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AX : Astaxanthin

COX2 : Cyclooxygenase 2

DCT : Dopachrome tautomerase

DMEM : Dulbecco's modified Eagle's medium
DMSO : Dimethyl Sulfoxide

DTT : Dithiothreitol
END1 : Endothelinl

FBS : Fetal bovine serum
FM : Fontana Masson

GAPDH : Glyceraldehyde-3-phosphate dehydrogenase
GM-CSF : Granulocyte macrophage colony stimulatory factor

HEE : Human epidermal equivalent
HE : Hematoxylin and eosin

HM : Human melanocyte

HPK : Human primary keratinocyte
HPR : Horseradish peroxidase

IKK : Inhibitor of kappa B Kinase
IL-1a : Interleukin-1«

IL-6 : Interleukin-6

IL-8 : Interleukin-8

I«B : Inhibitor of kappa B

L-DOPA : 3,4-Dihydroxy-L-phenylalanine

LPS : Lipopolysaccharide

MAPK : Mitogen activated protein kinase

MBTH : 3-Methyl-2-benzothiazolinonehydrazone Hydrochloride

MITF  : Microphthalmia-associated transcription factor

MSK1 : Mitogen- and stress- activated kinase 1 activated kinase 1
PBS : Phosphate-buffered saline

PCR : Polymerase chain reaction

PFA : Paraformaldehyde

PGE: : Prostaglandin E2

PMSF : Phenylmethylsulfonyl fluoride

PTCA : Pyrrole-2,3,5-tricarboxylic acid
PVDF : Polyvinylidene difluoride membranes

ROS : Reactive oxygen species
RT : Reverse transcription
SCF : Stem Cell factor

SDS-PAGE : Sodium dodecyl sulfate polyacrylamide gel electrophoresis

TGasel : Transglutaminase 1



TNF «
TYRP1
TYR
UVB
WFA
siRNA
a MSH

: Tumor necrotic factor- «

: Tyrosinase-related protein 1
: Tyrosinase

: Ultraviolet light B

: Withaferin A

: Short interfering RNA

: o melanocyte stimulating hormone



BIE FEim
B BB UVB AL T RERE

HERIZRE D R R ERRIT, AR X222 5 8 NEICSESERBEZE2Z TS
i, KEEAFICE ENDEIRIIEEERELZ 52952 LB EMOEIETH H, HIRIX
AW EEIERIC X » TEEE %4 (UVA ; 320~400nm) . % E %4 # (UVB ;
280~320nm) . I F LR (UVC;190~290nm) |, EZ2LE4M#71(100~190nm) IZ 438 S v,
FOHTH UVC T4 Y vE TN S FICBZE LW, i EIZRET S R/DMERETH
% UVB IR RIER S, FRLERIR, ek, HERAR EE2FI & AW FENER
PRER,

TN DM OB R 25 DR BEEZ B X AR E T 2 &H 2 FF->T\Wb, =
DG ANY) THRIEOREEHE DV DABEZIERIE L RLICIT, REMRTHL 75
YA IR EESI L, AlEMEEIXE T I FEEkg & T2 MaMiEE iz i, K
SRR END Z LI 0 EERBEREL > TV 5 (Fig. 1), 4RI S 72 BB TIEKE
FIGRe A T =V EEADOIEER EREBIG E LTHEREND, A X DR EDORIEIT Y
FF VA SRS WT DERIEMEY A P IA AT K VRER - [N - BADPEL D, OELER
SRS S ARSI UVBINCBRFE SN2, 7 F ) A MREETDHIRFICE D, FELic
FHETDAT )V A MEEMBO —2)RNEHILEND Z Ltk THI &SR S5, EIK
BIE S S CTH DT T DO NS DORIS b IBRIC /2 5 L 2 JERE L 72 5 (Fig. 2), 8 XA MR
DD DORAIRIREME CTH D EREFFIZ, NOARBEMEEZRESTHHMECLHIPZ, KX
JEREEOMAIIIRL TH Y THRWENTIEEI N T VD,

ORI LD EEEO —FO T RITEIMCEE 2 SN2 L THh D0, HEAER
WCBWTRERIZEIRZER T2 DIXRETH 5, Zd 28 HMED @ BB R 4
i EEMFOREIAFNRD G D, LB R OEESSHORBICH -0 B EE
OB SN SEMERE OB E BNILN > TNDE, BIEBRIZE > TIRODE - Dhe - &
AN C & 2 EBROHBEN NN D,
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#1H UVB FHOKEDORIE

AT L VR SN A AEIE. THEET (Sunburn)] & DEBBEUE] © 2 520 5, i
FIXUVBIZL gl &l Z &, %&1T UVA IRE & BEMER S 2 WV IT3EA 7 i X 540K
BWHRIZEVAELS, UVB ICBREBEESN-AETIE, EFKUERIESA P IATHD IL-1
a kO TNFa X7 7 F /A b BoWSn2d), ZORKIC LY RIESEICES T3R5
K1 NF-k B MIEMALINY, Flix ORIEAT 4 =— X NELEEIND, TORIEAT 4 =—
2 D—2Th 2 PGEX IL-8 1%, MEILEIEH K OB MEKEEERICE Y, BEE 8~24
MZE e —27 & UCRUEAE S ALBE, @mEOLE TR, KIEOER 7 EORIERELZ 72
59,

PGE: 1ZHAEORERIEE TH DV VIEEN DL HRARY N—8 A2 [CX W iEBES =T 7
X RUBEEIREIE L, BEEHETHLY 7 a At XL F—F (COXNT L - THESND, &
WHRECIXE R AICRE TS COX1 I L > TPGE: MM —TEEEAEINDI N, RIEFRKNFIT XL
S TIEMAL Z 72 NF-« B 1Z COX2 OB A MRS, PGE: b a LS 5,

%25 UVB FEOAITE

AR TR SN RE IR, RERENAIY U L LB LR RS, ABIEESCK
BRECDZ ENALNTWS, ZNETFr 7T /74 FofilEZE 65 5a—=77 1
Ferxzr_Xa—7(CE) EMIENDIBEEDHENDEL 2D ENEBERO—DEEZLND
. MR AT = ANTELMBA SN TR, CE OERRE#E L, AL pELr4
HAVHRNT ) ROERANEAET 20 7 ) o THY, T F %A Fosyik(f1k)
DB, ZNHDOX U RXIENRNT A7 )LH I —F 1(TGasel) 7¢ EiZ L » TG XL CE
DR S5 (Fig. 3)%,

Bl
ARMREER =RV R e S V2 B

Al

ZEHEE

FRAufmA

TZ hEZ U TR

Figure 3. 2 —=7 7 A R =X —7(FL%)
(GERZE,HT=H LWRIERY 8 2|, p9 X V5l H)



UVB (2 L5t ~DEEIZ >\ T, Bernerd Fetal. B 72 -7 ex vivo (25517 % UVB
BRI L N IEEEEMEE TR, v s Yy A RS U TGasel O 287 3817 UVB
WEOEAb L, FI7F VA Mk~ — I —ThDH 75757 10 7477V 8T 5
L T30, —J . Del Bino Setal.itt NEFZELZX— K~ 2 ZBME L., UVB E®i&
L7z in vivo TR LT H AL, Bernerd Fet al O L ixiilce V7V £ AR LT Y
v, TGasel, K10 D% /X7 3 BUZ UVBIZ XD HERINDIELTWDD, ZNHDRERD
A—ET, UVB OREEDE NS UVBRERITEE 507 = —XDENC IS T
LT EMBZLND,

#3E UVBHEOARILE

UVB W80 55 £ ISR IE (sunburn) S 2 & . 12~24 IFfil 2 ©°— 27 & LiHR%R, BRIk
Euntan) NBO LN DH L 9127 b, UVBIZBZE SN T7F /%A MIIL-1a= TNF o
R EORIEVETA NI A L EZWMLY, TOF— T T4 ANERIC K0 AFEREFERN TR
PEAE « WAL, ZORFEMPEEAAEEEROIZ 7 T4 AERNCED AT 2 A MIAT =
VIEEEL, RIS TT A FDA T = UK Lo THRBILE & LRSI,

B FEILEFHEKNF L LT basic fibroblast growth factor(b-FGF)?, Endothelin-1 (EDN1)
101D12)13)1415) ¢ melanocyte-stimulating hormone(a - MSH)16171819)  Stem cell factor
(SCH)1020 —FR(LZEHRZ(INOZVN[FEE S NN, Ty bR~ U AZEH LZEBRATIZE b
DEFRILEDIERMEF R0 B MAT /A MEMEHALZERRICE W T o MSH
X b-FGF OFE F2omiEQ0nM L E) TN A T =VEAZFE L RN &, Fiz
b-FGF (3MEN CTHEARSIND N T FN_TF R0 =dIiZ s A ERmIngn
ZENH UVB TSI ENDE PREDOFZEILEIZIX EDN1 & SCF N ERARILES
HKFThHDHEEZ BTN D 102223)

TIF YA SN LEAINDEMAEER SCF X ONEDNLIZA T /%4 MEREICFET D
INEFNDOZFR c-Kit(F 721% CD117) & ¥ Endothelin receptor B (EDNRB) & #E& L. &
TFNVARENEIES D, SCF—cKit ¥ 7 T ARKICEWT, ZRFMTa 3 —F
ThocKit i SCF AT 2L ZEBEZEK LY, TOTFrr VKO AC Y VRbic X
DiEibsn, 77X T X —% %7 Th D Src homology domain (She), Growth factor
receptor binding protein 2(Grb2), SOS # VU 7 )L — F L CT—H D U Vb % 5] X i Z 972526,
24 L72 Grb2/SOS 12 kX W GTPase T 5 Ras MIHMEALIZZ #2 X 112728 Mitogen-activated
Protein Kinase (MAP Kinase) 7 2 7 — F : Rafl(MAPKKK) - MEK(MAPKK) —
ERKMAPK) OiEMHALZ# T, £ FiilZ & % Ribosomal S6 kinase (RSK) % /1 L, #4%5[K
+T& % cAMP-response element binding proteins (CREB)23 U » gk &L, THIZ LV £
T = VREAICE T 5~ A —HRE K7 Th D Microphthalmia-Associated Transcription
Factor MITF) O B H N FHE I D 2229 (Fig. 4, END1—EDNRB v 7+ V%1%, EDN1
NG F Ny EIRZRIRTH S EDNRBICHET 2 &, G 2 o "7 EREEL S L, 65
OMKEE EICH DA AR N—8 Cy (PLC vy )2 iEMIA S5, PLCy I
Phosphatidylinositol 4,5-bisphosphate (PIP2)D /K53 fi#(Z & W Diacylglycerol(DAG) % £
4 L. DAG I protein kinase C(PKC) % A& 7> & M~ translocation % i U CiffE
b E ¥ %3030), PKC (XE# Rafl &V Vb L32, LIFEIX SCF—c-Kit v 7 /LR & R



¥ &MY 5 (Fig. 5), % v 7 F MBiERE 4% C CREB & Vit 738 L7z MITF 13, ¥
VR IEBEA T = B RBEE X X THH D Tyrosinase??d, Tyrosinase-related protein-1
(TYRP1)39, Dopachrome tautomerase (DCT)3», PMEL1735, EDNRB36), c-KIT37 &
R RESE S,

SCF EDN1

EbNRB! |||

peT &

Tyrp1 Tyrosinase Tyrp1

Figure 4. SCF-c-Kit ¥ 7 F AR ER I Figure 5. EDN1- EDNRB ¥ 7' J /U= %

AT = OERKIE, MN/INRE THD AT /Y — KT, Tyrosinase (2 & ¥ i+
Noft s s T r % DOPA [ &E 5 2 &L CHths D, & 51T Tyrosinase (X
DOPA 7>% DOPA quinone ([ZZE# S %, Z ® Tyrosinase (& X A2 H S & 227 L
AT = VFEASNRY, AT = IZIERA~E® A O Eumelanin & WA~ €O
Pheomelanin ® 2 FENFIEL, 2D 2P EGIRE 2o CTEIFGRLEZR SITHm i, 20
QMDD RIZL Y AN EEN D, Eumelanin & E#EE I1X DOPA quinone @ H &gk 1c
£ ¥ Leukodopachrome, Dopachrome & 729 . Tyrosinase, TYPR1, TYPR2(DCT)iZ £ ¥
Fix DA v R—=1bEMcRBESNEAT 5 Z & T Eumelanin & 725, %72 Pheomelanin
AREREIXIC AT ARV E F 4 OAFTE T T DOPA quinone (X IEBEE WIS
Cysteinyldopa & 72V . Zi/3 & 512 DOPA quinone (2 X W BB & X2 v F7 ¥ 2 FRHK
% #% T Pheomelanin 234 %9 % (Fig. 6)39,
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Eumelanogenesis

Pheomelanogenesis
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Figure 6. X 7 = & AR

Pheomelanin

Mixed-melanin

(Te-Sheng Chang, Int. J. Mol. Sci. 2009, 10, 2440-2475 X v 5| )
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wofhi TAAXH UFLAX)IZONT

FIEH AX Ot
AX [ TEESCHER SICEEN I REAOBRTHY, S hT7 v hveT /A RIZOES
. BAORPERMEAIE LTamohns, AX i3heT /A FOPFTHL-E EHAGOKEI KD
2L MERED B —A A VERICH D ML KERILIC X0 BRI & BUKEEHT D (Fig. 7).,
ZofEEICX Y, MO Y CIRE EBAMEA E < MIREE R T2 X 012 L TRINICEL
DA EH89404D (Fig. 8)42), HHILDO N CIEMMEFEOBREHRZRECTCEZIL0LEE XL
N5, ZoMmoOmELA L OB T, BT F o, AT A2, BrEFHUFU B
AT O 1045, a-ba Tz — L0 100 FFOHEEZI RN & D LG STV 54344,

OH
e VS Y Y g g 7 g N
HO
)
Figure 7. 7 A Z X4 F o OiEE
VITAMIN C
Extracellular Fluid ~ Giycoprotein T‘é’“ ———

(Cell exterior)

35,3S' ASTAXANTHIN B.B-CAROTENE

ﬁ Membrane
NUCIeus
' Cytoplasm ..
Cell I
Figure 8. 7 A% X4 F O R1E
(Goto, S. Biochim. Biophys. Acta 2001, 1512, 251-258. X ¥ 5| )
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F2lH AX OFREMRICET A
AFFECHE 2 F) TIX UVBFHE O K JE O RIES)SIZR T 2 AX OIflzhRico>W\wW<Te Mo

F A FERAOVEHE U722, RUFSELARTIZZE OFLRIEZNRIL In vitro XN in vivo & &
TICRIEBLANTEEHE I N TWD, in vitro DFEHRIZBWT, = F MR UHET
RAW264.7 fllfld TIXRIEAT 4 =— X TH 5 —BILEFRNO) L UZ DA pkEEFHEGNOS) DIE
PESNTH] PGE2 PEAE B ON TNF- o FEAIZ X L, AX DR FERIFHI 72 HIZh B 338 8 5 349 LPS
B3 2 ik HoO2 B3 F RAW264.7 fAIC B W T H [RERIC, RIEMEY A M A > D43 WIT
H A2 AX 130l 3 540, ZNOHRIEAT 4 T— X BLORIENETA M4 O AXITX 58
fillx, ZDEKR T Th D NF-k B OZBITIRE. NF-« B OMfl[E 0 Ik Ba 53k,
I « B kinase IKK){EE~DLEFEDR R ENS 720 NF-« BREOEERZZ 0 EE e E
M &t T (Fig. 9), LA L, 206 ORISR TIXRAER S K+ THINE &2 Jli% 9 % B
AX THHE L TWA =0, AR PELAI TH 5 AX NiEMMEM LKL L, NF-« B OiEME
(LLLBT S 7 F AR B O 23 HELZ2 S, NF- « B R EKJE L oMl 2 2R ER CTd % ke

PEREZBND,

"‘
,,,,,

&l‘{*‘d&'f{ ‘

i
z ;\{‘»‘%"{“ : is’,ig oo
s i’%

Nucleus

Figure 9. AX OHURIENEH OIFEHESF

Cytoplasm

P S
¥ e S rens

Wf&‘é&"éwr@w,
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FI3H AXOBRLEMHIZIRCET 5 A

AW 5 &) TILAX O UVB THE SN DL /37 7 T A VBT ILE OIHIZhR 2 5840 L
2o AX DGEILEMHZEIZE FiBRICBWTROKEGICEY, UVBBREHOAEILE %
AREIWZIH Lz EE SN T 5H4D, Nakajima H. et al i Z@@BILEFEY A P A Th
% SCF &N EDN1 HIJE F o v MR EMRER KT T VI D AR TLAE Il %) R 2 ZFH
LTk Y, EDN1#FEOAFRILEREIZITIDNRNPBD bed o728, SCFFFHEDERILE
fREIZR L Cix SCF o 7 F VR B (MEK) 2492 Z &l2 L0, B aRILEM
HRRZ R L WE L TV 5H9(Fig. 10), A7 =VAkiFFry =Bl F v v Ol
EEOSICE VBt EN D Z ennn . —RICHERIHNIT Z OBFERFOS Z HE LT 0y, Bk
TENZEICAX FTF e v —BIcad T 2B EERII L2202 ERmE I TS 19,

EDN1
- AX 1 EDN1 & 7 /bR &2 3 L 7220,
EDNRB ' | |

Pmel17 DCT = INONINOINONIN VN ININ Pmel17 DCT

AT
@ Tyrosinase Tyrpi

Tyrosinase Tyrpi e

Figure 10. SCF i ARILAE KT 2 AX OEH A
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I U4 7=V v AWFAIZDWT

1 WFA ot

WFA X, £V RTHLS D OEREIEE LTEREND A v RIREOHMT > 2 U &
(%4 Withania somnifera)(Fig. 1) DGRy D —>TH Y | ZTOMHEEIZAT a1 RNE#HK
AR Z 7 b BRE AT S (Fig. 12),

F2H WFA OFBEFEMHIZET A
WFA (BT 2898132 < | in vitro [Z B\ TR 2 7o a2 % L NF- k¢ B i P40 505052)
T AR N AGHEAEHI595055)  F I B AR AF FH565D58) | L Fe i i S SE B ] 596006 1) 72 A3 A
B, In vivo lZB W T HHLRIENEHI626960  BFREAENE T E 7 /L 1Tk 3 2 15 %) 5L65)66)6D
T B R AE 6969 L Z2HARAE A 7072 K FITh A VERICOWTHRE SR TS, Zhb
DOVEFREFF T WFA OEICL Y, SH B2 o7 o X0 ET VI MEKIGERZ L,
EDHE =Ty Neleb B X7 EE WFA BREETHZ EITERLTWD, Mgy o8
JD—DTHDHERA T AIH AR EHEBRT 2 2 LR o™, WFA PRI LD B R
VFUERAELE AT U ONRANEFET D 2L TH UM A I 2 5 72, LPS X° TNF
2 EORIEFHES A N A > THIPE L 7-FE 4 Offifld(RAW264.7, HUVEC, HEK Hfifid7s &)
WCBWTiE, WFALLEIZ KD NF-« BO EiicdH 5 IKK & OFEEIZ L - T, ZOIEEZM
FILRIEZINZ D Z L NMESH1970  ZOfthd 7 —¥ (PKC, Akt 72 ENIXFLTH
WFA OMHIERICE D 7R b= ARFEE SN D EHE STV 57797980,

OH x5 m o NiEtk

Figure 11. 732U % Figure 12. 74 # 7=V A Offi

(Vanden W, Biochem Pharmacol. 2012
Nov 15;84(10):1282-91 £ v 5 )
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WFA Ok % 22l k322 < O MR oHm ¢, A7 %A MIBIT 5 melanogenesis
(B L7 e 1L 7e < . ARIFFECGE 4 ) TIE WFA I X 2 6B IREMGIIR EZD A D
= A LD E2 I o7, LAl 1X WFA 2 5807 v 2 U J v 4 =% 2A(WSE :Withania
Somnifera Extract)?® SCF & () EDN1 #FE O @RILAEIMH R EZ D> 7 FAI|E| A 1 =
ALEMITLCEBY, ZOERAETFIEIERLENDO Y 7T B Th 5 MEKSVH %0\
PRCS2DTEMAL AL E T D 2 LIC K WG K MITF OEAZ MK LZ D FiRD A 7 =
BRBLEBE R R A OB A MG T2 2 L TRRLELIMHI SN Z L EH LN LTWVD
(Fig. 13),

\\\\\\\\\\\\\\\\\\\

Tyrp1 Tyrosinase Tyrp1

Figure 13. SCF X W EDN1 #FE DAL EIIHT DT v 2 UH o X=X ZOEM
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BAF AR DOBK

AHFFETIL UVB IC XV RECTHEZ 2 R EREE—RIE - AT - AFRLEICHT 5 AX
J O WFA Ol gh OB RIZOWTH R b MREMIE A WTHT L7z, BRI 52
BRI -> T, B KHT ARIE—A LV AL P FAGEZ TN L. # OVEAMT 2 i
HZERBERE L, BHIOER SIS 22 dUE 2 4 CH F M B2 Tl o Rz R 2
HlErenZ EXRHFIND,

F2FETIIUVB T &R Z SN DRIEICKT 2 AXOTMKIEER OFAG AT 5 12720
t v F5F 4 FHPKICK L, 80md/cm2® UVB Z MR L7, = OMREEILHAZENH
5ﬁB$A®¥ﬁ@1MEM%%Q4%%%J%%KH%%EU§&@@’%Lk%&%ﬁ%)
WY L, EEO RO BIZ 20 5 B XS L7- ORIV, RAFFETIEZ O
8o UVB T4 M%Léhéﬁr%4%w4/PGm&UJL8 x5 AX ol B4
P L7=, 3 ClZd D AX OHURIENEH OFFM 5 15 CIXRIET E R FfITanc AX TOLE L
TWAHN, AREFFETIE HPKIZ UVB Z 5 L, D% AX CUBEZIT > 7=, IHMEERFEFE O
FRERSICRBESE 2 WVAHEEMEC L 20D 5T, UVB THE S5 PGE: XN IL-8 4y
WtHEZ AX Sl 925 2 &2 /ML, TOMRIENROERETFEH 1T 52 &% H
e L7,

B3 ETIL, B 2 E T AX O RARERAKXZFA L, UVB Tl Z &h b1tk
JLHE A T = X BN DWCTIRNT 24T o 720 ABFIE TILEE MR E O A (b TTE O 1E I HE - % fig B
THE ML LT, TGasel ([C# 54 % T, UVBIEFE HPK K& (f HaCaT fiffu(t b i
KD RFACKRIIC BT B Z DRBA~OEBEL v 7 FVIRERKEOMPAEZ B E L, Ao
WY TGasel DEBIEAOKEEATHDLIA AL Vol 7 ) i EOMrL EET
HDHN, TN ORI ORFIERRE E LT,

¥4 F T, UVB B EOGHELETMAL LT, &b 3 kaEETT LVHEE)EOE b
AZ %A MHM) &M, SCF iFEOaFILA KT D WFA OIfIZhER & 2 O/ERET
DR ZEIT - 72,

BHETIXIUVBBBIEEITZFIF IV ANERAT IV A NDONRT T T A MERITEDY
FHEINOIREAFRLEET NV EELAL U — MEEREZHVEET L L L HI2, AX KD
WFA O @RS REOERETFZH LT 22 2 HME L,
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2% UVBIRE HPK #3E PGEY/IL-8 X925 AX DR L ZDERAA =X
I

H1E HEOHB

HHEAEFIZBWT UVB ZAERLV LV TOREREZFZET D EERINNERTH D,
UVB 2Lk 5 ROS O¥EZFmE L, ARNLVAVTFITHD MAPK I X7 — K3 &AL
SNDHTEDBMBILTNDSS, ZDIEMHAEDBRIEMEY A M IA R EDA L R PTA 3
JARORRAEZEREL TNDHZENEZLIL, TOHFTHREMNRMEILRK D PGE2 X
I ER D EE K D TL-8 1XZ AV EFVRIE Kk & AT S 2 898508687 S4E | AR IN DR (LR
TCIEDINT o AL Ry 7 AT U RA)DARE RIS EICRESEETHZ EHREN
8 L Ny 7 AT 2T ROS RHEMOHIERLAITH D 7 V52 F A4 7 LI L0 filfHl S
NTNDZERRHEINTE TS, ROS X MAPK W A7 — RE GO Y 7 VR iE
FREE OHIFNZEE 5 L T\ 523, MAPK 7 27— RIZEWT ROS IZHEBEZNREEL D LY
IZEIRECTH D RREMENRH Y, L Ry JART U ZADOEANED Y 7 F IR BEL TV
LIEMEBEZLEND, ZOZ EIZHOWT, MAPK IZH &b U VB L SHUIEMALT 2 — 05 C,
MAPK phosphatase {2 & 0 i U U fg{b S AUARTEM:AL L 89900192 - = diE AL & ARIEMAL 12 %t
LIt LAl ROS OFEIZh2rb b T, TN ENHER - E 7ITHIMKE 12725 2 & 3R
WL TRINTND,

AX ¥V h7aonhms /A4 RT, BICERELTEEST B EOWMFEAED N R A S
. BRAZRPIRLAIE L THE B 59909 AX ORI KT 2T — #1354 < . ¥
IZRIEIZIB W T LPS #%E NF- « BiEMIZ k9 % IKK kinase (L5 . Ik B 23 0|12 Lk 5 NF-
k B ZBATIHEIC L 0 RIEBEK 7 OBs TR BLZIHl 35 2 L9907 & AX 7% NF-« B
IEMEALZIE 5 2 & TMREMEREZ AT 2 LMt Tnd, L, ZHs OSSR
WEBWTCTAX B NF-« BICBEGET 52V 7 VA2 BEEREL TWDHO0, IR EFE T NF-
k B OIEEZMHI L TWD O L TIE W, 7287251, ROS EAZFHET S LPS X
HeO:2 22 CIZ X D HIMOFNZ AX 22 2FEBRFZEZHNTWL1HTHY, Wk E T MAPK
AT — R 5 AX O R & s il Lo #iE 1372 0o 72,

AW TIE, UVB THE SN D REDORIEICBNT, #¥FF /%A F%& M\ UVB Tkl
SINDV T FTNVRERKEZMRAT 5 L & bIlc, FIRIEAIE LTO AX OfFAEZFEm L, %
DIEAREHLNCTHZ EEZHME LT,
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oM RBAMBR VA

FIE Miakr®

E# e b7 7 F /%4 (Human primary keratinocyte:HPK, KURABO ##) i
Medium154S(GIBCO #:#)|z HKGS(Human Keratinocyte Growth Supplement)(GIBCO
B 20 % 7 B S CREEE LT,

#5278 UVB R4
SE fluorescent lamp (Clinical Supply %)% {#f L. UVB radiometer photodetector
(Torex fHH) CEARIBH =RV X —%2WEST HZ & TUVB RN EZHFHH L7,

FIE AX SRR HFRR

AX(SIGMA ALDRICH #:f) & DMSO(Wako 1) ZEA L 8mM ICHHELIL7-%. t
— h7n8wy 27T 80C- 4 20 ML, ERICHEM I, WlFREHIZ 1000 AR
THIZ 8uM AX &4 MM FRs 2 s L 7=,

FATE PHLEHGFER
ZPHEANIFNFNTERREEIC/R2 S L9 DMSO TSl L, g #iZ 1000 54K
TNz 7,

BH. 7 741 44 5 e A—T1— e & Tt
NF-« B FHEH JSH-23 481408 MERCK 5uM
MSK1 FH5E Al H89 H0003 Calbiochem 5uM,10uM,15uM

85I YA MU A v R (ELISA ¥)
AU L 7= e B3 2> 5 ELISA Kit: IL-8 (ThermoFisher Scientific #:#) , PGE2(Cayman
Chemical 5D A HEH L 7o b a— VIZEWER LT,

6 UTRZrTny MENE

T A 2 — k% BCA #5(BCA Protein Assay Kit/Pierce fEfMEMIZ L W ¥ X0 &
7 L CEREICHE L7-%. Sample buffer IR &% 95°C5 pMMBVLEE L v a V7t
L7z, o7 v% SDS-PAGE (2L VW 5B L7=% > /"7’ EF% PVDF BIZEZE L, Fid 1K
PLiR(Can get signal solution1/TOYOBO . CTAM) & St S E %%, Tt HRP #E#% o 2
WP (Can get signal solution2/TOYOBO #THAI) & Mt S 72, /N ROz
ECL X O ECL plus(GE ~/v A7 748D 2 v, X~ ¢ /v A(Hyperfilm ECL/GE ~/v
2 T 4E) & Bl (MAX RHEIN MR-SE-2S/= v 7 24L& 2 i f L 7=,
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1 Rk 4 FREEXE | fiFOHEX NFE I=h- nE
CREB antibody 1/1000 Mouse 43 kDa Cell signaling Technology 9104
Phospho—-ser133 CREB 1/2000 Rabbit 43kDa Cell signaling Technology 9191
ERK 1/5000 Rabbit 42,44kDa Cell signaling Technology 9102
Phospho-ERK(p-p44/42MAPK) 1/1000 Rabbit 42,44kDa Cell signaling Technology 9101
B-actin 1/10000 Mouse 42kDa SIGMA ALDRICH A5316
MSK1 1/1000 Rabbit 90kDa Cell signaling Technology 3489
Phosho-MSK1(Ser360) 1/500 Rabbit 90kDa Cell signaling Technology 9594
Phosho-MSK1(Ser376) 1/500 Rabbit 90kDa Cell signaling Technology 9591
Phosho-MSK1(Thr581) 1/500 Rabbit 90kDa Cell signaling Technology 9595
NF-kB p65 Antibody 1/1000 Rabbit 65kDa Cell signaling Technology 3034
Phospho—NF-kB p65(Se276) 1/1000 Rabbit 65-80kDa Cell signaling Technology 3037
p38 MAPK Antibody 1/1000 Rabbit 43kDa Cell signaling Technology 9212
Phospho-p38 MAPK (Thr180/Tyr182) 1/1000 Rabbit 43kDa Cell signaling Technology 9215
SAPK/JNK 1/1000 Rabbit 46,54kDa Cell signaling Technology 9252
p-SAPK/JNK(Thr183/Tyr185) 1/1000 Rabbit 46,54kDa Cell signaling Technology 9251
2 RiK% FREE A=h— BE
Anti—Rabbit IgG, HRP-Linked Whole Ab Donkey 1/10000 GE NILRTT NA934-1ML
Anti-Mouse IgG, HRP-Linked Whole Ab Sheep 1/10000 GE NLARTT NA931-1ML

$B7H Y7 NV¥A 5 RTPCR

Total RNA O #iHi1Z RNeasy Mini Kit (Qiagen %) % v . ¢cDNA A %iZ1% Rever
Tra Ace qPCR RT kit(TOYOBO #:#)% H 7=, Fichlslo PCR 77 A ~— & Power
SYBR Green PCR Master Mix (Applied Biosystems fEH) & H LV 7/ % 14 - RT-PCR

Z L7,
Forward Reverse
GAPDH | 5-GAAGGTGAAGGTCGGAGTCAACG-3 5-AGTCCTTCCACGATAACCAAAGTTG-3’
COX1 5-ATGAGCAGCTTTTCCAGACG-3’ 5-ATTGGAACTGGACACCGAAC-3’
COX2 5-TGAGCATCTACGGTTTGCTG-3 5"-AACTGCTCATCACCCCATTC-3’
IL-8 5-AAGAGCCAGGAAGAAACCACC-3 5-ATTGCATCTGGCAACCCTACA-3’

I IR L — Y —BAMEEIC & D AT

3.5cm ¥y — VIR L7c W=7 T 2 — s, 2o Eiciiiaze 15 75 AfERE L5
#1% UVB BEEOWNH 21T -7, 4%PFA THild % [EE L PBS THEEE, A X/ — LR
1H 20 0ALEE L EYEE % . Signal Enhancer (Image-iT TM FX Signal Enhancer/
Invitrogen #) & i 2 Hifih <t TR - 30 2FE L7, 5%BSA TV 1 v ¥ 0 7% ¥ L,
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TRE 1 WRPURIENR & ffa &2 B2fik T 4°C » Over night K& ST, B/X—T T APEi
. TRt 2 WPURERIK & Wil 2 £t S CHEPT « |iR - 1 RIS S e, I R—27F X
% Vit . MR RE AR 1 12 B A (ProLong Gold antifade reagent with DAPI/ Invitrogen i)
EMEIL, ~=F%a2T7 THIN—T T RE2 =V 7 LT VLRI — NEfER L7tk HER
L —H — B8 (LSM510-V3.2/ Carl Zeiss #H8) T O HiiX Laser Diode405nm &4,
NF-x B O HiE Argon2 488nm FREHIZ TiTH- 72,

1 kiR ik FUED 3k A—T— ECE NGRS
NF- « Bp65(E498)Antibody 3987 Rabbit Cell signaling 1/100

2 WHLIEA I NN GREPS A= — TSR
Alexa Fluor 488 Donkey | A-21206 Rabbit Invitrogen 1/400
Anti-Rabbit IgG

B9 MEFEHLE

FRHEATIX JSTAT 12 LV i L7z, —xttig D34 1E Student's t-test £ 721 Welch's
t-test, ZHEILI DA 1 Tukey's test £721% Dunnett's test THEAT L. PfE 0.05 K%z
MEHICAEE & LT,
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SEof KBRRER

#17H UVB FH¥E PGE: X ' IL-8 WK T 5 AX DR

HPK |Z UVB 80md/cm? % fR &% 5538 EIEH O PGE2 & O IL-8 OFEREA) /3 Wi & % ELISA
HBICEVHELZEZ A, PGE: 1ZME D 12 BrfE %% UK, IL-8 TiX 24 B LI &4y
WAL . 48 Bpf 1% £ T oMk 7= (Fig. 1. 2), £72 UVB I & 5 PGE: & OV IL-8
Sy E DRI, UVB BEEZ IR L7Z AXSuM (2 & v A E 12## & /- (Fig. 1. 2),

1400 =======mmmmmmm e
=0=-UVB OmJ/cm?
12001~ ~a-UVB OmJicmi+AX8UM

E -3-UVB 80mJfcn?
2 10004-
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3 800 Fmmmmmmmmmm e
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Time (h) after UVB irradiation

Figure 1. Time course of PGE2 secretion after UVB irradiation of HPK and the
effects of AX on PGE2 secretion at 0.5- to 48 h postirradiation. n = 3, **P < 0.01
versus UVB irradiation (12 h), ##P < 0.01 versus UVB irradiation (24 h), 1P < 0.01
versus UVB irradiation (48 h).
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Figure 2. Time course of IL-8 secretion after UVB irradiation of HPK (a) and the
effects of AX on IL-8 secretion at 0.5- to 48 h postirradiation (b). n = 3, **
P < 0.01 versus UVB irradiation (24 h), ##P < 0.01 versus UVB irradiation (48 h).

#2151 UVBIRE HPK @ COX2 BfF - Z U7 RBBE~D AX DFHE
PGE: P4 DHERESE Th 5D COX2 122\ T, UVB 80md/em2 i HPK D& (s T3 H K&
W R FEB T 5 & & HIC AX OB RZ 7 L 7=, COX2 B in R BUTRH 1 5 3~6

PRI 12

EICHBA MR L, UVB B ERRINO AX4, 8uM IZ XV Z QR A M S

7= (Fig. 3-A), COX2 ¥ > X7 HBUIE 26 3~24 Bl CHEICZ OFRBNHR S, UVB
RS BRI 00 AX8UM (Z & 0 2 o # iR A il < 7= (Fig. 3-B),
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A UvB somyem+AX4pM BB UVB 80miem? + AX8uM

B
(a) (b)

acinl26D0)« ———— D | ———
(3h) (24h)

0 i
- "
%
;: ] E I I | I I
E T}

AXORM AXSM AXO:M AX 4 AXSM AXOuM AXSM AXOsM AX4aM AXSM

UVBO mlicm®
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Figure 3. Effects of AX on the gene (A) and protein (B) expression of COX-2 by
UVB-exposed HPK at 3 (a) and 24 h (b) postirradiation. (b) Representative
immunoblots from three independent experiments are shown. n = 3, *P < 0.05,
**P<0.01



#3151 UVBIEE HPK @ IL-8 B FRBE~D AX DFE
UVB 80md/cm?i#% HPK O IL-8 BIZ FRELA NI T 5 & & H 12 AX OZhRZFHM L 7=,
IL-8 B FRBUT A 6 6~12 K[ #4 A BITH B B0 L\ UVB BUN E#% RN o AX8uM
2 X0 Z OB EZICIH &7z (Fig. 4),
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I'ime(h) after UVB irradiation

UVB OmJ/cm? UVB Omlem®+AX8uM B UVB 80mJ/em?

B uvB somiiem?+AXapm BB UVB 80mJ/em? + AX8pM

Figure 4. Effects of AX on the gene expression of IL-8 by UVB-exposed HPK
n=3,**P<0.01 *P<0.05

%47 UVB #H¥E PGE: X \V IL-8 bW Tt IZ %35 NF-xB BLEAI O 2R
NF-xB BT O EH TH 5 JSH-23 2 HPK (ZIIN L 3 ks L 721 . UVB 80md/cm?
FRE L, 48 FEREI# D152 LiE T @O PGE2 X N IL-8 b2 HE Lz & Z A, JSH-23 #isnic
kv UVB CTHBE &N D TN ZE N O W EITAZICIE T L= (Fig. 5),
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Figure 5. Effects of a NF-xB translocation inhibitor (JSH-23) on the secretion of
PGE, (a) and IL-8 (b) by UVB-exposed HPK. n = 3, **P < 0.01, *P < 0.05.
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%51 UVB ##E MAPK {EHALIZHT 5 AX DFhE
HPK ~® UVB 80md/cmz 52 L v, MAPK T& % p38, ERK., JNK D U g{k /38
g X, UVB BBERT AX I X W p38 & O ERK IZHAE (2 O RN IH S =23, JNK
DV UERAL DO B A~OHNILFRD o = (Fig. 6-a), £ 7= UVB BEE % AX IRINTi
UVB #E D p-38, ERK., JNK @ U v OB 5RIZIH < 720> 72 (Fig. 6-b),

*=43kDa

= 43kDa

*=44kDa
*=42kDa
o 44kDa

(a) AX pre-treatment (b) AX post-treatment
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Figure 6. Effects of AX on the UVB-induced phosphorylation of p38 and ERK. (a)
Preirradiation treatment of HPK, (b) postirradiation treatment of HPK.
Representative immunoblots from three independent experiments are shown.

#6IH UVBIRE HPK © NF-xB EBITICH 5 AX OFE
UVB 80mdJ/cm2 g% HPK (2 351) 5 NF-xBEBAT &2 e mil L — W —BAREE CTREtT 32 & &
HIZ AX OB R AZFHE L7, UVB 4T 15 /5%, UVB IZ &V NF-xB EBATHRO 5, AX
ORISR EH ORI TITZE OBEBATIZIRE S s - 72 (Fig. 7).

uvB uvB
’ UVB OmJ/cm? || UVB OmJ/cm? 80mJ/em? 80mJiem?
| AXO0uM |[ AX8uM AXOuM | AX8uM

|| NF«xBp65 || Nucleus

Merge

Figure 7. Effects of UVB radiation and AX on the nuclear translocation of NF-xB
p65 in HPK. Immunostaining with anti-NF-kBp65 and DRAQS was observed as
green and red colours, respectively. Merged images are seen as a yellow colour.
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$7H UVBERE HPK (25517 5 MSK1,CREB XX NF-xB DV VEB{LIiZx+ 5 AX D%
X
MSK1 K Nz B K7 T %5 CREB kO NF-«B (25T, UVB 80md/cm2 %% HPK (25
JoHZn6 Y VB EEERE L CEGRF OV VAT TS L & BT AX O REZ T L 72,
UVB a5} 15 73 % MSK1(ser376)® U > (k23 (Fig. 8-¢). UVB & 20 43% CREB(ser133)
DU A2 (Fig. 8-b). UVB FR&f 30 43 #% NF-kB (ser276) D U L izl #i58 & U (Fig. 8-a).
UVB BBEEZERMO AX4, 8uM (2 &V Z O3 A B X - (Fig. 8-a,b,c),
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AXOpM  AXOpM  AX4pM  AX8uM AXOpM AXSpM AXOpM AX4pM  AXSpM
s | - s A
NE-KB(6SKDa) +  qi— G— G G— CREBUSKD:) - (i D D -
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Figure 8. Effects of AX on the Ser276, Ser133 and Ser376 phosphorylation of NF-

B (a), CREB (b) and MSK1 (c) in UVB-exposed HPK at 30-, 20- and 15 min
postirradiation, respectively.
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%81 UVB #¥E PGE: X ' IL-8 bW TTHEIC X35 MSK1 FHEFI DR
HPK % UVB 80mdJ/cm?2 4 L, ZDE%IZ MSK1 [LEA|ITH 2 H89 Z ¥R L. 48 Kifi
%A FIEH O PGE2 KON IL-8 pWhE A JIE L7 & 2 A, H89 10, 15uM #RANIZ L Y UVB
THIR SN D N EN O WEN A E I S 7z (Fig. 9).
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Figure 9. Effects of the MSK inhibitor H89 on the secretion of PGE; (a) and IL-8
(b) at 48 h postirradiation (b) by postirradiation treatment. n = 3, **P < 0.01,

*P < 0.05.
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WAl E

AHFIEOFERIZEL Y, UVBEEZE HPK 2> 5 3Lt &b PGE: X OV IL-8 2% L, UVB
FRAHE I AX RN L CHLIET 5 2 ERB 5L 72 -7 (Fig. 1,2)(UVB FE&H#T AX RN
£ % PGE2 K OV IL-8 43 AT HEMIH 7 — # X RFE L), ZHiX UVB THEIN D, PGE2 fEA
DOREHIEFR Th 5 COX2 DBIE 114 2737 FBLO I K O TL-8 AR TR BLIHNIZE R 32
ZENHIB L 7= (Fig. 3,4), RIZ UVB #%i4 PGE2 & OV IL-8 3 s LI B B o 7 F ARk
KEOMIZB T 77 F 7 ¥4 Mkl 5 UVB 2 O #l#4Iz L W . MAPK T % p38
X ERK 28 {EME{L L COX2 X IL-8 DR HAFUT LI LORENH D710
98)99)100)101)102)103)104)105)  UVB FRH fij F 721X H % I AX 1L, MAPK (ZxF3 2% AX O%)
BAFM L, ZOR%E, UVB BT AX BINTIZ UVB THH S5 p38 &U“ ERK ® V
VR L& ] L7z o1kt L(Fig. 6-a), UVB BETE % AX TIXZ OIS RIZFE D b ivien
- 72 (Fig. 6-b), 2D Z &5 UVB BEHE % AX RN X 0 #0# S5 PGE2 & O IL-8 45t
JUtE OIHIOER L. MAPK X 0 Fifi © COX2/IL-8 BIzF3 I L D ATD & Z N CHFEET
5T ENRE S, I COX2/IL-8 DHRERF- & LT b iLD NF-«k BiZxtd 5 AX O%h 5%
ZfEMT L7-, NF-« B EBATILEAITH D JSH-23 13 UVB #%E PGEL/IL-8 4514 703 2 47 il
L7=23(Fig. 5). UVB #FE D NF- « B OEBATICH L, AX O BSE % OTIC X 5 HEEM
RO B2 oz (Fig. 7). WE E THE S vz AX OBFFERS R Tl AX 28 TKK 76 % % FiL
FHITHZETNF-« BOEBITEZHET D Lm0 T edy W, il AX B4 5 %
BRATIZZNOOMENEL ROS 2HELEZ LICEDBIRIRERTH S Z LN 4 RO
RTHLMNE R o7, AX B EZTINTIZ UVBFED NF-« BEBITAILE Lo 72
728, NF-k B ® DNA #EATEMEICBE D2 U AL ERAL Ser276 ~0 AX O R 250 L 7= &
Z A, UVB THiifi &5 NF-« B Ser276 @ U U {bix UVB U E 2 AX RN X 0 #))
ENDHZENHLNE 2572 (Fig. 8-a), NF-k B Ser276 (ZBIT#HICY v bEEFE TH D
MSK1 2L > TENTY Uik &0 Zzo MSK1 OiEM{bix p38 721X ERK 2k Y
MSK1 @ Ser360 M O Thr581 U VL X 10D 2D Hh & HE Y VBILEANAL Th 5 Serd376
DY UMb Z ETRIEEZIEIND108, 2Dz MSK1 Serd376 @V UEE{bizxtd 5
AX OB E AN L2 fE R, UVB THisi S 520 ) IR bi: AX B EZ IR THH X
% Z & AVHIBH L7z (Fig. 8-c), £7- MSK1 /X CREB DV L& TH H S 72 20, CREB
Ser133 ® VU Vb ~D AX OFEEZFIM L= Z A, UVB T X115 CREB Serl133 @
U rbicxt 35 AX RS EZTINC X 2 M2 R0 il S 7z (Fig. 8-b), S HIZ AX 2
MSK 1 OiEMHZAEST 5 Z &1 X Y UVB#5E PGE/IL-8 /3 LA Hifi| L TWH D E 9
NEfERT H72H, MSK1 0)5ﬂiﬁﬂf§>é H89 % H W eIl L7245, UVB M E#% H89
WINZ XY UVB #% PGE/IL-8 /Wb il & iR ERAFRICIG T2 Z E BN Lol
(Fig. 9).

PLEXY UVB BBHERZIC AX 2T 2 3R ICHE W T, Fig. 10 I 7@ 0 AX OfEH
UL MSK1 OIEEAIElIcH D EEZ B, ZORE NF-kB @ DNA #&TEMEEZT D
COX2/1L-8 Bis 73BN &, UVB #FHE O PGE/IL-8 b tlEn Mz bivd v 7 v
BEEHNH] A 7 = X AR RIB S T,
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#3%ZF UVBIEE HPK % TGasel BB T 5 ¥ 7 F M nEiR& DiRHA
B HFEOBK

UVBIREEIZ LV FORIEN & | RELEMILOHERE L 20 b & Al it h
D2 A SN TWDH109, ATENE E 72 EIEY 7Y Rd U Y X0 bH 5 Hik fx&
JE R A2 L L. Z2uE Cornified cell envelope(CE) & FEIZ A 5 4 B M0 0370 f5 85 A3 i
FVHES GELSRDZEIZEDEEZEZDNTVDN, FHEMRA T =X A iif:%ﬂ%ﬂ“(b\
72, CE 1% Involucrin XU Loricrin A EZRMER S /37 THY, TNbDF /3T %
Transglutaminase(TGase) N 2EKET 5 Z & TR S5, AL TIEX UVBIRFE CAE LS5/
{LILEIL, UVBIZ & % TGase IEMHROFERS IS Z S D & ORFUCIESE, ZD AT
%XA%%%’%‘ZD LZAMLE LT, TGase i #7378 % ¢ - (y-glutamyl) lysine #5&

BET 5 CaiRIFMEDEER T, 4 DT A VA L(TGasel, 2,3 X)NIFIEL., FH7ze
E ODJ:Bi’n’*Hfﬁk BB L T\ p 101D ZOH T TGasel KON 3 RO MA{IZES
HELTWD EOWMENDH 2 0n1219119 TGasel [FIEFE AR & L CHBMIECIRE D%
Fe EREEICERIRIZZ < BBLL TR V119116 CE JEIZHR HIEL 230 - TV 5 AJREMEMN
RN TV AU, —TF5 TGased L7 HEEE & L CAHEMIISCED THELL T v 19,
TGase3 / v 77U h~UADT = ) XA T TIHEENSMLS BT B0, KF~OIEE /2L
ﬂﬁ IFRONRNZ ERHESNTND120, ZALDOMENG, REOAIIZIE TGasel 73

bLRET DR LEEZLND,

2%&0) TGasel (Zxt9 % UVB O¥ZIZoW T, HPK IZ81) 5 TGasel iM% UVB T

ITHE SNV EOWENH H120—J5 UVBIZ L 5 TGasel Ol RIF 8 A B Ak YL 4T
RSN THY ., ZOWMFFHIUCL > TREBERERORE)NELL E0RELD D
122 TGasel OfEMEIZIE Cathepsin D H AW EZE Do 777 —Ficks 7ty
T hZ T EN OO TREZLEE LTV, UVB IZX 5 TGasel ~D 58 F AT 7
DI, Hik TGasel DEEFRTEMEMRIE KBGO GREGEATZT TEIARA+HLVR D,
Zo7H, £9UVB LY HPK @ TGasel s 1/% /37 BELBHERINLH 0 E S M, £
7T DOY T IMMEERKE A AT % 2 &% UVB BRI X 2 ALTTEE BT 2 DI HEE
LEZLND,

AMFETIE UVB IZ L VFEESND A LAV T F DD ERZ#H L, TGasel
DRBOFHEEIT -T2, £72 2OV T FIMEERBEIFHDIZO DT AT L0 1 S& LT,
AX @ UVB PRSI - BESERIINC X 2R REAGE 2 IRl 25 Lz,
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oM RBAMBR VA

FIHE Miakr®

E® e b7 7 F 7% A4  (Human primary keratinocyte:HPK,KURABO #: ) X
Medium154S(GIBCO #:4)iz HKGS(Human Keratinocyte Growth Supplement)(GIBCO
FRED 2N Z 7285 N TR L7, B FREBKOARELMILTH S HaCaT Mild (JuilK
BERERE - AR L0 5 1% 10% 4 i iE (FBS) (Hyclone #:84) % %4 L7 DMEM #%
Mz THEREE B L T2,

8527 UVB R4t
SE fluorescent lamp (Clinical Supply %)% L. UVB radiometer photodetector
(Torex 18 TEEAMRBS = 2 L X — %2 WETHZ &L TUVB B EZRE N L,

FI3H AX A E MR

AX(SIGMA ALDRICH #:4¢) & DMSO(Wako 1) ZEA L 8mM ICHHEIL-#%. b
— h7nwy 27T 80C- 4 20 MM L, ERICHEM I, Wl iFREEHIZ 1000 AR
THIZ 8uM AX &4 M & K5t 2 F R L 7=,

HATH PHLEHIGRR
HZIHEFNIZFNEN TREEICR D L5 DMSO Tifsl L, #if #1000 {E#R
TNz 7,

RHL 75 A1 44 B 5 RS A—T1— B U B
p38 BAEHI SB203580 559389 | MERCK 10uM
MEK BHZE PD98059 513000 | MERCK 20uM
JNK FHZE Al JNK InhibitorII | 420119 | MERCK 1uM
NF-« B [HEH JSH-23 481408 | MERCK 5uM
MSK1 BHE Al H89 H0003 | Calbiochem | 0.05uM,0.1uM,0.5uM

B YT REZ T my MENE

e o A — k% BCA #(BCA Protein Assay Kit/Pierce fLBERNIC LW # X0 &
2L TREICHEL7-%. Sample buffer IR &% 95°CH pMMBVLEE L eV 7t
L7z, 7% SDS-PAGE 2LV pBEL7-% > /378 % PVDF JEICEEE L, Tt 1K
P (Can get signal solution1/TOYOBO L TAM) & St S H gk, Tt HRP &% 2
KPR (Can get signal solution2/TOYOBO L CHAR) & MG S ¥z, N> ROBHICIE
ECL % U ECL plus(GE ~/V 2 7 748D 2 Huvy, X # 7 ¢ /L A (Hyperfilm ECL/GE ~/v
2 7 4R L B (MAX RHEIN MR-SE-2S/= v 7 28D &2 H L 7=,
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1 Rk 4 FREEXE | fiFOHEX NFE I=h- BE
Transglutaminase 1 1/1000 Rabbit 89.8 kDa NOVUS NB100-1844

CREB antibody 1/1000 Mouse 43 kDa Cell signaling Technology 9104

Phospho-ser133 CREB 1/2000 Rabbit 43kDa Cell signaling Technology 9191

ERK 1/5000 Rabbit 42,44kDa Cell signaling Technology 9102

Phospho—ERK(p-p44/42MAPK) 1/1000 Rabbit 42,44kDa Cell signaling Technology 9101

Phospho—c—Jun (Ser73) 1/1000 Rabbit 48kDa Cell signaling Technology 3270

c—Jun (60A8) 1/1000 Rabbit 43,48kDa Cell signaling Technology 9165

p—AKT(Thr308) 1/1000 Rabbit 60kDa Cell signaling Technology 9275

Akt 1/1000 Rabbit 60kDa Cell signaling Technology 4691

p—ATF2(Thr71) 1/1000 Rabbit 70kDa Cell signaling Technology 9221

ATF2 1/1000 Rabbit 65-75kDa Cell signaling Technology 9226

B-actin 1/10000 Mouse 42kDa SIGMA ALDRICH A5316

MSK1 1/1000 Rabbit 90kDa Cell signaling Technology 3489

Phosho-MSK1(Ser360) 1/500 Rabbit 90kDa Cell signaling Technology 9594

Phosho-MSK1(Ser376) 1/500 Rabbit 90kDa Cell signaling Technology 9591

Phosho-MSK1(Thr581) 1/500 Rabbit 90kDa Cell signaling Technology 9595

NF-kB p65 Antibody 1/1000 Rabbit 65kDa Cell signaling Technology 3034

Phosho—NF-kB p65(Se276) 1/1000 Rabbit 65-80kDa Cell signaling Technology 3037

p38 MAPK Antibody 1/1000 Rabbit 43kDa Cell signaling Technology 9212

Phospho—p38 MAPK (Thr180/Tyr182) 1/1000 Rabbit 43kDa Cell signaling Technology 9215

SAPK/JNK 1/1000 Rabbit 46,54kDa Cell signaling Technology 9252

p—SAPK/JNK(Thr183/Tyr185) 1/1000 Rabbit 46,54kDa Cell signaling Technology 9251

Ik Ba (44D4) Rabbit mAb 1/1000 Rabbit 39kDa Cell signaling Technology 4812

CK2 @ Antibody 1/1000 Rabbit 42kDa Cell signaling Technology 2656

2 Rik% AWMEE A=h— BE
Anti—Rabbit IgG, HRP-Linked Whole Ab Donkey 1/10000 GE NILARYT NA934-1ML
Anti-Mouse IgG, HRP-Linked Whole Ab Sheep 1/10000 GE NILRTT NA931-1ML

#5617 RNA T¥#ik
MSK1 {Zxf 9 % siRNA & Silencer® Select Pre-Designed siRNA(Life Technologies #1:%%)
ZfEH L. Lipofectamine2000(Invitrogen ##1)% > CHIfRIZE A L 7=,

FTHE HEHOE

FETARATIX JSTAT 12X 0 FEh L7z, —xftik D354 1E Student's t-test £ 721% Welch's
t-test, 2 H LI DY AT Tukey's test £ 721% Dunnett's test THEHT L, PE 0.05 A%
MEHHICAEE & LT,
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SEof KBRRER

#17E UVB & HPK @ TGasel BaF « ¥ VX7 REA~DE

HPK (2 UVB 80md/cm?2 % FR T L, 24 KEfE] 1% O TGasel B{5 15 8L (Fig. 1-A) | 48 FEfH 4
DK Ry 5 B(Fig. 1-B)& T L= & 2 A, UVBIZ L - T TGasel #in T RHIHEL LO¥
NI REBIIABICHEBR I T,

A B
UVB(-) UVB(+)

3
¥ TGase 1 Ib © |+ 90kDa

E
v I 25 .
& B-actin [N -—2kDe
§ = % 16 - *k
— 3 _
S0 19 = £ 14
w »n o8 1.2
RG] 2 & 10
i S o8
© 0.5 g 08
£ 8 o0a
0 .g E 02 -
0
S
UVB (-) UVB (+) & UVB (-) UVB (+)

Fig 1. Effects of UVB radiation on the gene and protein expression levels of TGase 1. HPKs were exposed to UVB at a dose of 80 mJ/cm? and were
cultured for 24 and 48 h and then analyzed by real-time RT-PCR and Western blotting, respectively. (A) The gene expression level. RT-PCR results are
normalized to GAPDH; values are means + S.D. derived from 3 independent experiments. **: p<0.01. (B) The protein expression level. Representative
immunoblots from 3 independent experiments are shown; values are means + S.D. derived from 3 independent experiments. **: p<0.01.

F2H VT NVEEMREARZ AW UVB #E TGasel # /87 REA~DRE

MAPK [f%%#](p38/MEK/JNK inhibitor) & 8 NF-xB KBTI =5 (JSH-23) 0 3 7 F A5
PERREKICKT T D EAEZ HPK (2R L, 3 Kffi]l# (2 UVB 80md/ecm?2 # M L7=, & D 48
BEfE1#6 O TGasel # VN7 BBLEMfT L= Z A, T RTCOREANIZLY UVB HED
TGasel ¥ > /37 B BLIIA B IH < iz (Fig. 2),

A B
1
i o
TGase1 b— - - - - 'l'- 90kDa TGasel |tu--. e a— |‘_ 90kDa
f-actin |m---|'— 42kDa
Bactin | emm— ——— 17D

— ]

2
18
16
14
12

1
2 08
06
04
02

0

control p38i MEKi JNKi |l:nntml p38i MEKi JNKi Control JSH23 Control JSH23
5uM 5uM

UVB(-) UVB(+)

Protein Expression Level
TGase 1/ f-actin
=
s

Protein Expression level
TGase 1/B-actin

UVB(-) | UVB (+)

Fig 2. Effects of stress signaling inhibitors on the UVB-stimulated expression of TGase 1 protein. (A) Inhibitors of p38 (at 20 uM), MEK (at 20 uM) and
JNK (at 20 pM). (B) Inhibitor of NFkB translocation (at 5 uM). HPKs were incubated with signaling inhibitors as noted for 3 h, then were exposed to UVB ata
dose of 80 mJ/cm? and were cultured for 48 h after which cell lysates were subjected to Western blotting analysis. Representative immunoblots from 3
independent experiments are shown; values are means + S.D. derived from 3 independent experiments. *#*: p<0.01, *: p<0.05.
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#31H AX # 7= UVB %8 TGasel ¥ > X7 BEA~DEE

AX(1~8uM) %z HPK (2RI L. 3 BffE1# 12 UVB 80md/cm?2 & M5 L 7=, # D 48 FFfE ;D
TGasel ¥ /N7 BB AT L= Z A, 4~8uM AX (2L Y UVB #FEHD TGasel ¥ > 737
HHL & A B S (Fig. 3-A), 72 UVB 80md/cm? &+ E % 12 AX(1~8uM) % HPK |2
WL 48 WefE % D TGasel ¥ > /37 38 % figfir U 7 fE 5L Eﬂi%?%b\: &1 UVB BRI
TH AX(1~8uM)IZ UVB % E D TGasel ¥ > /37 B A A EIHHI+ 5 Z L 2VHBH L 7= (Fig.
3-B),

A B
TGase 1 | — — — - I « 90kDa TGasel | s — D — |’-90kDB
Practin [ m—————  42kDa 1" | S—— J-42kDa
35 18 * o O %
-g 30 16
Lo 3 14
$ g 2 §e 12
$a 20 §8 10 -
&g §<S 08 -
X8 15 g5 0
8 3% 06
ik 3
5 3 04
£ 8
& 05 <02
00 : 00
AXOuM  AX8uM  AXOpM  AX1uM  AX4uM  AX 8uM AXOpM  AX8uM  AXOpM  AXIuM  AX4uM  AX8uM
UVB(-) UVB(+) uvB(-) UVB(+)

Fig 3. Inhibitory effects of AX on the UVB-stimulated protein expression of TGase 1. (A) HPKs were treated for 3 h with AX at concentrations of 1, 4 or
8 uM, exposed to UVB at a dose of 80 mJ/cm? and were then cultured for 48 h prior to Western blotting analysis. (B) Immediately after UVB irradiation ata
dose of 80 mJ/cm?, AX was added at concentrations of 1, 4 or 8 uM after which HPKs were cultured for 48 h and subjected to Western blotting analysis.
Representative immunoblots from 3 independent experiments are shown; values are means + S.D. derived from 3 independent experiments. *: p<0.05; **:
p<0.01.

HAH UVBIREBVITIAGFO) VLD F A Aa—XDHIE

> 7 F N5y F p38, ERK, JNK OV AKT (25T, UVB B HaCaT I281F 5 % A L =
~X@/ﬂu/1:%ﬁo7zo UVB 80md/cm? 4 0~30 73# . ERK & 08 JNK 1T UVB FR& o 4 fif

I HT 15 5% I bR S =3, UVB B DOIE ) 75>‘<°%°t%6§75>3§b\% L<
iE< 5B Y, p38, ERK, JNK U VBt — 2713 156 nKZICH D LB 2 bl
(Fig. 4-A), F£72 AKT ®© U »Efkix, UVB H4t 30 5 ?‘ﬁﬁl%%‘%ﬁﬁxﬁ Hav, MRS 6 MEfM#% £
THkwe L 7= (Fig. 4-B),

p-ERK | — -*--.-—F 44xDa
ERK [ o e s o ——— — — —| 1 A0
Control 0 5 15 30I 0 5 15 30min

A pp3s | — — |- s
T
R e —— ]+ aowna
Control o 5 15 30 | o 5 15 30 min
1
p'JNKI —— — I: sao-
INK [ s c— —— — ——— .
— c—— — — — ——| o Lo
Control 0 5 15 30 | o 5 15 30 min
UVB— UVB+

DAKT | ————————— | <

B : :
AKT P-—.—-—.—.I < oD

Control| 0 0.5 1 25 | 35 6 h

UVB (=) | (=) (+) | (=) (+)‘ (=) (+) | (=) (+)‘ (=) (+) (=) (+)

Fig 4. Time course study of the y of several sti 1l d kinases after UVB exposure. (A) Effects on the phosphorylation of ERK/
p38/UNK. (B) Effects on the phosphorylation of AKT. Human HaCaT keratinocytes were exposed to UVB at 80 mJ/cm? and were cultured for the indicated
times. Whole cell lysates were prepared and were analyzed by Westem blot using antibodies to phospho-p38, p38, phospho-ERK1/2, ERK1/2, phospho-
JNK1/2 and JNK1/2, and to phospho-AKT and AKT. data from 3 are shown.
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F5H UVBFEI 7T FiEHEIICRT 5 AX 0#E

UVBIE#%E HPK 12351 53 7V F A4 F~0 AX ©%h B 1%, UVB BEHT AX iz L v UVB
THIME N5 p38 KT ERK ® U »igfe (BE5 156 3% %825 2 LN TE 52, UVB
PRSI AX BN CIMmsl S han 2 L inid L2 2 3 Fig. 6-b), Z Z Ti% HaCaT #ii3
WZxt L, [AEEIC UVB BETEH% AX 2RI LY 7 F v+ ~D AX O R %FM L7-, UVB
80md/cm2 BBE 726 15 431 D p38, ERK, JNK (B W T UVB FiEED 2 b D U ki
BRIT AX 1T & o Tl S, HPK 26 L7258 & RO R TH - 72 (Fig. 5-A), £7=
FDNEND Y T F 5+ c-Jun, ATF2 O U b3 L W c-Fos D& 37 BHLA~D AX D%)
REFMLZEZ A, UVB THESIND cdJun KL NATF2 O U U ER{L(BE 5 0.5~6 BffH
#). c-Fos D% o /37 SEEHIR (B 70 5 3~6 FERIZ)IZ. WTFh b AX IZ X - THlHl &g
7o 7= (Fig. 5-B. 6. 7).

Protein Expression Levels
p-c-Jun(ser73)/c-Jun
© 090900 R pR
O N & O 0 ON

AX(uM) 0 8 0 1 4 8

AXOUM AX8uM AXOpM AX4pM
UVB(-) UVB(+)

UVB(—) UVB(+)

Fig 5. Effects of AX on the UVB-induced phosphorylation of p38/ERK/JNK/c-Jun. (A) Effects of post-irradiation treatment with AX on the UVB-induced
phosphorylation of p38, JNK and ERK in human HaCaT keratinocytes. (B) Post-irradiation treatment for the phosphorylation of c-Jun in HPKs. HPKs or
human HaCaT keratinocytes were exposed to UVB at a dose of 80 mJ/cm? immediately after which the cells were treated with AX at the indicated
concentrations. Lysates were harvested at the indicated times after UVB irradiation and were immunoblotted with antibodies to phosphorylated or non-
phosphorylated p38/ERK/JNK/c-Jun. Representative immunoblots from 3 independent experiments are shown; values are means + S.D. from 3 independent
experiments. **: p<0.01; *: p<0.05.
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A B C

p-c-Jun c-Jun
p-c-Jun Ser73| :I 5% 5% B8l —43 KkDa 0.5h post-irradiation 3h post-irradiation

e

05h c-Jun ----3::;“]((%1 60 :::
Post-irradiation c-Fos [ el 0 B -l «—62kDa Tk

B-actin | e e - o — 42 kDa

p-c-Jun Ser73 - — = '—‘:.;;Il))a
o T a
I8 ehun * 43kDa

Post-irradiation c-Fos +—62 kDa 2 i

5 AX OuM AX M AX M A4 AX B AX OuM AX M AXOum A 4m AX BM
B-actin +—42 kDa > . u W i

Uv8 Om/em? UVB 80ml/cm? UVB Oml/em? UVB 80ml/em*

+— 48kDa c-Fos
* 43kDa D 3h post-irradiation

Protein Expression Level
p-c-dun/c-dun
Protein Expression Level
c-Jun/B-actin

52

6h
Post-irradiation

1 'ii]
e [ < 1
Post-irradiation S | <—62kDa

! 10
- %
AXuyM 0 8 4 0.0

UVB(-) UVB(+) AX OpuM AX 8uM AX OuM AX 4uM AX 8uM
UVB OmJ/cm? UVB 80mJ/cm?

B ‘_42 kD 3.0 ' 7.] LR I ttl

Protein Expression Level
c-fos/-actin

Fig 6. Effects of AX on the UVB-induced phosphorylation of c-Jun and on the UVB-induced protein expression of c-Jun and c-Fos. (A) Western
blotting for the phosphorylation of c-Jun and the protein expression of c-Jun and c-Fos. (B) Densitometric analysis for the phosphorylation of c-Junat 0.5 h
post-irradiation. (C) Densitometric analysis for the protein level of c-Jun at 3 h post-irradiation. (D) Densitometric analysis for the protein level of c-Fos at 3 h
post-irradiation. Human HaCaT keratinocytes were exposed to UVB at a dose of 80 mJ/cm? immediately after which the cells were treated with AX at the
indicated concentrations. Lysates were harvested at the indicated times after UVB irradiation and were immunoblotted with antibodies to phosphorylated or
non-phosphorylated c-Jun or c-Fos. Representative immunoblots from 3 independent experiments are shown; values are means £ S.D. from 3 independent
experiments. ¥*: p<0.01; *: p<0.05.

A B Time of
p-ATF2 (Thr71) - - -I,_ 70kDa Post-irradiation ;
L. S EEES B p-ATF2 Thr71 - — +—70 kDa
Sl . ATF2 o . - - — 65-75kDa

0.5h .
[ actin | MEG—————— o 42kDa B-actin ~—42 kDa

P-ATF2 Thi71 | s st il 8 88| — 70 kDa
ATF2 [ o e B 88 | —65-75kDa
p-acdn L s s G | — 42 kDa

+
it p-ATF2 Thr71 o e B Bl — 70 kDa
= » ATF2 s #oul—65-75kDa
05 '—I |
00 . - &h B-actin «— 42 kDa

4 8

AXOuM AX8uM AXOuM AX4um AX8uM

* | i
jE— *

Protein Expression Levels
p-ATF2/ATF
Nww s
hoiho

AX uM 0 8 0
uvB(-) UVB(+) UVB(-) UVB(+)
C 0.5h post-irradiation D 6hr post-irradiation
sk ok
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*<ok | T 1 o4 3k | ek |
2.0 18 iif e |
1.8 =z 1.6 | [
§ 1.6 3 1.4 R
1.4 S w
1.2
Sk - =
g0 gg 1.0 1
1 os ‘% = o.s
£ “os £ e 0.6
2 oa 8 0.
0.2 a
0.0 0.2
AXOuM AXBumMm AXOpumM AXaum AXBuM 0.0
UVB OmJ/em2 UVB 80mJ/cm2 AXOoum AxsumM AXoum AXApM AXBuM
UVB OmJ/cm2 UVvB 80mJ/cm2

Fig 7. Effects of AX on the UVB-induced phosphorylation of ATF2. (A) Western blotting for the phosphorylation of ATF-2 in HPKs. (B) Western blotting
for the phosphorylation of ATF-2in human HaCaT keratinocytes. (C) Densitometric analysis for phosphorylation of ATF-2 at 0.5 h post-irradiation. (D)
Densitometric analysis for the phosphorylation of ATF-2 at 6 h post-irradiation. HPKs or human HaCaT keratinocytes were exposed to UVB at a dose of 80
mdJ/ecm? immediately after which the cells were treated with AX at the indicated concentrations. Lysates were harvested at the indicated times after UVB
irradiation and were immunoblotted with antibodies to phosphorylated or non-phosphorylated ATF-2. Representative immunoblots from 3 independent
experiments are shown; values are means + S.D. from 3 independent experiments. **: p<0.01.
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%61 UVBHFEECK2 DV UBLE O IBIZxT 5 AX D#hFE
UVB 80mdJ/cm2 B E #% 12 AX(4~8uM)% HaCaT ffaic ¥ L., B 225 0.5~6 FEfE#% 0
CK2 ® U » et & 0.5~72 BE# D T-kB # 37 Bt LizL 24, UVBIZL-> TV
YBbENTEBEZOND FOHBUKAF L, DTN L7 P L7 CK2X° UVBIZ X
L I1kB Z U NI GRIZ LD H 7 LAV DR TICK L, AX BN R IRINT B L2 &
2B & 98 & 72 - 7= (Fig. 8-A,B),
A B

" Time of

Time of Post-irradiation
Post-irradiation I-kBa A -— 39 kDa
practin [ ] 2 k05
K2 ;-..E<—42 kDa - I-kBa ~— 39 kDa
2 5k B-actin <— 42 kDa

R LT T Y N 07 W ———— - — _ O

__________________ I-kBa Rl <— 39 kDa

K2 | o ann 8 88| — 42 kDa S2)  poactin 43D
. Ikea |- - | 39 kDa
B-actin e wwm . s ol — 42 kDa 12h B-actin ﬁ ~—42kDa

CK2 . i o o 8 12 kD2 I-kBo [ -~ =] — 39 kDa
B-actin <— 42 kDa
B-actin «— 42kDa

] e
AX pM 8§ 0 4 8 a

UVBO) _ UVB®) AXuyM O 8 0 4 8

UVB(-) UVB(+)

Fig 8. Effects of AX on the UVB-induced phosphorylation of CK2 and the degradation of I-kBa. (A) CK2, (B) I-xBa. Human HaCaT keratinocytes were
exposed to UVB at a dose of 80 mJ/em? immediately after which the cells were treated with AX at the indicated concentrations. Lysates were harvested at the
indicated times after UVB irradiation and were immunoblotted with antibodies to CK2 or I-kBa. Representative immunoblots from 3 independent experiments
are shown.

#T7H UVBFHE NF-xB DV VBRI T 5 AX OFh%

UVB 80md/cm? FRHHE 12 AX(4~8uM) % HaCaT #AZIZiism L, & 25 0.5~6 BEfE#
NF-«kB(ser276/536/468) U > W b # fg #t L 7= & = A, UVB T i & 1L %
NF-«kB(ser276/536/468) U » a{bix. AX MR ZIIIC X - THE— ser276 721 3P0l &7z
(Fig. 9).
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Fig 9. Effects of AX on the Ser276/468/536 phosphorylations of NFkBp65 in UVB-exposed human HaCaT keratinocytes. (A) Ser276 phosphorylation
of NFkBp65 at 0.5, 3 and 6 h post-irradiation. (B) Densitometric analysis for Ser276 phosphorylation of NFkBp65 at 0.5 h post-irradiation. (C) Ser536
phosphorylation of NFkBp6S at 0.5, 3 and 6 h post-irradiation. (D) Ser468 phosphorylation of NFKBp6S5 at 0.5 h post-irradiation. Human HaCaT keratinocytes
were exposed to UVB irradiation at a dose of 80 mJ/cm? immediately after which the cells were treated with AX at the indicated concentrations. Lysates were
harvested at 0.5, 3 or 6 h after UVB irradiation and were immunoblotted with antibodies to NFkBp65 and phosphorylated NFkBp65Ser276/Ser536/Ser468.
Representative immunoblots from 3 independent experiments are shown; values are means + S.D. from 3 independent experiments. **: p<0.01.



%81 UVB #E MSK1 0 U VBLIzxd 5 AX D#hE

UVB 80md/cm?2 FRHHE %12 AX(1~8uM) % HaCaT Mificimim L., &S 0.5 B o
MSK1(Thr581,8er376/360) U » fefb. # fig #r L 7= & =2 A, UVB TH Ml S L D
MSK1(Thr581,Ser376/360) U > Fefbix, 3T AX(4~8uM)FRFH L USINIC X - THpH S v 7z
(Fig. 10),
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Fig 10. Effects of UVB irradiation on the Thr581/Ser360/Ser376 phosphorylation of MSK1 and the inhibitory effect of AX. (A) Thr581 phosphorylation
of MSK1 in HPKs at 0.5 h post-irradiation. (B), (C) Ser360/ Ser376 phosphorylation of MSK1 in human HaCaT keratinocytes at 0.5 h post-irradiation. HPKs or
human HaCaT keratinocytes were exposed to UVB irradiation at a dose of 80 mJ/cm® immediately after which the cells were treated with AX at the indicated
concentrations. Lysates were harvested at 30 min after UVB irradiation and were immunoblotted with antibodies to Thr581/Ser376/360 phosphorylated
MSK1. Representative immunoblots from 3 independent experiments are shown; values are means + S.D. from 3 independent experiments. *: p<0.05, **:
p<0.01.

%97 UVB#E CREB DV VELIZH T2 AX DR

UVB 80md/cm? FBHEHIC AX(4~8uM)% HaCaT (2L, FBE S 0.5~3 K% D
CREB(Ser133)V v igfb it L7z & Z A, UVB T &5 CREB(Ser133) U »l&{kix,
AX(A~8uM) BRI % AN & - Tl & 7= (Fig. 11),
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Fig 11. Effects of AX on the Ser133 phosphorylation of CREB in UVB-exposed HaCaT ytes at 0.5 and 3 h min post-irradiation. (A)

Western blotting for the phosphorylation of CREB Ser133. (B) Densitometric analysis for Ser133 phosphorylation of CREB at 0.5 h post-irradiation. Human
HaCaT keratinocytes were exposed to UVB irradiation at a dose of 80 mJ/cm? immediately after which they were treated with AX at the indicated
concentrations. Lysates were harvested at 0.5 and 3 h after UVB irradiation and were immunoblotted with antibodies to phosphorylated or non-
phosphorylated CREB. Representative immunoblots from 3 independent experiments are shown; values are means + S.D. from 3 independent experiments.
**: p<0.01.
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%103 MSK1 FHEH|I %2 H\\W/- UVB ##E NF-xB/CREB ® U v Bt K% Ot TGasel/COX2
B R BEBFA~DRE
UVB 80md/cm? PR E # 12 MSK1 OFHLEHTdH 5 H89(0.05~0.5uM) % HPK (Z¥RIN L | &
Hn 5 0.5 B4 > NF-kB(ser276) % 08 CREB(Ser133) U »lgfb &, WRES 25 48 B D
TGasel TN COX2 # /X7 BH AT L= & Z A, UVB THjE X5 NF-kB(ser276) & 08
CREB(Ser133) V > f&{kiZ H89(0.05~0.5uM)IZ & - THIfl =4 (Fig. 12-A), TGasel KO
COX2 ¥ /37 3¢ 8l 1 H89(0.1~0.5uM) B & 1% IR NI & - THIfl X v 7= (Fig. 12-B),
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Fig 12. Effects of the MSK1 inhibitor H89 on the increased phosphorylation of NFkBp65Ser276 and CREBSer133 as well as on the protein
expression of TGase 1 and COX-2 in UVB-exp d human i Y (A) Effects on the phosphorylation of NFkBp65Ser276 and CREBSer133. (B)
Effects on the protein expression of TGase 1 and COX-2. HPKs were incubated with H89 at the indicated concentrations immediately after UVB radiation ata
dose of 80 mJ/em? and were subsequently cultured for 0.5 h for the phosphorylation analysis or 48 h for the protein expression analysis prior to Western
blotting. Representative immunoblots from 3 independent experiments are shown; values are means + S.D. derived from 3 independent experiments, **
p<0.01, * p<0.05.

#1135 MSK1 siRNA % fi\ /= UVB #3#E TGasel ¥ v 37 BH~DEE
HPK (2 MSK1 siRNA %3 A L, UVB 80mdJ/cm? B &} 48 Ki[#]# D TGasel # > /%7 3¢5l % fif
Fri7=& A, UVBIZ L » THIR S5 TGasel # > /37 8113 MSK1 siRNA (T & BEZ 247
il & 7= (Fig. 13),
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Fig 13. Effects of silencing of MSK1 mRNA on the UVB-stimulated expression of TGase 1 protein.
HPKs were transfected with a pre-designed siRNA against MSK1 to down-regulate MSK1 along with a
negative control siRNA. Twenty-four h after transfection, HPKs were exposed to UVB irradiation at a dose of
80 mJ/em? and were cultured for 48 h after which whole cell lysates were prepared for Western blot analysis
using antibodies to TGase 1 and B-actin. Representative immunoblots from 3 independent experiments are
shown; values are means + S.D. derived from 3 independent experiments. *: p<0.05; **: p<0.01.
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WAl E

AKBFFETHID T UVBRFEIC L > T HPK @ TGasel Bin F R ONZ o /8 7 FEEL IR &
N5z EEWALMCULEFig 1), ZOfERIZ UVBIREIC L Y A U 25 ALTTHESC R OIS
2 TGasel HHUIHMIC L VGl & Z SN D AREMEEZRE L TWVWD, EANATILZ UVB T
EEREINNA2MBANS 7 FALIEEERBICBWT, A ML X7 F L EEE
MAPK(p38/ERK/INK) DIEMEAL(Y LTS 15 k& v —2 & L(Fig. 4. £ D Tt
b5 LEX2 N5 NF-« B, IKK, CK-2/I-kBa, AP-1(c-Fos/c-Jun), ATF-2, MSK1 »3 74K (U
VERL)T D Z & A 5o L= (Fig. 6,7,8,9,10), UVB i TGasel X8I 5 7 )L
EREET DDA L7 p38/ERK/IINK D4 FHEAIT UVB 3 D TGasel FHLZ il L
(Fig. 2). Z#u5 MAPK 2 TGasel %8I G L C\WbZ L& L=, UVBIREY 7 F 7V
A MZBWT, I laBbdA— 7 74 MNEMSH 20X p38 X° ERK OIE % B & L.
IKK OEMALR O T B DU UEELIC X D NF-« BERBITE W o772 NF-«k B ¥ 7 U RiER
BEOEMELR2IA I =X A3 k< mbn Vb=, NF-« BEBITILEAICTH D JSH-23 &
il L UVB 358 TGasel B ~DEELFMN L 7=, JSH-23 IRINIZ LY UVB #%E TGasel
BBIIRN—R T A AZFTHHIENTZZ 5, TGasel OFHIL NF-« B OGN MET
HDHZENERENTZ, E5IC UVBHE TGasel FBED L 7 FIRERKE 20 ATe 720,
AX DR BEGRZFHTHZ LIl Lz, F2EHE TR0 AX 1T UVB BERTEN &
FHBEIM T 7 F st T 2EHAEE 9 1249, A% CIE UVB B #% AXIRINC L 5> 7
T F~DEBEL S SR, UVB TH & 5 TGasel FED 2 7' F /G ERR
W ARE LT, £7 UVB#E TGasel FEUHRIZ, UVB BEAT AX BN & OB S % AX B
IO 5 THIHl S s 2 & & iR L7z (Fig. 3), UVB &% AX Iminizisvw <, UVB#FED
JNK/cJun @ U (LK Y cFos # 787 3BT H &9 (Fig. 5,6). F 7= p38S/ATF2 » 'V
IR FAR I AX TIEH S e o 72720 (Fig. 7). UVB #%:E TGasel (% cJun/cFos @
BERN G2 DH AP1 R#H L WNATF2 2#E CTlid7e <. NF-«k B BN#EER 1 & 72> TRET 5
ENRBEINTZ, T TTF YA MBI D TGasel BIUTAPLICI VI TS L X
VTN T2 A3 12912012D128) = = CHID T 7 F /A F® TGasel BEUIZBW T NF-kB 7
FAURBENRBEEL TSI EEH LN LT,

UVB &% AX 1L %5 UVB #%3E TGasel S OMHI N FRIZHOW T, ZOIEH SO E
%47 > 72, p38/CK2/I-k BINF-x B O 7 F A REKIZHB W T, UVB FHED ) vigfkic kb
CK2 L7 hRoI-k B Z o837 55fRICx L AX 12 L 720 72 (Fig. 8), NF-« B DiE
2B D 3 oDV UL (Ser276/536/486)12%f L, UVB THISE I N5 U V(b %z AX IR
M X 0 i) © & 72D 1XME— NF- « B(Ser276)72 1) Td - 7= (Fig. 9), Ser536 X NF- « B &%
ITICEH B V) VB TH D . AX 1% p38/CK2/1- k B/NF- k B(Ser536)%° ERK/IKK/I- k
B/NF- k B(Ser536) O #% i 2 i &3 M REIX A B 72728 Serd68 12 3511 % PISK/Akt/GSK3/NF-
k B(Serd68) Mif% 129 &, I L 72 Z & 3RD STz, Ser276 i NF- « B @ DNA & &1
WD D EAL T, BEBITHR MSKL 1T LV U U igfb 4145 18013D182188) . = D 7= 8 MSK1 &M
W25 35DV UERLEL, Thr581,Ser376/360 ([Z51F 5 AX D% 5H % 3l L 7= #5 5. UVB
T#hE X5 MSK1 Thr581,8er376/360 @ U »Eg{L 5 IL, UVB BE#% AX FRIN T &
nNoZERHELME -7 (Fig. 100, MSK1 (% p38IZ L5 Thr581 DY Vb Z X U & L,

41



Z D% ERKIZXE % Ser360 0 U U EERLH Y U BLEL Thd 5 Ser376 8 U VbS5
Z LIz X o TEMAL T B 189135)136) Rl L 7= MSK1 2% W T NF- « B Ser276 &% O CREB
Ser133 # VU v k9% Z L6 MSK1 {EME(b~D AX Ol zh 23 CREB 1& /b o i
WHEE L TWA Z EEERT D720, UVB % AX IINC X 5 CREB @V Vb ~D
AT L7, ZTOMER. UVB THE I 5 CREB Ser133 @ U U fig{b 2 AX I L 0 )
Hl&EnsdZ EnmERIN-Fig 1), 2 bR IV, UVB % AX I L 5 MSK1
DY LIl E 2 Bl & L, NF-« B Ser276 @ U (b3 ] &1L TGasel FRELAINH] S v
Lz EnHER SN, MSKL ORLEAITH 5 H89 A TN MSK1 siRNA #H ALY
UVB #%8D TGasel FEH 3 MHI S 2 250 L7z, UVB M4 H89 IRMNIC LY NF-«B
Ser276 }2 Uf CREB Ser133 @ U b3l &5 & & H1T, TGasel & > /327 FEBLH
EnDZ EnfEREN (Fig. 12). NF-« B v 77 VR CRET 5 EH R % 37 COX2
DI B H89 TRIARIZHNHI S iu7- Z & (Fig. 12)1X MSK1 12 X % NF-« B Ser276 U » (kA3
NF-k B {EMHEICHETH D Z L2 REBLTWD, £72 MSK1 siRNA E A2 LY UVB FHED
TGasel A &l Jfﬂﬁ%'J INnd L bk S (Fig. 13),

PLEDOFER NG T ARTHEY, B T T7F %A MMZEBIFTH UVB BEIZ L5 TGasel
FEEHIRIL NF-k BEE SR & L, MSK1 12Xk % NF-kB Ser276 ® VU vt am48L LT
WD ENRIBEI N,

< Human keratinocytes >

v
MAPKSs, Scaﬁild proteins, TR famllyadaptor prot jns, etc EGFR

MAPKKK Tak1,Ask1, Mekk atc

=

IL-1a

H@I

UVB # % TGasel JEHLD o 7 F VAR ERE #E
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4T HMIZBIT 5 SCFHEARBILEICH TS WFA DR L ZDOERA D =
Z I

H1E HEOHB

UVB I EEEZSI S TAFERNMNKRFO—2TH Y | 2D ELLHEFITIIRESCE
FRILENFT oD, UVB OBBEEZ T KETlE, ETERICHFEETDZT7F A4 b
TR EZT, RIEMEY A S OA > THD I lazDWL, TO4— 7 74 ERICE
W END1X° SCF 72 XD A N aAVRELEIND, TT7F /%A N THREINZEWESS
SCF K OVyih S 7z ENDL (X, dfBICFEET D AT ) A b OK 2 OZER cKit LW
EDNRB AL, SRBEDO T 7T A5+ OEMRAEEZEL TA 7= OEMMEEI D,
AT = UFEAICED S~ A X —HRERN+Th D MITF (2F 1 ) —E (TYR), TRP1,. TRP2,
DCT., Pmell7 REDA T = BB Y VX7 2B L, ATV BROBTHDH AT
V=LA TTFurY 2 EE LA T=VARBRGEEND, AT Y —LHFT40DAT—Y
THA LN D AT %A MORBEIRZEEEmTICBE L, RKENMTHL 7 o7F 7 A
MCZTESEND, ZHESNIEZAT ) V=LA T2 ER)ITZ7rT7F ) A4 OO B
(BRI END) L DI L TENMRN OB ZR#ET D RIS, MEDAFEILE L
LTHR#mEEIND IR D,

BEILEMHA DD DL EAFDOLL 1T, FrvF—BESRLEZERELLZY, Frv T
—BH LRI ESRT A TTFr YT —BIEREZ IR TIELX A TORAT /A b
TF VA MDA T =R OZ T E L 2L EPAR2 ZREBORIEE)T L2 A4 772 L
MWEFTOEND, ZOXIRIMEI A D =X L TORILFELZME LHE, ZOAEBKA T =
X DTEF R OOICHERFICLHFESE L TWnE D, EFREEOE THLRTED, Wb
ZAMEZSI SR ITEBZERNH S, EAFICKO NI RIFOEILEDE2EL L, HED
BRERALL BT HZLETHY UVB AR EORIEEZZ T EEICEESND AT =2 &N
—ATALETMA, TEWE N EREE LY, ZOFRMEHIZTEAROT VA X
UVB 72 EOFRKIZIE U THEM LT 2 v 7 T MVRERBEZLET s Thor B2 BND,

BAFZZOBAENPLEARICRY I DEMERL, 72U W ¥ (¢4 Withania
somnifera) &t WO A OMBIRE R LTz, 7Y 200 =% AT END1 &8 SCF
THEINDAT=VFEAICH L, Y7V B TH S5 PRKC H 5 WL MEK #1425
TETAT=VEEENET DI EHAL TV D 508989137)  F - KT X X (XF 1 v —
PEEREEAROMABEMSEILF N 2B L TWD, RIFETIET v a v T Fx
X ADEMER YD —>TH 5 WFA Z v, SCFFHED A T = U FEAICKT 5 LER % 5
fliL, TOAI=XLEMRATHZEEENE LT,

43



=X A

UVB @5 G REAE D A T

44



oM RBAMBR VA

FIHE Miakr®

E® e M A Z 7% A4 b (Human Epidermal melanocyte:HM, KURABO #:#) i
Medium254 (GIBCO #:#)iz HMGS(Human Melanocyte Growth Supplement) (GIBCO #t
) &Nz TR TR LT,

B2H 3RITEEBREET VHEE)ER G

FrAEWRGRmR T ZF A N EFAERGKBRA T
YA MEMREE 101 THEERELERBILINT
LabCyte MELANO-MODEL(Y ¥ /X « 7 f v ¥z« =
yv=7 ) )& L7, HEE X D-MEM(0.5
lg/ml hydrocortisone,5 ng/ml epidermal growth factor Melanacyte
(EGF) % & 1) T 14 HREREE LT,

3 WFA &4 5 Haasl
WFA(SIGMA ALDRICH #:#) % DMSO(Wako #-#) |5 S 50 u M I FH8L L | i
ERZHIIZ 1000 [E7A7 R CThANZ. 50nM WFA & 4 4 [ y5 B2 th 2 8L L7,

AT Fu v —EBIEERIE

F o v —BIEHE X MBTH #£(Winder A. et al., 1991, Eur.J. Biochem. 198:317-326)
A L Fit JFiE CTAT » 7=, Lysis Buffer(0.5% sodium deoxycholate,0.5%
TritonX-100,1mM PMSF) CHlifaZmIL L, ZOMiZ 4 —F 20uL & 100u L Assay
buffer(100mM sodium phosphate buffer(pH7.1) . 4%N-N-dimethyl formamide) & O* 50 u
L 5mM L-DOPA, 50 ¢ L 20.7mM MBTH %8 L, 37C30 43l A % =2 ~X— %, 505nm
DOWSEEECTHRIE LTz,

HBHE 22— AT =V ERE
PTCA #2227 X7 = DE$+ %5 HPLC #%:Ito S. et al.,, Anal Biochem. 1985 Feb
1;144(2):527-36. 2 ) CEBEEIT o 72,

6 YT RZrTmy MENE

L2 A 2— k% BCA #5(BCA Protein Assay Kit/Pierce fEEflE fIC L 0 ¥ X7 E &
L —EREIZHE L 7= Sample buffer iR 5% 95C5 MBI L 2 a7 b L,
Y27 N% SDS-PAGE I LV pBEL 7= % v /37 % PVDF BICHZE L, Fit 1 IkFiik(Can
get signal solution1/TOYOBO #C#A ) & s S B4, Tic HRP ik 2 kiR (Can
get signal solution2/TOYOBO B CAH) & Kk &H7-, AN FoBmitiziz ECL kO ECL
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plus(GE ~v 2 7 748D % v X#t 7 ¢ /L A (Hyperfilm ECL/GE ~/L A 47 7 f1) & Bl

(MAX RHEIN MR-SE-2S/= v 7 At:#) 2 L7z,

1 REuik% A=h-
Phospho-c—Kit abcam
c—kit abcam

CREB antibody

Cell signaling Technology

Phospho-ser133 CREB

Cell signaling Technology

ERK

Cell signaling Technology

Phospho—ERK(p—p44/42MAPK)

Cell signaling Technology

MITF Dr.D.E.Fisher(Harvard Medical Schoo)h\5#t 5
PMEL17(a PEP13) Dr.Hearing(NIH)h St 5

TYR Invitrogen

TYRP1 Invitrogen

DCT SantaCruz

B-actin SIGMA ALDRICH

p38 MAPK Antibody

Cell signaling Technology

Phospho-p38 MAPK (Thr180/Tyr182)

Cell signaling Technology

MEK1/2 Antibody

Cell signaling Technology

Phospho-MEK1/2 (Ser217/221) (41G9) Rabbit mAb

Cell signaling Technology

Phospho-c—Raf (Ser338)

Cell signaling Technology

c—Raf

Cell signaling Technology

Shc Antibody

Cell signaling Technology

Phospho-Shc (Tyr239/240)

Cell signaling Technology

2 Rinik4 FREE A=h— BE
Anti—Rabbit IgG, HRP-Linked Whole Ab Donkey 1/10000 GE NILARYT NA934-1ML
Anti-Mouse IgG, HRP-Linked Whole Ab Sheep 1/10000 GE NLRTT NA931-1ML

EIH VY T7TNVHEA L RT-PCREE

Total RNA D it iX RNeasy Mini Kit (Qiagen #t#H!) % >, cDNA & iZ1X Rever Tra
Ace qPCR RT kit(TOYOBO #:#) % fv 7z, Titke%|d PCR 77 A v — & Power SYBR
Green PCR Master Mix (Applied Biosystems fEE) & LV 7/ % 4 & RT-PCR % L 7=,

Forward Reverse
GAPDH 5-GAAGGTGAAGGTCGGAGTCAACG-3 5-AGTCCTTCCACGATAACCAAAGTTG-3’
TYR 5-CCTCAAAGCATGCACAAT-3 5-GACGACCAGCAAGCTCACAAG-3
MITF 5-TCCGTCTCTCACTGGATTGGTG-3 5-CGTGAATGTGTGTTCATGCCTGG-3
TYRP1 5-TCATCTATTCCTGAATGGAACAGG-3’ 5-AATGAGTGCAACCAGTAACAAAGC-3’
DCT 5-TCCGCTAGCCATGGGCTTGTGGGATGGGG-3 5-ACCGTCGACTGGTAGGCTTCCTCCGTGTAT-3’
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PMEL17 5-TCTGGGCTGAGCATTGGG-3 5-AGACAGTCACTTCCATGGTGTGTG-3

c-KIT 5-GCTGAGCTTTTCTTACCAGGTGG-3’ 5-TATGTCATACATTTCAGCAGGTGC-3

HOIH AAHLE

FEEHENTIE JSTAT 12 X 0 ki L7z, —* ik D413 Student's t-test £ 721L Welch's
t-test. ZEILKE DY A X Tukey's test £7-1% Dunnett's test THEHT L. P 0.05 Kz
AT AE & Lz,
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SEof KBRRER

%178 HEE (28} %5 SCF HFEARILE~D WFA O#R

SCFGnMIE Foo HEE Tl 14 HE R CABLEN HH L~V CHRICHER TE,
WFA(B0 nM)FENNIC & v Z o F kSR ITEE CI %2 b= (Fig. 1-a) ., HEE 08l %
HE Yufa (GE Rk g ) K OV FM Yeta (X 5 = U BRiuta) L= & 2 A, WFA 12 X % 5 B0/ ik
DOEMITR BT, WFA ERN & i L A T = IR B O 23580 5 7= (Fig. 1-b), £
72 HPLC # iV CTa— A 7= B&2E LR, SCEFGnMFlIc L v #mLiza—2xF
= &¥x WFAGBO nM)IRMIC X - THEIZHH & 4#(Fig. 1-¢0). MTT assay OffH Tl
WFA(50 nM)IRINZ £ 2 Ml AF R~ ZEBITRD b2 b - 72 (Fig. 1-d),

a SCF(0nM) SCFOnM) SCF(5nM) SCF(5nM) SCF(5nM) SCF(5nM) c s
WFA WFA WFA WFA WFA WFA 15 * & *
(0 nM) (50nM)  (0nM) 12,5 0M 25 M 50 nM o ™
Y ' g ¢ -
2 35 I
Day 0 s 3
2 25
3 2
g T
£ 1
Day 14 & 05
0
SCF{0 nM) SCF(5 nM) SCF(5 nM)
+WEA 50 nM
d 140
b Control WFA WFA WFA - 120 T
WFAQ) 12.5nM 25nM 50nM £ 1w
SCF(+) SCF(+) SCF(+) SCF(+) 2
s w0
4 = 3 w0
®
w e (%) 2
b = =] oL
SCF SCF + WFA(S0nM)
a0 === _\ —
= e
% A e
s ==
uw -
—
Fig. 1

Inhibitory effects of WFA on the SCF-stimulated pigmentation of HEEs. a Visible pigmentation, b H&E and FM staining at
days 0 and 14,c Eumelanin content (PTCA) of HEEs at day 14. d MTT assay at day 14. a HEEs were cultured at 37°C for 14
days in DMEM supplemented with 0 or 5 nM SCF and with or without WFA at concentrations of 12.5, 25 and 50 nM. The
media containing PBS (as a control), SCF (at 0 nM) +WFA (at 50 nM), SCF(at 5 nM) and SCF (at 5 nM)+ WFA (at 12.5, 25
and 50 nM) were exchanged every 2 days.b H&E and FM staining of HEEs were performed using paraffin sections at day
14.c Chemical degradation and analysis of eumelanin were performed using homogenates of HEEs @reated with WFA at 50
nM) at day 14 and was quantitated as described in the ‘‘Materials and methods”. Eumelanin content is expressed as ng
PTCA/mg tissue. d HEEs were cultured for 14 days in DMEM supplemented with 5 nM SCF in the presence or absence of
WFA at 50 nM after which cell viability was evaluated for the last 24 h using the MTT assay. Cell viability is expressed
as % cell viability. Values are mean + SD derived from three independent experiments. *p < 0.05,**p <0.01 vs Control
SCF- or SCF+ at day 14
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%23 HEE (ZBT5 SCFHEA T = EREEELE TRI~D WFA OFhE

WFA (2 & B I EMH OEREFZH 50T 5720, VT LX A5 RT-PCR IZLD
AT = A RRBE R T ORBUC KT 5 WFA O%h R %4 77 L 72, SCF(GnM)fili%  HEE T
DA T = Ak BEEELAFMITF, TYR., TYRP1, DCT. PMEL17, c-Kit)ORHE—7 7
H H 8082|235\ T, SCF(BnM)FHE D% B s 7B 81T WFABGO nM)IFINZ L > THER
il 23588 5 7= (Fig. 2-a,b,c,d,e,f)
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Fig. 2

Abrogating effects of WFA on the SCF-stimulated levels of melanocyte-specific mRNAs of HEEs. WFA was added at 50 nM
to HEEs 24 h prior to the SCF stimulation. The media containing SCF and WFA were exchanged every 2 days. HEEs at day
7 of treatment were subjected to real-time RT-PCR. Results were normalized to GAPDH. Values are mean + SD derived
from three independent experiments. Control: 0 nM SCF at day 7, SCF: 5 nM SCF at day 7, SCF + WFA: 5 nM SCF+50 nM
WFA at day 7, **p <0.01 vs.SCF or Control, a MITF, b TYR, ¢ TYRP1, d DCT, e PMEL17, f ¢-KIT
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%31 HEE |\ZBIJ5 SCFHEA T =V ARBEEY /X7 BB ~D WFA ODFR

Western Blotting (2 L0 A T = ARk % X7 3BTk 25 WFA O%h % % 554 L 7=,
SCFBGnM)Hili N HEE TO £ 7 = &k # o 87 (MITF, TYR,.TYRP1,DCT.PMEL17,
cKit)OFEBE—72 10 H BIZBW T, SCFBnM)##E D% & > /37 R BLHERIE WFA(50 nM)
IINC X > CHE 22858 bt (Fig. 3). SCFGnM)#EE o MITF, TYR. TYRPI.
DCT. c-Kit ®% > /37 BEHEBHRITH L, WFA12.5~50 nM DO R AFH 726 23580 S 1
(Fig. 4-a,b,c,d,f). PMEL17 | WFA 12.5nM LA L CTHIfil 28 B8 E 12380 & 7= (Fig. 4-e),

Control SCF+WFA (50 nM)

- 85kDa
™| — S0

TYRP-1 | ——— e 90kDa

le- 56kDa

MITF l+ 52kDa

Fig. 3 Abrogating effects of WFA on the SCF-stimulated levels of
melanocyte-specific proteins of HEEs at 50 nM. WFA was added at
the indicated concentration to HEEs 24 h prior to the SCF stimula-
tion. The media containing SCF and WFA were exchanged every
2 days. HEEs at day 10 of treatment were subjected to Western
blotting. Representative immunoblots from three independent exper-

= iments are shown. Protein expression levels were measured in
p-actin “*42"08 Control, 5 nM SCF and 5 nM SCF + 50 nM WFA-treated HEEs at

day 10
Control SCF SCF+WFA (50 nM)

DcT k- 90kDa

PMEL17 [+ 85kDa

c-KIT - 100kDa
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Fig. 4

Abrogating effects of WFA on the SCF-stimulated levels of melanocyte-specific proteins of HEEs at different
concentrations. WFA was added at the indicated concentration to HEEs 24 h prior to the SCF stimulation. The media
containing SCF and WFA were exchanged every 2 days. HEEs at day 10 of treatment were subjected to Western blotting.
Protein expression levels in 5 nM SCF and 5 nM SCF + WFA (12.5, 25 and 50 nM) at day 10. Representative immunoblots
from three independent experiments are shown. Values are mean + SD from three independent experiments. *p <0.05,**p

<0.01. a MITF, b TYR, ¢ TYRP1, d DCT, e PMEL17, f ¢-KIT
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%47 HM T8 5 MAEFE~D WFA OFFE

HM % WFA(50 nM) C 3 Ffff] 7' L A > F 2 xX—3 3 > L, SCF(BnM)IRIN 72 B M 55514
MTT assay (& CHIIAEFRA~OFEEFM LI Z A, SCFGBaM) HEOH D0 5
T WFA RINZ X 2 Mifa A 1738 ) ORI R b~ DR BT3RO b vie oy o 72 (Fig. 5-a,b),

SCF (5 nM)
a SCF (0 nM) SCF (5 nM) WFA 50 nM
Phase
Contrast
x 40

b 160
140 .

& 120 : Fig. 5
e 160 I Effects of WFA on the morphology and
f viability of NHMs. a Cell morphology, b
2 80 MTT assay. NHMs were treated with
3 WFA at a concentration of 50 nM for 3 h
60 after which SCF was added at 5 nM.
a0 After 72 h of culture, cell morphology
and cell viability were evaluated by
20 phase contrast microscopy and MTT
o : = z I e assay, respectively. Cell viability is

WFA onm SOnM onmM ©OnM expressed as % of cell viability

Control SCF

%517 HM 2K} 5 SCFHFEF n v —EiFEME~D WFA D% E

HM % WFA(GO nM) T 3 BFfl] 7L A v F 2 X— 3 > L, SCFGnM)RIN 72 B E:# 1%
DOF v F—BIEEZRE LR, SCFFFHED T v o —EiEMELEEZ WFA BN kb

Bl L= (Fig. 6-a), £72 HM OHijE Lysate (281} % SCF FEDF 1 v+ — ikt
JUHEIZx L C WFA RIS & 5 2 oMlER o 5 /e oy 72720 (Fig. 6-b), WFA [ X5 1=+
F—VPEEREERHEZA LRV ERERINT,
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Fig. 6

Effects of WFA on TYR activity in SCF-treated NHMs a NHMs were cultured in the presence of WFA at a concentration of
50 nM for 3 h, then were treated with SCF (5 nM) and maintained in culture for 72 h, after which cell lysates were
prepared for the measurement of TYR activity. b NHMs were cultured in the absence of WFA for 72 h after SCF stimulation
after which the cell lysates were prepared and TYR activity was measured after adding WFA at a concentration of 50 nM.
TYR activity was measured as delta absorbance (505 nm)/ng protein and is expressed as relative to the control (0 nM SCF).
Values are mean + SD derived from three independent experiments. *p<0.05
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Fig. 7 Effects of WFA on SCF signaling NHMs were stimulated
with SCF after 3 h of culture in the presence or absence of WFA at
12.5, 25 and 50 nM. Lysates were harvested at 15 min after SCF or
sham stimulation and were immunoblotted with antibodies to
phosphorylated or non-phosphorylated CREB (a), MITF and (-actin
(b), ERK (¢), MEK (d), Raf-1 (e), Shc (f) and c-KIT (g).
Representative immunoblots from three independent experiments
are shown. *p < 0.05, *¥*p < 0.01



FTH HMIZEBIT5 WFA @ SCFFE Y VA FEEMHENICX 35 DTT O %

WFA /X c-Kit ® B & U V(LA TdH 5 Tyr936 (2% LT, SCF THHE SN D Z DEALO
U UL ZIH T 5 2 E S E Ao 72 (Fig. 7-g), £ 72 WFA 1% SH K& & RS AL IS FF
oTFuTArxF—B LA L, ZOEELHIETOEMRMONI Y 188 RIFEDOLE S
A7 A T =X L3M# & cKit OA Y YBEDRIHEI STV D DN E S NEHERT 5120
Dithiothreitol(DTT) % VM M&EFE L 7=, HM % WFA(50 nM) % O DTT T 3 Bfff] 7’ L 1 > F =
R—v 3L, SCFGnM)IFIMNA S 15 43858t . c-Kit/CRBE/MITF @ U > fi#{t. % Western
Blotting (Z Tl L 7=, WFA(50 nM)I{Z & W SCF # & c-Kit/CRBE/MITF @ U > @b % #1H)

T 5Dk L, WFAGGO nM) +DTT HRIC L > TE OB RN E I END Z ENHL M E
72 - 7= (Fig. 8),

WFA(SOnhM) — + — + — + = +
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p-c-Kit(Tyr936) 145kDa->I; - ! e Wow i il
105“’3";

p-CREB(Ser133) 43kDa—»
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B-actin 42kDa B P ——_—

Fig. 8 DTT reverses the WFA-suppressed phosphorylation of ¢-KIT and the subsequent series of phosphorylations of
signaling intermediates in SCF-treated NHMs. NHMs were co-treated with 250 pM DTT and 50 nM WFA for 1 h and were
then treated with 5 nM SCF for 5 min. Lysates were harvested at 5 min after SCF or sham stimulation and were

immunoblotted with antibodies to phosphorylated or non-phosphorylated c-KIT, CREB, MITF and B-actin. Representative
immunoblots from three independent experiments are shown
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WFA |12 £ %5 SCF #%4# c-KIT U Bk oMl zh K1, SCF/e-Kit OfEAMHEEEST 2 Z &
WCERLTWDSDNE 90 %2R LT, HM % 4°C F T WFA(50 nM)+SCFGnM)#RAN 2
&%, ACTFTH LW TY v A Lz, 3TCORMAZTIML 5 53/10 53/15 /i,
c-Kit/ERK/CRBE/MITF o VU 4k % Western Blotting |2 TFEAfi L 72, WFA A #2570
5. CoREEICB VTS SCFRMIC LY ¢-Kit/ERK/CRBE/MITF 0V LRt 3 i &
iz7z® WFA X SCF/c-Kitfi & Z# L ET HERAZH L2 & n3imme &z (Fig. 9-a,b,c),
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Fig. % Effect of WFA on the hinding of 3CF to the c-KIT receptor
After incubation at 4 °C for 2 h with 5 nM 5CF in the presence or
absence of WFA, followed by the removal of unbound SCF or WEA
by washing three tmes with fresh medium supplemented by 1 % BSA
and then raising the temperature to 37 °C fo start the signaling
reaction, after which Western Motting was  performed for the
phosphorvlation of ¢-KIT. MITF and CREB at 5 {a). 10 (b} and
15 min (g) after raising the temperature o 37 “C. Heprescntative
immunoblots from three independent experiments are shown
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AWFZEIZ L 50nM & W 5 (RIS WFA 12 SCF T &% HEE o FEILEICKT 5
AL RN bz (Fig. 1-a), 2D & & SCF THMEINI AT = AMEEY R
(MITF. TYR. TYRP1, DCT, PMEL17, c-Kit) D i#{x+ 58 (Fig. 2), # > /37 381 (Fig. 3,4)
OIFIDENBO =72, WFA OEA AL MITF &/ - RBLRIO ERICH D 2 &M
HRINT-, 2 a2#ERT 5720 HM 2 W MITF B 5 v 7 F 4 7 (ERK.MEK,
Rafl, She, c-Kit) % Q55 K1 (CREB) (Z2xf3 2% WFA OZh R A2 RFEL 7=, £ OfEHE., SCF
FHEOEK T T TNy KOG RO U bR % WFAGBGO nMIEA Z Il L (Fig. 7).
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WIRBE LI 7 F ) A DO RWMSNDOREEY A P A2 I T—L L, ZTDdH LE
EINDAT=VEAFEY A ML VICEoTHIEREZIND, DF D EIRFEOOTR
WAEIE, EIMRICBER I N2 7F /%A M LIC K2 MaMMEEERG— N7 A4 1E
Mok, r7F %A b X7 %A b Lo REMBHEAEIERCIZ 27 Z 4 AFRDIZE Y 5]
TR SND, UVB SFEOEFILE TR AT =V EAFEY A PV AL LT EDNI,
SCF. o MSH O 5235 51 91019201400 UVA TiI GM-CSFUR 7 T F /%A F b oy
wansZlizkvnslgzansg, Zhoo¥ A A ofTH EDN1 AU SCF &
UVBF#HEOERNEICKRBEEL TV, EDN1 & SCFIIMHFEHIICA T 2 F A N DHFE K
OA T = VARSI E D 22,

AWFZETIL UVB THEIND T T7F /A MinbORMERF & 2T 7 YA S OFAEAEN
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AX(SIGMA ALDRICH #:#4) & DMSO(Wako #-#4) Z/EA L 8mM [Tl L 72%. b—
k7w 7T 80C « £ 20 /RIMEL L, SE&ICIAEM S E7-, BliFEH#IC 1000 F4&]R T
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F5H Fr i —EIEEHE
F v —EiEMHHIE L MBTH % (Winder A. et al., 1991, Eur.J. Biochem. 198:317-326)
B L Fid ik T1Fr » 7=, Lysis Buffer(0.5% sodium deoxycholate,0.5%
TritonX-100,1mM PMSF) CHlifdZFIL L, ZOfMiZ 4 &— 1+ 20u L & 100u L Assay
buffer(100mM sodium phosphate buffer(pH7.1) . 4%N-N-dimethyl formamide) & 8 50 u
L 5mM L-DOPA, 50 ¢ L 20.7mM MBTH ZJ&& L., 37C30 4rf#l A > F = _X— %, 505nm
O THIE LT,

H6H YA FhA v EEEELISA )
B U 7= # i Eyg 2> 5 ELISA Kit : Interleukin(IL)-1a, IL-6, IL-8, GM-CSF , TNFa
(ThermoFisher Scientific #:#4), « MSH., END1 (%% k52t 4t8L), PGE2(Cayman
Chemical ) Z{FEH L 72 ha—LICiEWER LT,

BIE vTRE T ny MEWE

W= A &— % BCA {£(BCA Protein Assay Kit/Pierce #-BEF)IC L W & 7 &
L —EREICHHE L7=1% ., Sample buffer JE 5% 95C5 MBALE L Z x> 7 & L,
B 7N %& SDS-PAGE IZ L W Bt L7-% > /)7 &% PVDF JEICEZE L, Fid 1 %kHiiE(Can
get signal solution1/TOYOBO # CA7 ) & fUt S Bk #% . Nid HRP ik 2 IFIK(Can
get signal solution2/TOYOBO # CTHAH) & Kt ¥ 72, N ROKHIZIZ ECL & ECL
plus(GE ~/L 2 7 748 2 vy, X7 4 v A (Hyperfilm ECL/GE ~/L 2 /7 7 #t) & B4k
(MAX RHEIN MR-SE-2S/= v 7 A5 2 H L 7=,

1 Rbik% I—h-
CREB antibody Cell signaling Technology
Phospho-ser133 CREB Cell signaling Technology
ERK Cell signaling Technology
Phospho-ERK(p-p44/42MAPK) Cell signaling Technology
MITF Dr.D.E.Fisher(Harvard Medical Schoo)/\i it &5
B-actin SIGMA ALDRICH
MEK1/2 Antibody Cell signaling Technology
Phospho-MEK1/2 (Ser217/221) (41G9) Rabbit mAb Cell signaling Technology
Phospho-c—Raf (Ser338) Cell signaling Technology
c—Raf Cell signaling Technology

2 RinKH FREE I=h— &

Anti—Rabbit IgG, HRP-Linked Whole Ab Donkey 1/10000 GEANILARYT NA934-1ML
Anti-Mouse IgG, HRP-Linked Whole Ab Sheep 1/10000 GE NLRTT NA931-1ML
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%58 U 7% A 5 RTPCR#%

Total RNA Ot RNeasy Mini Kit (Qiagen #-#!) % vy, cDNA & /%21 Rever Tra
Ace qPCR RT kit(TOYOBO ##) % v 7=, Tithislo PCR 77 A v —& Power SYBR
Green PCR Master Mix (Applied Biosystems =) ZfiH L Y 7 /v % A4 A RT-PCR % L7z,

Forward Reverse
GAPDH 5-GAAGGTGAAGGTCGGAGTCAACG-3 5-AGTCCTTCCACGATAACCAAAGTTG-3
TYR 5-CCTCAAAGCATGCACAAT-3’ 5-GACGACCAGCAAGCTCACAAG-3
MITF 5-TCCGTCTCTCACTGGATTGGTG-3’ 5-CGTGAATGTGTGTTCATGCCTGG-3
TYRP1 5-TCATCTATTCCTGAATGGAACAGG-3’ 5-AATGAGTGCAACCAGTAACAAAGC-3

%91 EDN1 H i
Anti-Human END1 antibody (5¢#% A= % b 5% Bt #8248 F) % 8 7K C 100 1 g/mL (& R% .
BOEIREEN 0.1~10ng/mL 1272 % X 9 M E RGN L 7=,

H10TH B Ft s
WEHfENT X JSTATIZ L 0 FEits L 7=, — X% th#k D355 1% Student's t-test F 721X Welch's t-test.
2 BB DA 1L Tukey's test £ 721X Dunnett's test TH#EAT L. P 0.05 R &2 Hat Al
BEE L,
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SEof KBRRER

#17H HPK-HM #£35#®128B175 UVBERE HPKIZ K5 HM DX 7 =V Sk BEEREF
REEBIXOF e —EBEE~DOEE

HPK (C UVB 80md/cm?2 f@5F L HM & 5% % 2 7 = G BE R F BB~ D EH L
U7 NnEALRT-PCRIZ KV Z5Fl L7 5, MITF (X UVB 425 24 B2 A EICZE D
FEELEM L (Fig. 1-a), TYR 1 24~48 FFf# 1% 12 (Fig. 1-b), TYRP1 (% 36~ 72 ¢ 1% 12 (Fig.
1-)BBNEM S Nz, F oy —BiEMix UVB B4 40, 60, 80 md/cm? ¥ HPK & HM
O IHAFEERE T2 FERIC R VT, BEEICEA L THMmAED b (Fig. 2-a). AV T LU RT
PA X 1.0 KO 3.0u m ITIHEFE LRV Z & 2R L7-(Fig. 2-b),
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3 6 9 12 24 36 48 72
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Fig. 1. Effects of UVB-expx of HKs on gene ion levels of MITF, TYR and TYRP1 in HMs in co-culture. HKs cultured in cell culture inserts were washed twice with
PBS and were then exposed to UVB at a dose of 80 m]/cm?. HMs in co-culture units with UVB-exposed HKs in cell culture inserts were cultured for 72 h to measure expression
of MITF (a), TYR (b) and TYRP1 (c) at the mRNA level at the indicated post-irradiation times. Results are normalized to GAPDH. Values are means + S.D. derived from 3
independent experiments. **: p < 0.01 vs 0 mJjcm?.
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Fig. 2. Effects of UVB-exposure of HKs on TYR activity in HMs in co-culture. (a) pore size 1.0 um, at 72 h post-irradiation, (b) pore size 1.0 and 3.0 pm, at 72 and 96 h post-
irradiation. HKs cultured in cell culture inserts were washed twice with PBS and were then exposed to UVB at doses of 0, 40, 60 and 80 m]/cm?. HMs in co-culture units with
UVB-exposed HKs in cell culture inserts were cultured for 72 or 96 h to measure TYR activity at the indicated post-irradiation times. Values are means + S.D. derived from 3
independent experiments. **: p < 0.01, *: p < 0.05 vs 0 mJ/cm’.
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%217 UVBMEE HPRIZX BV A b A U 3W~DFE
HPK (2 UVB 80md/ecm2 Z I L, 0~T2 & Z DOV A A D4 ihE % ELISA 1EIC
LV ERLERE, IL-1o/TNF- o /IL-6/IL-8/EDN1 1% 24~72 WA B2 oWt L,
PGE2/GM-CSF 1% 72 R IZ 3 TLHEDFRD H 7223, o MSH O3 IE#R O b v 7
(Fig. 3).
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Fig. 3. Levels of cytokines secreted into the medium by HKs after UVB irradiation. (a) IL-1a, (b) PGE2, (c) TNFa, (d) GM-CSF, (e) IL-6, (f) «MSH, (g) IL-8, (h) EDN1. HKs cultured
in cell culture inserts were exposed to UVB at a dose of 80 mJ/cm? and levels of cytokines secreted into the conditioned medium were measured by ELISA kits at 0, 3, 6,9, 12,
24, 36, 48 and 72 h post-irradiation. Values are means + S.D. derived from 3 independent experiments. **: p < 0.01, *: p <0.05 vs non-UVB irradiation.
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%37 UVB E#E HPK-HM 3553823617 5 EDN1 Fffik DR

UVBIEZEHPK O AT =V FEAFHEY A 1A CTh D EDN1 W TLEN MR S -7
. EDN1 k% L UVB g% HPK-HM T s n s F oo —BiEEnmfl S
LD DMREE L 72, HPK (2 UVB 80md/cm? FE4T L HM & HR5#% 128\ C, UVB F 4 0~24
%% EDN1 FfFiEZ M L. 48 et 0 F v o —BIEME 2 HIE L= fE 5. BT 12 iy
M KO 24 Biff# o EDN1 FRIFUARINC L Y UVB FEOF 0 o F— B ikt 2 A &2
Hil L7z, F7- HM HlE #1238\ T, EDN1 RN 0~36 FFfE AT EDN1 HFHL iR Crif LBt
L. EDN1 500 48 K¢t o F o > —BiEMEZHE L2 #5 5. EDN1IRINERTR L O 12 K
METOFFIPARFINC LY EDNL ICE D FE SR T a v —BEEoRE 2 IE 23780
biviz, HPK ~@® UVB M4 E#% D EDN1 FFFARLEE &K O HM ~® EDN1 AL# 24~36
BEfI AT EDN1 FRHUR ORI CidTF v o —BIEERHH S 2o - 7=k, EDN1
HRHUR OB N R <, KIET D720 LB b5,

@ 2.5
é 2 \ ) Cuve()
g% 15 | %/§ UVB(+)
=¥ ?%§ % UVB(+)
éﬁ 1 %§ % *A\f; f:Opg/ml
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Fig. 4. Abrogation by EDN1 antibodies of the stimulated TYR activity. (a) Co-culture system with UVB-exposed HKs. Neutralizing antibodies to EDN1 (AE) were added at
concentrations of 100 pgf/ml, 1 ng/ml and 10 ng/ml to the co-culture system with UVB-exposed HKs 0, 12, and 24 h after UVB irradiation at a dose of 80 mJ/cm?, after which
the co-culture system was continued for 48 h. The lysates of HMs were then assessed for TYR activity at 48 h post-irradiation. Values are means * S.D. from 3 independent
experiments. *: p < 0.05 and **: p < 0.01. (b) EDN1-treated HMs alone. Neutralizing antibodies to EDN1 (AE) were added at concentrations of 100 pg/ml, 1 ng/ml and 10 ng/ml
to HMs 0, 12, 24 and 36 h before the addition of EDN1 at a concentration of 10 nM, after which HMs were cultured for 48 h. The lysates of HMs were then assessed for TYR
activity at 48 h post-EDN1-treatment. Values are means # S.D. from 3 independent experiments. “: p < 0.05, **: p<0.01.
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%431 UVBREE HPK-HM FEF v o —EBiEHICIHT 5 AX OZFE
UVB % HPK & © HM :5538 THE I D T v v F—BIEMHRICRT 2 AX O R % 7l
L7ofER, UVB BTE®Z AX BRI LY, UVB &% HPK TiFEsind HM o F v i) —
BT AXQ, 4, 8u MIRINIC K W AREICHHI S D Z &R sl (Fig. 5) .
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Fig. 5. Abrogation of the stimulated TYR activity by AX in co-culture with UVB-
exposed HKs. AX was added at concentrations of 1, 4 and 8 uM to the co-culture
system with UVB-exposed HKs immediately after UVB irradiation at a dose of
80 mj/cm?, after which the co-culture system was continued for 48 h. The lysates of
HMs were then assessed for TYR activity at 48 h post-irradiation. Values are
means * S.D. from 3 independent experiments. *: p < 0.05, *": p<0.01.
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F5H UVBHEYA ML U DWILEIZHNT D AX DB E

UVB i HPK & HM #£55# (2L 0 F o o —BIEMERHEER S, AX I XKD Z 0
DHHIEND Z EDRHERENT-, ZOF v o —BiEMHMmIT UVB g% HPK 75 W Tk
&N EDNLICLD b0 RSN, UVBIREGE HPK 75 it &5 EDN1 <
FOMDOY A S A kT B AX ORI\ T, HaCaT i 2 UkGEE L 7=, HaCaT
ARz % L UVB 80md/ecm?2 B % 12 AX(4~8uM) & IR L 6~72 RF[E5 &% OB 4% LI
DY A NI A % ELISA RIC XV E& LR, UVB I LV it sihsd EDN1(BG#E
12~72 KDL, AX8uM RINC X 0 ARG 28 7D Hiv, £ Oftt IL-8/GM-CSF/IL-1 o
[PGE2/IL-6(153% 72 FEf) D UVB #FE O 3 WL lCxt L, 37X T AX8uM MG Z IR L
Pl 7=, SIS D TNF- 242 AX Ol RITE b hn-7- (Fig.
6) .
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Fig. 6. Abrogating effects of WFA on the increased secretion of cytokines in UVB-exposed HaCaT cells. HaCaT cells were exposed to UVB at a dose of 80 mj/cm? immediately
after the addition of AX at the indicated concentrations (1-8 jtM) and levels of cytokines secreted into the conditioned medium were measured for EDN1 (a) at the indicated h
post-irradiation, and for IL-8 (b), GM-CSF (c), IL-1x (d), IL-6 (e), PGE; (f) and TNFx (g) at 72 h post-irradiation using ELISA Kits. Values are means + S.D. derived from 3
independent experiments. **: p <0.01, *: p <0.05.
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%61 UVBIEE HPK-HM HFEF o P F—PEMHICKT 5 WFA OE

UVBIE#E HPK & © HM LI # CHE SN 5 T a v —BIEtEic k3 5 WFA O %h 5 % 31
fliL7=, HPK (Z%f L WFA(12.5, 25, 50 nM) T 2 Kfff]7' L A v Fa~xX—2 3> L, UVB
80md/cm? fiif 1%, HM & i35 L 96 RFHEE &% O F v v 7 —BiEME A4 JE L7/ R. UVB
R HPK THHE X5 HM ©F v v —EBiEPEiL WFA(12.5, 25, 50 n M)W L0 A&
sl Eh s Z LR sz (Fig. 7) .
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Fig. 7. Abrogation of the stimulated TYR activity by WFA in co-culture with UVB-
exposed HKs. WFA was added at concentrations of 12.5, 25 and 50 nM to the co-
culture with UVB-exposed HKs 2 h before UVB irradiation at a dose of 80 m)/cm?,
after which the co-culture was continued for 96 h. The lysates of HMs were then
assessed for TYR activity at 96 h post-irradiation. Values are means £ S.D. from 3
independent experiments. **: p <0.01.

%7TH UVBWRE HPK 0% A1 b A U3 WTLEICR 5 WFA O%R

HPK (Zxt L WFA(50 nM) T 2 i 7' L A v F 22— 3 > L, UVB 80md/cm? FE 5% .
12~72 BB E OREE LIEFR OV A A % ELISA B LD EE LZ#ESR, UVB (I
0 Wt S5 EDN1(E5 78 24~ 48 KERE)IZ WFA SAINC K 0 A B 220 2358 90 5 1 (Fig.
8-c). = Ol 1L-6/ IL-8 ® UVB #HE D /W T (B8 24~72 FERDIZR L, WFAIRINZ X v
i &7z (Fig. 8-a,b) .
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Fig. 8. Abrogating effects of WFA on the increased secretion of cytokines in UVB- E i —
exposed HKs. HKs were exposed to UVE at a dose of 80 m|/cm® 2 h after the addition (=}
of WFA (50 nM) and levels of cytokines secreted into the conditioned medium in = i
cell inserts were measured for IL-6 (a), IL-8 (b) and EDN1 [c] using ELISA kits at 12, i 5 :
24, 36, 48 and 72 h post-irradiation. Values are means + S.D. derived from 3 12h 24h 36h 48h 72h
independent experiments. **: p <0.01, *: p < 0.05, Post-Irradiation Time
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%81 EDNI1 #H&E HM Fr o —BiEHICH+ 2% WFA O &R
(2% L WFA(0 nM) T 2 BEfH] 7 L A > F 2 _X—3 3 %, EDN1 ¥ 72 BEfE#% o F
0 —BIEMEAZHE LR, WFAGO nM)IRINZ LW EDN1FEEOF o v —EBIEHD
HERIZXH T 2 BB RME RO bz, £/ HM 74’Jz~ MZ EDN1 #INCHEIND T
0 v —BIEMEICR L WFAGBO nM)IZMHIIER Z RS ho/zZ &L, WFA (ZFa v
—VPHEEMEERZA LW 3RS (Fig. 9) .
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Fig. 9. Effects of WFA on TYR activity in EDN1-stimulated HMs. HMs were cultured
in the presence of WFA at a concentration of 50 nM for 2 h, then were treated with
EDN1 {10 nM) and maintained in culture for 72 h, after which cell lysates were
prepared for the measurement of TYR activity. In another experiment, HMs were
cultured in the absence of WFA for 48 h after EDN1 stimulation after which cell
lysates were prepared and TYR activity was measured after adding WFA at a
concentration of 50 nM. TYR activity was measured as delta absorbance (505 nm)f
pg protein and is expressed as relative to the control without EDN1. Values are
means + 5.D. derived from 3 independent experiments. **: p < 0.01.
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%93H EDN1 #FE HM ¥ 7/ F L EZRE I T 5 WFA OMHIZh R

WFA |2k %5 EDN1 % HM o F v o> —BiGtEmmfEmR L. EDN1 filigic k5> 7
NMEEOHETH D = L AHELE I 7-7-D , EDN1 #%i#E 0 RaffMEK/ERK/MITF/CREB O
MAb %95 WFA O#h B4 554 L7-, HM (2% L WFA(12.5, 25, 50 nM) T 2 BRi 7 L o1
X aX—v a3 L, EDNL N 15 5% O%K v 7 F o1 iER D U U R{k % Western
blotting THEAf L 72#E %, EDN1 T#HE &5 Raf/MEK/ERK/MITF/CREB @V > gk %
WFAGG0 nM) B3 A B HHI 2 2 & iR S iz (Fig. 10)
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Fig. 10. Effects of WFA on the EDN1-stimulated phosphorylation of Raf-1 (a), MEK (b), ERK (c), MITF (d) and CREB (e} in HMs, HMs were treated with 10 nM EDN1 in the
presence or absence of WFA at concentrations of 12,5, 25 and 50 nM. Lysates were harvested at 15 min post-treatment with EDN1 and were immunaoblotted with antibodies
to MITF and phosphorylated or non-phosphorylated Raf-1/MEK/ERK/CREB. Values are means = S.D. derived from 3 independent experiments. Representative immunoblots

from 3 independent experiments are shown. *: p < 0.05, **: p < 0.01.
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B B

HROCRIEEIZTTTF /A b—2T %A FROELZHHEFME—A T A FED
A MIALENLTENRNT I T4 MERICEVEIEREZ &5, A% TIE UVB TEES
NLTT7F A b—2AT V%A NEONRT 7 T4 MNEREN LIZARLEIZONT, B
A —braeHWEEERR T o v —BIEEEEE L. ZOMEERZBITT5 & L
HIZ, BELEMHFE L TOAX FOWFA DR EZD A D =X L% EH L=, UVB T
H%E@éﬁ’bt HPK & HM % #5558 35 &\ UVB B &ICKF L TF v v —BiEHE OB R
B b (Fig. 2), AT =VEARE X X7 (TYR, TYRPDXZ 05 K (MITF) O i#E{x
T BN X iz (Fig. 1), UVB g HPK-HM 5% O EiE 5 IL-1 o /TNF- o
/TL-6/IL-8/EDN1/PGE2/GM-CSF Oyt ZR® S 7=, «a MSH 3 &< B &hino7-
(Fig. 3), £ 7= UVB I##% HPK-HM #:£%3%5%2 (2 EDN1 FfiHik CALE9 2 & UVB T an b
F v F—PIEEO BB OMHE 23580 b (Fig. 4). UVB 2§ HPK-HM 523 %128 T HPK
L0 WINHWEMERFDOH T EDN1 WA T =V EALZFET L2 TEERR 7 TH D Z &NRRE
SN, ZOfEHE 1T Imokawa G, et al. (J Biol Chem 1992) 5 W\ #is L7 UVBIC L A @ik
EHEYA A OEERKNFLE L TCEDNL ARESNZZ EE—HKLTBY, Zok/LA
Y — &AWz HPK-HM B U A7 A0 8 LW UVB B8 AR EET VIR 95
AIREMEN R ST,

KiZ HPK-HM #5538 v 27 A% Fv, UVB B GHE RS ICKT 5 AX KON WFA O3

Z 3 L 7=, UVBEEE HPK (2317 %5 WFA ORBK BRI E 7213 AX ORBEZIRINC L - T
UVB THE 5T 1 v —BiEEOBERIC KT 2 sl R 25O b v/ (Fig. 5, 7)., AX
X UVB %% HaCaT Mla(HPK EIZIEFR UE#EHEZRT EBZZ N0 0UWMEESILD
EDN1 o#fzh RniBo bi=7 (Fig. 6). EDN1 THE S5 HM O A 7 = U pEAICRE D
%7 KOG R 2% L COMBIEIRIZA O ho - CRFERT — #), WFA IX
UVB 2% HPK 7> 5 3 MiEdE 3% EDN1 o #iifil2h # (Fig. ) 3@ b s & & 112, EDN1
WINHM (2815 %5 EDN1 % 2 7 L%+ Rafl/MEK/ERK/MITF/CREB @ V 2 {b #5873
AHECHH =7z (Fig. 10),

PLEDRER LD, A Y — a2 HW= HPK-HM 558 0 AT AENT 7 T4 0 THE
3 2 MR DR E R OMEIHER OATICA R 2FHIR & Wi XT 7 T4 B HRIL
EMHIFE L CAX KO WFA XA THD Z LR E Nz,
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HOE RIS

— MR L DA N VAT T F ARG U e EFIRBICR T 2 E N EETH
FAMED @ ERER K NEERINLIZ 2D LB bND, IR TEREIND V7T EER
WA FE RPN CE L, BAMRIC I D & D REREICKR U, 224 CHEARM A2 i Al K&
OFBEANC 22 D REME NN b B = OB A HT . ARHFZE TITLESE UVB NG 72 5 4 R fEkE
- RIE - ALTUHE - AFBERF KT D AX LT WFA OISR & = OB 20 5
WTAHZEEHBE LT,

%1 ®TIX UVB Tl SN DRI - ALt - RIS OREMT 2L, £
72 AX L OYWFA O Z N E TORFEIZOWTE & DT,

92 ETIX UVB FEORIEICK L AX OFIRIEDN R ZFFM 32 5 2 T, AX % UVB M4t
AMEITBREBEX A IV T EEZTHEM LT, 204 IV TOENVIEYRIEICEDS
TN OMREICKR L AX OEH RPN RS Z 2R LT, BEICHFTET 5 AX Otk
JERNRICEIT 22 LTk, LPS & 5\ & HeOq2 72 E O RIKIN 7 O RMAETIZ AX CTHUET 5 7=
D AX OEA AT ROS HEIC L A WIHIRIERE > 7 F /WIS ORETH I 7 hb
5. VTV RO NF-« BREREELOMRELE W) BofEmn < HEEHaIh T,
AKIFFETIE UVB BB 0 AX IRINTH PGE/IL-8 Ot EZFEICIZ D Z L 200 T
R L. ZORIEYA b B A 43mTidED AX 2 X 2 3H/EH 1 MSK1 o3 M B2 (2 2 K 9
LENWIFTMAEREDL Z ENTERE, ZORIT AX ORBILEHICE 20N E H 0
IR, RV CEREEEE Th D MSKL OIEMEZIHIT2 2 &b, AXIEIEARS LL
I ETRIZEL TCWD ZENTFHIESN.UVB TRE D L Ky 7 AT 2 2O AR L % i
HILTWAARRMENREZ 6D, o AX TR ZZ T -BOLBIZE T, EEIRE
BT OHEMEORVWEM THDLZENTRBEINDS, A% T IMED (2435
UVB(80md/cm?2) % W& L7=75, HPK (2 & » CHliEs R &t T ThH D720, 7R b— ZIZH
STl T F A A AR=Hil) R R S, DNAOEEOF TCHLRbEERBEHETHD
DNA — A#HUWr(double strand break) 734 U T\ 2 Aa[gEM N H 5, UVBIREE S 7 F ) -4
MZEIF D AX @ DNA HBEMEIRO®RENH DA, AX i UVB BERTLE TH 5720,
TR AL T O AX OAZEOFEIZHSOWTASHOMIEREE L iz & 2T\ 5,

3 EDOMETIZE 7 TF /B A MW T UVBEEEIC LY TGasel EELNHIM I
52 EHPDTHSINT Lz, £7- UVB #HiE o TGasel 1% UVB BEAT AX 0N & OB 1%
AX RIIcv il ShizZ &b, 8 2 O THIZ AX O 7 F 5 1-BRE O Rk % 7]
AL, UVB#HED TGasel BHDO Y 7 FIARERKEZH O Lz, ¥ 7F /%A MBI
% TGasel BT AP1 RMIC LV EE 5 L DOHREILH DD, AL TD UVB #%5E TGasel
HKBUINF-«k BRETHLZENH LV L LTHLNTE, AXZHW15 2 & TUVB#HE
® TGasel FEHLZIE NF-«k B & MSK1 OIEMHAEN VLA TH D Z DR S, 240D OIEMES
MOHIE A UVB BRI L 2 ALICHEDIBIRICIGH CE 28—y bk 552 L
DHFEEINAN, SBANICEDLZrY 2V A AR Y Ui EORIBRE D AR X v
R~ —H—D UVBIZ K DB LT 2 LR H Y | S%OMFRIREE Lz,

B 4ETIIUVBHFEOGOHREILEETT /L E L TCHEE XOHM 2\, UVBHEDO X 7 =
VIEATHEY A N A ThDH SCF THIBE L., R ILEMHIAl & LToO WFA O %) R % 5F
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L7z, WFAIE 50nM &\ 5 KR EC SCFFEDBRILAE LG L, Fr o —BEERE
TERSSHIIAEFRA~DOEEN R, BETHREO B WERLEMHIFNIC/LD 25 Z L B/R
Iz, WFAIZ L% SCF i8R A KT 2 Milzh R i, SCF OZHFETH S c-Kit
DIEMZMHIT 25 Z EPMEHARIC/> T D, ZHud cKit 1L SH BEEICIEE RA A V&2 F
L.WFA O FHEENICET ST 7 PN SHE LA LTOEMEEZEL TS Z &
MEBZOND, ZOFTZIMLN45E#% O SCF FEARINEICE T 5 c-Kit O RIEMALFEM O
A7 V== TICAERIERERDZENEZBND,

WHEETIITFIF /A N—AT %A NEDONRT 7 T4 AERM%EI L7z UVB#FHEOE
FILEH T HIEIFOFMMZ L LT, A ¥ — bR 2T A& #E L2, HPK
UVB ZHE L HM L3835 L, Fuiv b —BiEHEeA T =0 AEEY 37 O s
TREAOHEBEAFED 1L, UVBIEEZ HPK 0260 WS nd I u v —EBiEhEm a2 HE% 45
K7IX EDN1 TH D Z LR Lo, Z ORI Imokawa G, et al. (J Biol Chem 1992) 5
NEL7-, UVB FEARILEICB TS HPK-HM W03 7 5 4 [N+ EDN1 T 5
ERIBELIEZZEE—HLTBY, B U — NEEEREZHAWVWIEZ DOV AT ANBNRT I Z
A VBRI EOMERHIICHEN THL Z N RSN, ZOFliv AT A2k, AX
K& O WFA 1% UVB I## HPK ® EDN1 syt il L, & 512 WFA X EDN1 CiE AL
ENns 7 bERafl OV CED) B IEIT D 2 E N b olz 5 4 B THERM L7 HEE
1%, b PEFEEIOEWEGE 2> HPK—HM L% Th o, B TRBEILSE 2RI 5 2
EMTEDLREFABZVA, EEED UVB IBREER CIXARLEH AL I L BET
X7, ZORBRIZITm NV, RIFSEOEALA U — M EEEE R E v HPK-HM
W15 3% CI1, HPK BT o UVB RESCHEIER 7 O3 OfiFfir, HM BT OB 738 -
BN BT ENTE DO, LVIEIAL XV NT 7 T4 U HGELRE NS O
TER A ORENAIEETH S, Lo L UVB EEE HPK CEAHIM I L5 SCF I HPK O
i EICDOBIE LW SN W=H, B v —MNERDA LT LU 2 FZiaEd, 27/
YA b~DRT 7 FTAMNEHEFMMTERVRAEANH Y HEE §Hli R & OV B n gL
25, FABOMIHEL LTIiE, UVBIEEEE HPK 726 WLt 45 END1 @ AX KO
WFA OFIREF 2 500235 & & i, SCFle-Kit ¥ 271k & END1/EDNRB 7
TR KIET AX OERBEROENZHRAT L Z N8B 2015,

PLEARRFZEIC L0 AX 2O WFA 2388408 UVB THl &2 = S 2 2 E O FBLEI R O
MEAE LTHHATO DL Z L 2R Lo, SRR TORLMALEZ N2 in vitro 7FAli 7154
X, AERBES R ONEIEE AL ORI W TEERIZE > TROZ2AHEO R WERSZ L L
THBTE D Z DR RWICHI/HTE D,
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WIE BiEE

K EKADITHTZY | AEOHE 2 5 2 TW 2 & SRR 5MFRE &R ZHE 2 15
S HERY FEBRR, F) Ll RAECHEATEHOBERLET, 2. ARICHZ
V. ARRAEIEE L EE 2RO RR TRRY: #i LA AT BAECRCEHOZ L&
LET, SHICARMIFEDOZETICH Y . ZRARWH AN TR RS FIFFEEO KL
DERICK L TOL LV EHCZLET, RFRZEDHICHD | RO LWIFRRE 2 5
ZTHES ELBIC ZRRL2THWEEBY ELETHRE & FH BRI CICENEEDE
FRICHREZRD T & & BITESHLRE L ETES,
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