XD HGA A

61



B KO-, Z D%, BCA Protein Assay Kit % F > THIUAIER O & v X7 EBEZITWV, X
vy M) Qe - XD Y IALEER B L 72,
H.0.M% 7%

24 FEEIRG £, HBSS T 2 [P L. HBSS T 500 uM (ICFHHEL L 72 H0:% 1 WERAIERE X
. DMEM IC53# U CH O 24 BEREETEE LBIME RS2 ERR L 7=,

5-2-5. PGE.E&

Prostaglandin E2 EIA Monoclonal Antibody (CAYMAN CHEMICAL COMPANY) % T,
{LE5H @ PGE& % #IE L 72, BCAProtein Assay Kit ZffifHL CX v X/ BEER L, &V
Ny BB D PGEREFM L 72,

5-3. MG
5-3-1. HaCaT 7 7% 7 ¥4 F OffildA ROS L = icxt 3 5 fEH

VE-FA DPEILIER 2 5Hilid 2 729 1C, UVB %7213 H.0:ICHEFE L 7= HaCaT 7 7 F / 4
A MicE T 2N ROS L~ L ZHIGE L 72, 50 %7213 100 pg/mL @ VE-FA % 24 R AL
M L7z HaCaT 7 7 F 7/ %4 F Tlx, UVB, H:0.-~DIEFE% I LH 3 2 #ilZN ROS L~ D
AR AR R HERR X L7z (Fig. 5-1a, b),
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Fig. 5-1 Intracellular ROS levels in keratinocytes exposed to UVB or H202. Intracellular ROS
levels in keratinocytes pretreated with 0, 50 or 100 pg/mL VE-FA for 24 h were measured by the
fluorescence of oxidized H2DCFDA loaded into cells. After lysing the cells, the fluorescence
intensity of each lysate was measured (Ex; 485 nm, Em; 530 nm). Protein levels in each lysate were
quantified with a BCA protein assay kit. Intracellular ROS levels are expressed as F.I./ug protein.
Data are expressed as means + S.D. (n=5). Significance: *p < 0.05, **p <0.01, ***p <0.001. a)
Keratinocytes were pretreated with or without VE-FA as noted, then exposed to UVB (40 mJ/cm2)
and loaded with H2DCFDA for 30 min. Intracellular ROS levels were measured after further culture
for 6 h after UVB irradiation. b) Keratinocytes were pretreated with or without VE-FA as noted, then
loaded with H2DCFDA for 30 min and then exposed to H202 (500 uM). Intracellular ROS levels

were measured after further culture for 15 min.

5-3-2. BaEMAE DO L BHRERE DR

HaCaT 7 7 F /7 %4 b O3 2 RT3 e FEMaiG EL ic JAF 3ERIC 3% VE-
FA DR ZMZ T 2 2 L 2 HE LT, BRMEOHEIM S X OBHRGEME 2T L 72,
UVB %Mg#E L 72 HaCaT 7 7 F / %4 b OFIHLEHC©H 2 L 7= U3 AE (A R il 23 T Uate
L. BRREE O HEL L X L7z (Fig. 5-2)s — /4 C. UVB BREEHTIC VE-FA T 24 Ffik5#E
L7z HaCaT 7 7 5/ ¥4 T OHILE 5 L - FEMINE < 1L, #hils X CBHREE oM
oWl 2R &z (Fig 5-2).
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Fig. 5-2 Proliferation and elongation of dendrites of NHEMs treated with CM prepared from
keratinocytes exposed to UVB. Keratinocytes were pretreated with 0, 50 or 100 pg/mL VE-FA for
24 h and then were exposed to UVB at an energy density of 40 mJ/cm2. CMs were prepared by
cultivating the cells in Medium 254 for 24 h. NHEMs were then cultured with each CM for 24 h. a)
Proliferation of NHEMs was examined using the MTT assay. Data are expressed as means = S.D.
(n=4). Significance: *p <0.05, **p < 0.01. b) Elongation of dendrites of NHEMs was observed with
a Floid Cell Imaging Station after staining with calcein-AM. Lengths of dendrites of NHEMs (40
cells) were digitalized with image analysis (image-J). Data are expressed as means + S.D.
Significance: *p < 0.05. ¢) Representative photos of NHEMs treated with each CM. scale bars; 100

pm. Photos at the bottom are magnified images of the areas indicated by the white boxes in the

photos at the top.

5-3-3, HaCaT 7 75 7 %4 F #H e —XDHL Y A A

UVB ¥ 7213 H:0.M¢FE % D HaCaT 7 7 F /7 ¥ 4 + OBIHLEFHIC X 2 HaCaT 7 7 F / ¥ 4
FOHE Y — XERREICHN T S VE-FA OZNREEH~2 2L I1Ic kY, HaCaT 7 7 F /7 %4 b
DAZ Y= LRUABICH T 5 VE-FA DR ZMEZR L 7. UVB F 7213 H.0:ICHEER T 1172
HaCaT 7 75 /7 ¥4 + DEHLIEHIIZ., HaCaT 7 75 / ¥4 FO#HMI L —XDEBETHEIC
BEME 7z, 100 ug/mL @ VE-FA T 24 FFERTULEE L 72 HaCaT 77 7 5/ ¥4 P TIERK L 72
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Bifeisiticid, sty — X0 B RITEFIIH T 5 & L HERE S Lz (Fig. 5-3),
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Fig. 5-3 Incorporation of pseudo-MSs (fluorescent beads) into keratinocytes treated with CM
prepared from keratinocytes exposed to UVB or to H,0:. Keratinocytes were pretreated with 0, 50
or 100 ug/mL VE-FA for 24 h and then were exposed to UVB (40 mJ/cm?) or H,0 (500 uM) for 30
min. CMs were prepared by cultivating the cells in DMEM for 24 h. Keratinocytes were cultured with
a cocktail of each CM and fluorescent beads for 6 h. The incorporation of fluorescent beads was
quantified by measuring fluorescence intensity and was observed with a Floid Cell Imaging Station.
a) UVB (40 mJ/cm?), ¢) H20; (500 uM) for 30 min. Data are expressed as means + S.D. (n=5).
Significance: *p < 0.05, **p < 0.01, ***p < 0.001. b, d) Representative photos of fluorescent beads
incorporated into keratinocytes cultured with CM of UVB-exposed or H,O2-exposed keratinocytes,

respectively. red: fluorescent beads, blue: nuclei, scale bars; 100 pm

5-3-4. HaCaT 7 7F 7 ¥4 F 0 #HN v —XEABRICHN T 5 PGE.OXIE

PGE(3E{L A M L RS T CHaCaT 7 7 F / ¥4 T X o THK I W 2 ISR E ©
H %, 4lal, VE-FA DIEAEFD—2 & LT PGEACE R % Y THET 21T 5 72, ¥]9 IC PGE:
DHaCaT 7 7F /A L DX T )Y —LERICKITTE LR L 72, 10 £721% 20nM @
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PGEAF/E F TR I N7z HaCaT 7 7 F / H 4 b IZH N — XD Y AL HREICHML 72,
Z DFERIZ PGE2A HaCaT 7 7 F /A DA TV —LEBICHGE LTS Z L Z2RE
L 72. RIC UVB Wg§E1% D HaCaT 7 7 F / ¥ 4 + @ PGE W EDHIE L . ZhITHi4 % VE-
FA ORIREMEZR L 72, UVB BREHR D PGE.O W EITAEICHEML., VEFA X ZhEHE
3% 2 & AR I Tz (Fig. 5-4).
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Fig. 5-4 Incorporation of fluorescent beads by PGE:-treated keratinocytes and the levels of PGE>
in UVB exposed keratinocytes. Keratinocytes were cultured in DMEM in the presence of 0, 10 or 20
nM PGE; and red or blue fluorescent beads for 6 h. The incorporation of blue fluorescent beads was
quantified by measuring the fluorescence intensity and was observed using a Floid Cell Imaging
Station. a) Incorporation of blue fluorescent beads was quantified by measuring the fluorescence. Data
are expressed as means + S.D. (n=5). Significance: *p < 0.05, **p < 0.01. b) Representative photos of
red fluorescent beads incorporated into keratinocytes. nuclei stained blue with Hoechst 33342, scale
bars; 100 um. c) Levels of PGE; in the CM of UVB-exposed HaCaT keratinocytes pretreated with or
without VE-FA were quantified using an ELISA. Data are expressed as means = S.D. (n=5).
Significance: *p < 0.05, ***p < 0.001.
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5-4, B

ARETIE, VE-FA 28 UVB UEFZIC X % HaCaT 7 75 / ¥4 P ot e—X A 7
Y —2) O IAZZIH L, GFEMIEOEE Z HE S 2 #8078 E L7z, I IE ROS
DIRNA =V T =X —THEIEPWEINT B L5, ROS 2SI D MRS ICHE
LTS L Tw3eEZLNTWS, —fRIVIC, P37z — AT ATFAE, Z7u< B
O OH EPIILIEFH 2 RIET 22 L 26, 2D OH DKER T AT ALIC X o ThbIL D
oPiBLEEEZLS L3 NTw3, 2070, W] UVB 7213 HOICER I N7z
HaCaT 7 75 / %4 F ODMIIEN ROS L RV %R T 52 T7FrEe X IV E L LTOD VE-
FA DR %R L 72, VE-FA ZHiALEE L 72 HaCaT 7 75/ %4 + Tlx UVB % 72 13 H.0.1C
L0 EAT 2HMMEN ROS L~ A2 HEICHIHIT 5 2 L AR I L7z, RIT, HaCaT 7 7 F
J ¥ A b HSRIRERTIC X 5 RS EC N3 5 VE-FA @xﬂ%%ﬁﬁé; L7, VE-FA %
HALEE L 7= HaCaT 7 7 F /7 %4 T OBIMLEHLIZ, UVB BRE2 1< X 2 Mgl & fhik 2EiEE o fh
RE2IH L7z, 51T, VE-FA 12 UVB 5 X N HLOMEFZI1C X 0 JUitEd % HaCaT 7 7 F / %
4 F oty - X0 ERMHIMEEZ R Lz, UVB B X U H.0.M#& HaCaT 7 7 F / ¥ A4 b
O I NBRERT & LT PGEAH 5, £ T T, PGEALM L 72 HaCaT 7 7 F 7 # 4 b
FH - XOBERPEREICHNT 2 2 L MRS, /2. VE-FA © UVB H%E'é?fﬁ@
HaCaT 7 75 / %4 F OB} 5 PGEAEAERZMER L 7L 2 A, VE-FA I UVB BEEZIC X D

9 5 PGE.Do3ih & M5~ 2 & & AR & L7z,

5-5. &

INHLORERE T DB L, VEFA 1Z UVB BF% D HaCaT 7 75 / %4 F TS 5
PGE b 2 il 32 2 &<, MG s K U HaCaT 7 7 F /%A P DX T )V —
LERZIMH LITEREIER L L CEMARARRENRINT, TINbD X A=K LT
VE-FA Ol ROS #IfiIEhRIC X 245RTH D EFEZ LN 5,
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FOE Wi

TR 75 RN D R 1B WP FMITS BRI IER T 5 2 e TRIN S, AT, F
ERICEEE Y RIS TR TH 2, HENRREOMFFIIERL L IcH L L VIR
fthFICE 252 b, HETHSE A LWKERMERT 2 -0 0fi8LA X v 7 T3k
EDT—<THb, FD=DICiE, FHEEDA =X LEZBHL, 2D A5 =X LICHIG
TEAFVTTRIE., ET 22 P08 THY ., 2R, A4 D ADL (HHFAEIEHIF)
® QOL (3G DE) Diffeds - 1l LicE»rz Lt FEzohd,

B X AR O RIMNEICIIE T 5 2 & ©, MV ARERFICEICREI L C» 2Rkt
Thd, TNETOMFRIC LY EEENIZREEAROEIFIC X VRTINS Z L AHS
HICINTEY, ZhooEfbimmimictE s B XAl L Tl LTERI AT S,

AWFZEIE. UVA Z BRI L o RB 2 5681 L 72 8 e 7V HRHEESF G % 1
L, HEAE GO TH 527, EROEE 20, G2 2 Ml oH A
ERZHL AT L, 2RI T 2 UERZIRET L2 L2 HINE LT To %k, T HiC, A
TRIZUVBWEE L7277 F /734 b~DMS DEEICE T LT 7F /7 %4 b DRuwbkn DA+
—F 274 VINBIER. 7757 A4+ & aEMEOEEERICER L 72 B0 o i
X PUCERDIRED HIVE LTiTo 72,

H1ETIX, UVA %l L 72 e o T E 2L 2 B & 221 LB = 7 VHRHE
FEHE L LT ORI TIEETH 2 222D W T DMEE 21T - 72, UVA % 3 J/em>® I
SPEEEICC 1 H 1AL 4 HEREGHRS U 72 $HEESFIIE X SA-B-4 7 27 b v 2 — ¥ D5 1EHig
DN %R U 7zo A5 MG &l L <. Sl ik oI < 1. MRS o B4TiERE ) MK
(2T eMEINTED, O ITHIHRENIAMET LMIldTld SAB-H 7 7 by X —%
BGPER S HEINT 5 2 E BRI N TS, X o T, BIHREDIK F 2 % Lol E & LTE 2T
Ki. SA-B-#7 7 F v 2 —¥oGERIIMiEEt~— - LTRHMI L TnwE, 2Dl
7> B IR UVA % TS U 72 SRMESERIIE C AR Z LB E S hTw 3 2 e 83w b Tz,
X HICHEEIE UVA BRSS L 22 fEEfifE <k, Mg L Fy 7 2% 4ilffll 9 2 Nif2 & gt
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