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— b EENO)IZTAEKANICTH W TN L MBS kR T
(endothelium-derived relaxing factor): L T < WH TF 1 7 & A
INVDENHTARAT 42— F —ThHdHIERER IR V2, BE
CELET, BHEMEGYY~F, KEXWME. 72—V HA v R
VIRTEEREIRFE S AR OB L P IMBICE W TABEEN, HEEN
CEBEREHERZLTCVDZIERHALNERSTETWND Y, KE
CEWTH NOFTEELRERHZH > TWVWDL I ENTho TWD, il
DT P —MEEREORGEREB DD BARICE o THFEREIND
fLBE DD RERKIESEORAFRAZ L ZAOBBICEET 5 2 LN HA
IR TWVWD, &6, MERNRHEERNFLa T —F o ElaRET D
e HEIHRY MEFEHESCAGHBEBICES N TH NOOF X N EHE
THDHZERHLNITHR > TE7, NO I NO A kEEFR(NOS)IZT LY
L-7 VX = NOHEEIND, NOSITA RS EE3IDDT A Y 7 4 —
ANFET D ENMLNAT WD DD N EAE NOS(eNOS) & fix il

NOS(BNOSIZHE M Ic B L TRV, TOEMIL Ca? - v EY 2V

i

VIR FE LT WD, — . % E A NOS(INOS)IX Ca* Ik 17 T
interferon-y, tumor necrosis factor-a, lipopolysaccharide @ X 9 72 & JiE
WA R A ICE Y REARFE I D DO,
BABRZEBICRHF L LS ICHETITNOMNEELEIND Z L &R
TV oL OWRENRD D, KRB H TEE LD ABEA NOS IE M
HEROKRGICIVEBINTEZHEIRBETICNOBELESIALTWVD
ZeERLTWD T FREREST T A MICEARE RS L

CEICNOMWEAINDIZ EEZRLERE L H D 120, —F | %4
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MPAEEIZHELLZE, AT 7 A MPNOTFrYF—EBEBILIOTFrvf
—PHEBEOH I ICL VAT = ARBPE M LAEZELENEL D
CEERLSMONTEBERTHDL, FEHARICIVBERLELEED AL
SAXLFEABICEBINTZ ST T A4 VEOMBL G KH I
L2 DAT YA MHBMEFICELZ2ZENTERTHD EE XD
nNTwz N, 2hboXAZ 7% A4 MK E LT, /@R E R
A& )b E » . oa-melanocyte stimulating hormone (a-MSH) 22 23
endothelin-1 (ET-1) ***) F o x4y 770000 FI U .. VX7
LAF R eRxaFx Iy I3 ML Tn5h, ZThbiEFe v,
—tEPEBETFORBEZEAFIELI L HEINN TV D, B 21T,
a-MSH I cyclic adenosine monophosphate (cAMP) ¥ 7 F L # & 29,
ET-1 X protein kinase C (PKC) ¥ 7 F LK DL 2z ZFh B 5 KK
ZBEBLTFr Y F—EBEBTFRERBIICH N TS,

THE, FABRBHIZCEIDZAT=VAERICNOBEEG L TWD Z &R
WESNZ, FABICELYVEBEANTEESNEZNOR AT /A bE
FIM LA T = AP KT LI ENAFEFREORKD 1 >TH D
FAEMENRRINTWVD Y, L2 LAENbFEMR AL =X 21220 T
RERBRE N L > T 5D,

AT=VAEREHB T2 L EEABRTHFEINDIEABOAFZIR
ErMB T 2R FETHL, AT = A2l T ks L
T, RIEOHTMAF AT VA FOEYOMBE»LKEEINDE AT )
A MBAFOmE ., AT A FHIBKFOHELET Y —D TR
v, . Furyr—REEOREND T LR, chEFTERLDOMEM
EROAYMENKEORFIICER S TWE, —F ., AFRIZIEF IR

EHNBREOENPLHEEZFLILDDOAKHME BHbD > TWD,
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0F A ATy FERN TkDa DY AT A4 UEEAEEZL G, B
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FNTOFESMITEICHE, BE Vo BB FET L
EMHBbBNTWD, 72, A0 FF XA IWZIENOET B Y
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FBl1E EARICLD -—MILEROEE

— ML ERZNONIMENEZMMBE ki fERFL& L TRIMEALTE
D DX FIELRARBENEEERE O ZER RIS TV S DY NO
T NO B RBEEZENOSHIZC K W L-7T A X = b EESN D, NOS I
R EBLIDDT A Y 7 —ABRFEET L ERMBA TS D,
W NOS(eNOS) & i NOS(bNOS)IZ M Ic B H L THBY ., =0
EMHT Ca - eV 2 ) VI FELTWD, — 5, i EM NOS(INOS)
X Cca* JE & fF B9 T interferon-y . tumor necrosis factor-a .
lipopolysaccharide @ X 5 2 RIEM S 4 P I A4 VI XV BB NG E S
o e,

NO [T Wzfif. 7 MU — PR, BEAMMERER L V- 2R HKICE
EafkEHlz L TWLAEELDZENBEHBREShTE MY %
S8 B (UVBIC LV FE I N DA BEICIE NOEAOEMAREE L T
WaetEZXZLNRTWND 2, BERTFTF )Y A RO HEAT VA
PO LT NO ICXWiifishTwas 2 enlEsnTWnsg
PN F e ARSIV EEICB VT NOREALASN D Z ERHRE
ENTWD, TOXIRENIBRICEILIEZROBEESLEBFZILE L NO D
FEAICI VRGBTV DHI o LR W, EEIZEHE W T NOS D ¥
BIX UVB OBl L2 tn@mEShhTWwWsd, FE% NOSGNOS)IZ
27 L FEIZ UVB B 24 Bl 206 48 M E CTHFEMRNHAB IN T
W5, UVBIZ L D NOSEH~DODEBIZOWTEREY 7T /¥ A4 K
ZH W T 54 Twvwd, Roméro-Graillet X UVB 2 X 0 K &

NOS(bNOS)%H iNOS LR HE N EH LAV 2 ®WMELE Y, —JF,
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Kang-Rotondo & 1% bNOS O ¥ B2 L H + 52 L &L 7KL *P, NO I
KDoA 2Bl RIT NOS ORBICKVHABAT LI ENRARTH D Z L&
NH ., AMETIE, BEESTF7F 2% A4 M2 UVB B35 2 &£ T NOS
DEBICEBT L2000, FEEETLIHBECTVTHLOT A Y 7 4 —
LARBEET L5006 MNICT D7D UVB B % D bNOS & iNOS O

FEHRIZHOWTHFAF L,

1.2 KB JGE
1.2.1 o 85 5%

Yuspa LI X VeSS o~y ZHKT 7 F /7% A4 F#laRk
(Pam212)i% *®’.Dulbecco’s modified Eagle’s medium (DMEM)IZ 10%fetal
bovine serum (FBS)¥ X Y 100 U/ml X =3 U > 100 y/ml A ~ b 7 K
v A v raEFLEmE Y 37C, 5%CO, FHKA T THEELL, AWM

B % oo W E 1 MTT i &2 f W CRFAl L 72 27,

1.2.2 UVB B 7 &

UVB B4 @ 7= ® il jd 2 phosphate buffered saline (PBS) T ¥t % % .
PBS ® {7 £ T T fluorescent sun lamp FL20SE (Toshiba)% fH \» T UVB &
B L 72, UVB ® i X UV-RADIOMETER UVR-305/365D(11) (TOPCON)
THMELAEZUVBRHZIIFBSB XU 7=/ — L v RAEH O DMEM

B A HWTEREL -,

1.2.3 NO pEE & W0 & 5%
NO EABEBOHEIXT NO OLZERBEW ChHrHmMBEE O =% ET

HZLICXViEM LA, UVB B L7277 F 7% A4 & 6, 12, 24,
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AR Hr I /L. b o MERE © 2 B % fluorometric nitrate/nitrite

assay kit (Cayman)% W THl&E L 7=,

1.2.4 /¥ 7wy T o r 7

Poly(A)"'RNA @ i i iX OligotexTM-dT <Super> mRNA Purification
Kit (Takara)Z Fl \» T1T772 » 72, Poly(A)'RNA (0.5ug)% 1% 7 H 1o — &
(B 04M ANV LT VT b MY VEXKBICEIYEMRL. A 120 2 »
TV VICRNA BB L, A7 L& 80°C, 2 Hifil 4 % 2 X —
LR, vIa X F=Ed RNA Yo —T7%2R/RMLI~A 7 F
A4 ¥ — 3 3 » buffer [7%sodium dodecyl sulfate (SDS)., 50% 7&K /L A 7 3
K (BJ ) fk %% ). 5 Xsaline sodium citrate buffer (5XSSC., pH7.0). 2%
blocking reagent (Roche) . 50mM phosphate buffer(pH7.0) . 0.1%
N-lauroyl sarcocine, 50pg/ml yeast total RNA(Roche)]H+ TH 72 < & b
68C. 24 WLl LA > F 2N —F L7, RNA 71 —7 (T DIG RNA
Labeling Kit (SP6/T7) (Roche)% /A \» ¢cDNA % in vitro i 54 % Z & |Z
XY A& L7z, bNOS B L O glyceraldehyde-3-phosphate dehydrogenase
(G3PDH) RNA Y m — 7 X L ¥4~ U A bNOS ¥ X U G3PDH & 7~
BRANATIVZAXTHZLERHESNLTWVWDE MO BNOS ¢cDNA
(position 3901-4312)*®% X (8 G3PDH c¢DNA (Clontech)X v E# L 7=
RNA 7o =720V, "4 7V A48 —2a %A T L rE2X
SSC. 0.1%SDS ¥ T= i, 15 oM IE#H %K. 0.1XSSC, 0.1%SDS ¥ i
T 68C., 15 MvEyr Lz, £D#% . DIG wash buffer [0.1% blocking
reagent, 0.1IM ~ L A4 V& 3M LT b VU 7 AW (pHS.0)] T ¥ if 1% |
alkaline phosphate conjugated H1 ¥ & % v 7 = > Hi K (Roche)Z i1 L

7~ DIG wash buffer T304 M A > % =2 X— Kk L 7, DIG wash buffer T
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Ve % . S5 E 12 CDP-Star (Roche)% A \» T alkaline phosphate & % % 7

LT L,

1.2.5 U XAZ 7wy kFEN

72 F A b EEALAT L= R—=THD PBS FTY =/ — 3
v, @O REE Y RN BB E LI, # NI EH (30ug)E 2-
AV 7 bhx ¥ — )b T HHE % 7.5%SDS-polyacrylamide gel
electrophoresis (SDS-PAGE)IZ & v B Bl L *” . polyvinylidene difluoride
(PVDF)A v 7 L VG Lz, A7 VLryE7nyxr 7 RER[IS%A
¥ AL INVT . 0.1%Tween20 % & #» PBS]T 1 Bf M ¥ % . #1 bNOS Hi Ik
(Transduction Lab)Z R M L 727 12 v % > ZEERP TLER 1 FER A >
FaN— b L7, M., M LZH BNOS HLiKIT eNOS 35 & U iNOS I
TR IS LR Wnw 2 & 3”6 T d, 0.1%Tween20 % & T
PBS(PBS-T) C ¥ #% . horseradish peroxidase conjugated it ¥~ 7 A IgG
PUK(MMAKOYZ R M L7 oy o Z7HEKETP T, KIE 1 BHA VU F =
N — kL7, " PBS-T T ¥E# 1% . peroxidase I % L H & L T Super
Signal West Dura Extended Duration Substrate (PIERCE)% F \ T A] i

L TR L,

1.2.6 RT-PCR fif #7

Total RNA @ fiff i /X RNeasy Mini Kit (Qiagen )z H W T 72 - 7=,
RT-PCR(reverse transcription-polymerase chain reaction) fi# #7 IZ RNA
PCR Kit (AMV) ver.2.1 (Takara)Zx H \» T4T 72 - 7=, First strand ¢cDNA
!X Toral RNA (lpg)?> & AMYV reverse transcriptase XL & oligo-dT &= H

WA L7, cDNA @ B lE IX Taq polymerase % H \» PCR s % 1 ¥ A
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70V 94°C:1 /M. 62°C:2 43, 72C:2 5y %& 40 A 7 VAT 7% o 7=,
PCRIXIGICH WL 794 ~—% L TRa#T 5,
iNOS (sense) 5’-GGACGAACTCAGTGG GCAGG-3",

(antisense) 5°-GGA GGG GTC GTA ATG TCC AG-3"; 537bp)*?3 1,
G3PDH (sense:) 5°-CCA AGG TCA TCC ATG ACA AC-3",

(antisense) 5°-TTA CTC CTT GGA GGC CAT GT-3’; 527bp)**)39

1.2.7  #EEHALEE
K 2 O EBRIT n=3 TIT72 o 7=, MM 1L 40 8 70 HT #% Dunnet’s 2 &

477 o 2. A EEIX *p<0.05, **p<0.01 TR L j=.

1.3 R

1.3.1 87 7F /7% A4 MIZBITDH UVBIZ XD NO EE

BESZTT IV A PCRBHBIO®UVB % 2,5 mi/ecm” BBH L, #
BASHM B ECTCr 257 7 VA PP EET LI NOEZRE L., OR
B% Fig. 12 L7=, UVBME 6 FrRILIE. RBHOH DL HNO
FEABRDABICHEML TEY, ZOo8NiE 48 KM #% £ Tht\ 72, NO
FEAEOHMBIZIUVBEFNRICKFEL W, E-MBEEoME LY,
UVB 4t 2, S mIi/em> T 7 7 F /¥ A4 F~DF A=V RALAT,

20 mJl/em? L E O BE THB A A — YNBSS N,

1.3.2 UVB B &I L %5 bNOS ODRHIZEH x 5 %
UVB B HIZ L5 bDNOS O RBICHE 2 2B LR AZE-DIC, BB T
F )V A PICEBHBLOUVBZ 2, 5mli/ecm? BE LR 4B %O

mRNA B8 &% /7oy MEICLIVEAREZ, To/FR%E Fig. 212
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A L7, BNOS ® mRNA X RBH O H D L~ UVB BH 5 mI/cm®
THL R 7TV, £TNEERE L L TR FFIZH
i L 72 G3PDH ® mRNA ¥ 7 F /LT UVB B 12 L v B iz A5 hAxn»
Sf, FlvxzAX 7y MEIZXZY UVB BBEH 12 KR % © bNOS
DT EREERHANT, TOR B E Fig. 312/R" L7, bNOS D Z
RIJBRBEIRBHObLbDIZHERY 7ol NnBE2snk-, £,
SDS-PAGE IZ XWX H TN F o NI BHEENRFRLTHDHZ & 2N

7,

1.3.3 UVBBRHIZ LD INOSORHICH 2 2 F 8

UVB B HIZ XL 2 INOSORIBIX //F v 7ay METHEBRIBENTER
Mol WBESFrIF /) VA MCRBHEBELO®UVB Z 5 ml/cm? R
LUK % 412,24 FF 1 % © mRNA % Bl &% RT-PCRIEIC X 0 7=,
ZTORREE Fig. 4T R” LIz, KRBFEOFZ7F 7% 4 FITHBWT PCR KX
Jh & 40 A OV E THET S5 LI K Y iINOS @ mRNA % &} © %
2o LA L7Z2NS6 UVB % 5 ml/em> BE Lz 7 F 7 %A b~ CTldHs#E
4, 12KEM B TCIERBHEOE O LT mRNA O Y7 F VX imil &h
TW/Z,PCREWILX DNA BRI 2+ 25 Z £I2 XLV INOSDHDTH
HZlEWMB LI, 77 F A FITEW T interferon-y®D #Hil| J§ 12 LV
INOS D EEBAFHEINLI Z LN ME I TREY Y, AERRITE W
THLRAOFENHERCCEL, FEANEEREL L CHREKICHEELZ

G3PDH ® mRNA ¥ 7 ;7 /i UVBRHEIZC LY BT AN oT-,

1.4 # %

UVB A IZXI VW EWmREESREETYZ T /% A4 b TIE NOS IEMHERN
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flEmEn NOBWEESRD ZERHEESRL TS PP UVB BA I LY
HEBIND NOS T 3 2DOT7 A Y74 —2D02Hb0nTFNRTHDNn, O
KONPDHRENINTVDEIBRFELEMKRETH D, Weller HIE 9,
E® 72 bOEEIZE W T UVB B 24 K[ £ 12 iINOS @ % Bl k&
+ % Z &% RT-PCR 5 TR L7 P, Zhicxt L. Kang-Rotondo 5
I #EE N7 F A4 MW T UVB B4 #% bNOS # v X 7 B i
FEBINDZEtEUVTAZ T ry METHRLE P, EHIT,
Roméro-Graillet H X #E 7 7 F /A4 b O NO EA & O H ML iNOS
ODRBAFEIZLD LD TIHARNWI L E2RLE?

A TE, BE~UV AT T F 7% A4 N (Pam212)% F Vv UVB &
12X 2% bNOS B LU INOS OB ~D EHEN R EZH T, HBHE
772 F 7% A4 A& UVB BT 562 L1280 6 FFE#ZICITET TIZ NO
FEAEAESNTWD Z & DNE 2T & (Fig.l), —#&BIZ bNOS ? 3 8l 1%
R THI2EVDRTWER, &Y T7F /A4 FIZ UVB BE T
52 LICE D BDNOSO mRNAB L O ¥ v X7 HEo®mMNEHITEHMT 5
L EfEND - (Fig.2, 3), T L O FEIT UVB I X% NO E 4
BEOMHMOER L L TONOSOREEFERNPND-TWVWLINb LAR
WZeEAERLTWD, ZOMODER E L T DONOS OFEFEIEMD L F I
F2Z2LLZBRICANDVLENH D, Z O RIZHEH L T . Roméro-Graillet
I 7F /7% A b~ UVB BBHIC LY bNOS OBER LD 2 7 7
7 &% —_ Bl 2 X A NADPH, tetrahydrobiopterin (6-BH,) 2%
77 F A FTHODNOS OFEHZEEMELHME L TWDHZD TTIERW N
LERELTVWD ™, @M% UVBICE > TR S DM HIE, UVB &
D 3EEMBICIERHmTE S 2, LaL, bNOS® mRNA & % v 87 g

BEOWMICITHEMU LORMEZLELE T L, 20O X5, BNOS ©
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FEREEO EADPROVWEB TREHRINDOIAKMICEETCHLDOND L
AURANNTANN

iNOS RBE~OEBEZRALEDIC/  FrBLOvZAZ T oYy
MNEEZRBATZEPBRMHTCE RN &b, RT-PCR EToO KM Z R
#7T2o RT-PCRIEIZ XY UVBRBHKH O, ZF 7% 4 KT INOS O 3 Bl
BT ENTERL, L2LERNSL  UVBRKN LEY ZF 7 A
T PHEICK L, &L AWHIZINOS ORI IT MM S TWviz(Fig.4),
M %2 AW CUVBBREIC KLY INOSORBE Z R &L EFHE N EE
IZEB W T UVB B4 24 FF I INOS OB B 2 R T F 8 BN & &1L T
W3 P30 F i LR ETANEOREE~ T AT TF )P A
FEHWEEBRMAERETIET IR THL, ZOFFEO@MP & L TIE,
MWl r o F 7% A4 POMRBREOENICIEILIEDONE Ly, jilo
Bl LT, UVB B ZICAEKRNTEBZ S LD INOS O F B EF T,
TI7F A NOBEDITH DM oML KIS DA EOKIEE
A M4 I osTHBIRLTWDH IO LW, W D00 R
JiE M % B C . interferon-y. tumor necrosis factor-a® X 9 2% A ~ H A
VR ENTIUINOSODREB A EH T2 2 BRHEINTWD Y,
F 7= . interferon-y. tumor necrosis factor-all & ¥ iNOS 3 H 23 £ &H L
RS TF A FICUVBRIK T2 2 £12 K0 INOS J& 3 2 # il &
NH2ZERWPEINTVE P, DE, 2o EL»LHE LT, E
Wb PORBIZB W THEZINS UVBRHKICK Y FE XN D INOS
FEBIIRBER TCHRHINRDYT A M AICEos THEEHIZL DL S

DA REENE X bND,
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1.5 &5

KRBT, FxlZF~v AT T7F 7% A4 &2 HWT UVB B4
Xk NOEAZHEMEE LI LxENDT, £ L T DbONOS ® mRNA
BIXOF U RRI7EHEOREAN EH L, £ L T iINOS mRNA O % Bl % B £
s T T2z RmLle, 2NUNOOREIT, 5877 F 7 W
A MIZUVBHHF LZ%ICHE B L5 NO FELE O M IX bNOS @ 5 8Bl o |k
ARhnrboTWhrZETHBHATELIbLARZRVWI EEZRLTW

50
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Fig.1 Effect of UVB irradiation on NO production by keratinocytes. Keratinocytes were
seeded at a density of 8§ X 105 cells/4 ml medium in each 60 mm dish. The cells were
exposed to UVB (0, 2, or 5 mJ/em2), and then incubated in serum-free, phenol red-free
DMEM. The amount of nitrite was measured at 6. 12, 24, and 48 h. Each point represents
the mean of three samples &= SD. ** indicates a significant difference; **p=0.01.
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Fig.2 Effect of UVB irradiation on expression of bNOS mRNA by keratinocytes. Keratinocytes
were exposed to UVB (0. 2, or 5 mJ/em2) and then incubated in serum-free, phenol red-free DMEM.
RNA was extracted from keratinocytes 4 h after UVB irradiation. (A) Northerm blotting analysis
was carried out to detect mRNA for bNOS and G3PDH. (B) Quantitative analysis of the results of
northern blotting. The bands were quantified using a dual-wavelength flying spot scanning
densitometer, model C$-9300PC (Shimadzu, Kyoto, Japan).
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Fig.3 Effect of UVB irradiation on expression of bNOS protein by Keratinocytes.
Keratinocytes were exposed to UVB (0 or § mJ/em?) and then incubated in serum-free,
phenol red-free DMEM. Proteins were extacted from keratinocytes 12 h after UVB
irradiation. (A) Western blotting analysis was used to detect b(NOS protein. SDS-PAGE
analysis of cell extract protein was also carried out. (B) Quantification was done as
described in Fig.2.
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Fig.4 Effect of UVB irradiation on expression of INOS mRNA by Keratinocytes.
Keratinocytes were exposed to UVB (0 or 5§ mJ/cm2) and then incubated in
serum-free, phenol red-free DMEM. RINA was extracted from keratinocytes 4, 12,
and 24 h after UVB irradiation. RT-PCR of 40 cycle-amplification was employed
to detect mRNA foriNOS and G3PDH. Lane M: ©X-174-Haell digest DNA, —
nom-irradiated, +: UVB-irradiation.
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Ho®E —BMILERILIDIAT=VAEKROFHE

2.1 5
FEITEABRBR T2 0LV AT =vosRnE 0 6Eik

FEELELD, AT7=20F AT %A FPTRIALTHDIHRNLERT

Dy F—PREOFurF—PHEBEICL s TEKRIND, KEIC

I

RBHABMBHE LEZE . A7 VA VOV 7F /A FRZED
flOMIEN BN OhD AT 7 F A FPRIBFRHERFABHSAD Z LR
wEINLTWVWD, ZhbDAT 7% FRIBKETFELTIE, BB RXE
il ¥ & v & > . o-melanocyte stimulating hormone (o-MSH)"-?

endothelin-1 (ET-1) Y | Yo zx &g 7550009 FIPv - PR

LA F RO e 22y DR abnTcnsd, 2hbixFayF—

/71

PEEFORAZ LA ST L HESNR TS, fl 21 F. a-MSH
% cyclic adenosine monophosphate (cAMP)Y 7 F /L& & ¥ ET-1
I% protein kinase C(PKC)¥Y 7 F V&K Ve 2T N T B L2 K 2@ L
TFuvrrF—CEBEFRIACH N TD,

T EABMBRHICED AT =V AERIC—BIEEZNOBNEE LT
WL ZENRHREISRTWD, FABRBHIEELRLESLEES 7 F
A PO NO BHREERENOS)ZHMEMIT 22 EAHESITWD P2,
FLENOBTAT /A LT ITF /A PORBEERZHA NI ERT
AT = UAEREERESE S EN SR Y, Brown 5 bicyclic
monoterpene diols A NOA K Z#HFET H & TR EFEL+RT 2 &
ZoRr L7, F72.invivo ERRICEBWTEABRHNICL 2 OFLS
A NOSHHEHOBMICLIVEH s 2BELEIAhTD W, 2ok
2. NO FHEABRMPFICIL - THERINLIBERRARILAEICEER

THEZLTWD Z ERRBINTWD,
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NO ICKVFEEHINDAT=VAEARIZELT, BEXAT7 /A4 %
NO i ikCTHmH 4 MR T2 2L TcFryF—EoEMHE ¥ X
JEROW G REBMT 2 R @ES L P, NOWKLLZ AT =
£ A% 1X cyclic guanosine monophosphate (¢cGMP)Y 7 7 /L R & % 1@

TEMFEBEITWS, L2AL, NO Ik TFuevrf—FEKRFOD
BE~OBEGIXIEEZHLENITR o TR, —F ., PCI2 © X 9 72 fh
OMEIZBWT, NO FAT /A boFrerF—EBLELTFr T
MOE R=N"~ORIG T o2MIETFe o, Frxv T —Fx
EHET 22N RIN TV D "D REE CTIX NO 2 X 2 B [a] Il #
L2 24 FRUATORA T = v AR T 2Fry ) —CHEKBTO

FHOFHHEIZ O TH AT,

2.2 EBRIGIE
2.2.1 Gl fa BE A&

E® e M A Z7 7% A4 F(Z 7 & 7 )X MCDBI53 (2 1%human
melanocyte growth supplement (HMGS)% & e 55 #1 2 H \» 37°C. 5%CO,
FPHR T & LA, JFMERKICIE MCDBIS3 IC 10%fetal bovine
serum (FBS)¥ X U 30ug/ml bovine pituitary extract (BPE)% & T 5% Hii |
B CEELRLZ, NO f#IZ NO 5K ThH 5 S-nitroso-N-
acetylpenicilamine (SNAP: 8 #] 4.6 K[ ) (Research Biochemicals
International)Z ¥ A F L A VLA F ¥ RIZHEM L b O EZFEHMICHEML

7= .

222 FuFr—VIiEMEREGTIE

MRS O R — A F X —BiEMIT Maeda b O FEIWZHE > T
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Tl o7 "™, 25 7% 4 b %& 24well 7 L — 12 10°cells/ml THEHE L
fli 2 I Z R ML TH & L 7= Ml % phosphate buffered saline (PBS) T
Ped® L., 1% TritonX-100 # & & PBS TV =4 — 3 3 > L CH i H
W&, MR EEgsopn) s 96well L — h AL, £ 212 10mM
L-DOPA % 20ul 1 2 T 37C., 60 mfMl A " FaX—FL, AT7=200D
WY % 754 475nm O W E 2 HE L 7=,

EMipmproFa oS Faxy T —BiEMHIE Imokawa © D J7 i
It > THi o2 Vo AT A4 b%& 24well 7 L — hIZ 10°cells/ml
THME LM~ R X O 1.0pCi/ml [H] tyrosine Z i1 L . B (i
BHSD MY F U LAKOEZRELL, 500ul O 5 HIZ 20%7E M R
ot 10% MY 7 oo BEBE KOs ERER)E S500ul N xiEE L.
10,000g, 10 sy ffE o L7z, =m0 E3EF 750pl 1 FF ONE M RIS IR 2 500l
Mz iEA L, 10,000g, 10 oM=L LEZ, BEEF Iml O K EE %

voFlr—varihvrX—THELT,

223 VT uayT v TR
IV Ty T 4 TBIEE L E 124 L REICITR o,
FuvF—+ RNA 7o —7 Ik hdoFr ) —+E ¢cDNA (position

217-564)'" % invitro I 5 1C LV A L 7=,

224 U REUTawT 4 v TR

DT AX Ty T 4 TBIIEE LR 1.2.5 L REEEICITR - T2,

TFovrFr—H KX Madactt LV BEALEZLDOE H Wiz,
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2.2.5 cGMP = #{ll & 7 ik
KWL 65% X ) — L EHWTRATZ /¥ A4 F&20BE%, MKz
WL LM N O ¢cGMP & % c¢cGMP enzyme-immunoassay (EIA) system

(Amersham)% Hl W TH#l&E L 72,

2.2.6 ot EFa P
K2 O EERIL n=3 TIT72 o 7=, # T 1X 50 B 59 #7 % Dunnet’s f& &
F 720X Tukey's RE X 1T 72 o 70, 1K ZIL *p<0.05, **p<0.01 T L

7~ .

2.3 AR

23.1 NOW kD FrvF—RBHEEBFREBEICERDEE

NO ffi AR (SNAP)Z ;B A T /A4 b pIZENL CFa vt
—% mRNA 2/ ¥ 7myTF 7B LE, 2o/ R%E
Fig.1 IC7 3T, NO Hl i 2 Bl 1 F v ¥ — ¥ mRNA ¥ 8 0% 82 8l
HEXNE, TLTCXTORAFTET 12 BB THERICR-T2, — .
W7 b 2zMzxizarybe—nLroRxX7 7% A4 N TEERTR» T,
F72. NO W% 24 R £ CTOM . A7 /7 %A b oG M I

BAL X 72y o T2,

232 FrIVYFT—BEEBIO®F NI HEREILEH 2 D EE
FryF—EBEHEII N A" X —FBEEBL YT A
Fe Xy 7 —BIE®ED 2 OO FIEIZL> THIEL L, Z DR R % Fig.2

R T, F="AX X —BIEMEIT. NO FITH 12 R %205 24 FERH

%E CHEMKMFENIC LA L7, NO BB & 24 B % T oMok RIT
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aryhbr =R LTI3{FLEbT BN EBE L, HEo L

TR LT 72 3B OERCRBKICBE INTZ, NO HIl %O T

3

By, ey 7 —BiEEEar be— b b #k LT, 24 B %
Z1s5fFcHEmL ke, FryF—EoF N7 HEEIT, VT R H
7 my T4 TEICRVARTE, 2O R E Fig3 iR T, FTr v
FmB XN EET 2B ETHIIEHE ML, Fr Y —BEK

OBEIMT AL )L —FHL TV,

233 FurYyF—EBEMLBFEBE~D cGMP ¥ 7 F LK OKHE
Roméro-Graillet H (X, NO #IEIc L2 F v v F—EEMEO EF X
cGMP-dependent protein kinase (PKG)IZHI Ml & TW D Z & &2 #E L
=, NORIPKIC L V& AT /A4 FNO cGMP & D Z k% Il & L
oo TORE%E FigdlZn73, NOBIEMZICHEDBIZ cGMP &2 E&F L.
4RI RICA D Z L 2R L, Fig.l IZ/°7 3 X 912 NO #Il# 12
X5 FnmvF —F mRNA B EH T 252 &I cGMP/PKG #7285 L
TWLHINEfEPDDHT®H, PKG A1 e B X —ICXD2EELZHFH I,
Fig5IZrxdT L oic, FryF—FBEMEBFOHEBED LA T PKG A U E
X —Tdhd KTS5823 Ol MIC Ly ol &hiz, £, LLAETIC
Roméro-Graillet H I ko T#HE SN L o2 'Y, KT5823 12 kv Fnr

VI BEESMEl SN D L bR TE T,

2.4 E 5
NO HlIc kA2 AT =v Ao ERIZTFo v F—FoiEHksE » X
JEEOBEMICELD LD T, FOHEIMIZ cGMP/PKG ¥ 7 F /v % # 23 B

ELTWAZERFEEALTWS D Zo@REFTAT A %
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HH ABMERKLTNORBML TAT = ARNBBE2ERREMHEH
LR cdhsr P, LirLl, Frv I —Fo@EEFRBICEL T
TN T2 oo,

AKWZETIE, AT % A4 % NOHG /K THE G L. il #E®%»
b 2 B ETCOTFrR YT —EBERBFOERBRIZODOWVWTHANTL, Fn
v — 1 mRNA BB O EHIZ NO RO 2 KM %20 /R 6H ., 12 FEH
BT KICR o 72 (Fig.l), 2O FuanyrF—PEMLRFEHRO EFITH W,
R—= A F X —BIEEOEMAREMEFENIC 24 % £ TH &R X
AU7- (Fig.2A), 24 KB % O K— " F X ¥ —¥LFrmr g KR
PX T —BEHOEMoB G ITEABMoOMBLEEZTR TN 1.3 .
1.5 % CTH VY (Fig.2), Furt—¥ X o X7 EEOHEMDE A (1.3 f%;
Fig.3)t —H LTk, BlgIsh-#ENIAECE RN EEE
FROLNTZ, S b, A7 /%A MamH 4HMERL T NORM
L7zB, Fryrongd Fex v —BEEEH 20 EARNEL L,
Roméro-Graille » O # & 'L —FH L RICR D 2 L2 MR LT,
NO Wl iC L2 FnvrF—BEE, o " 7EHEEOMMLE %L TF
7y —F mRNAEBO EFNRLIARERKE R IT. NORIMIZ XD
AT =2VvARKOHFERTF eSS FPER RO LA ZEL Tk X
L2 L& LTWD,

AT %A FOEY R NOFMFIEOEREHEEZRET D DI
< OrRABEIToTZ, FIAHT 52D TE5 NOHERITNHWS 20 d
D.ZTh TN FRBEIRR LK ETH D, BEEFIZ NO ZKHHT 5 NO
fit 51K T & 5 SNP (sodium nitroprusside)liZ X 2 Eic kL v, Fnr
NA FerXxr I —EPoBBEEEITIARICHEMLZ, L2rL, WL NO

5K CThH D SNAP(FHEH H:4.6 KO RIIEIC LIV HELNDIEMED K
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ol XK » o 7=, F /- . DEA/NO (1,l-diethyl-2-hydroxy-2-
nitrosohydrazine sodium salt:*: 38 ] 2 9)IC K 2 MW CixFr g
ReX v 7 —PBEMHORBER LA EIBECERhol, 2L DORE
Tk % 5 < SNP & DEA/NO O FF &2 WA 2 & 0 & W 2
b bRnol-lmdh e &L TS, SNP & DEA/NO O % fi 73 9 &
CES ROV BE L WEER LD ERICHWS NO 5 K1 SNAP
AT 5L L L, SNAP FIIC L 2 A T = AEd EHIED
REICEWTAT /¥ A4 POMERERLMBERICEE LR, 20O
Farvoang Faxy I —BiEEO LD SNAP © R IFE % &l E 912 &
5D TEHARNWI &iF, SNAP Z RN L T 24 FFE & L T NO DJ A
NEbolEMTAT VA boFr g Ruaxo T —BiEMH
DEH LN &ETHERL TWD,

WL OMPDRAT YA MHBEKATFIZOWT, 2OV 7 FAREKIXT
TlIcHE SN TW5D, =& 21T a-MSH X cAMP &% ®. ET-1 13 PKC
REPYe@ELCTFry - RPHEBFRAET LA T LI En@ME ST
Wb, —fIZ, NO X7 7 =nrEr s 7 —EBoEEAE L THEN
cGMP EO MA@ L TZ O REI EHT Y, KFROIB N TH A
%A FPARAD cGMP &N NOEERIZIDZHBOERZIZ LN 20D
MLty 4 FEHEET TR EZHEALELZ, 61
Roméro-Graillet HIZ Lo THE Sz L Hic P PKG /4 v b B ¥ —
(KTS82)iIZ kW FuyrF—EBEM%EO EA oMK NBE I T,

FEL.NOHBICLL2TFryF—EBHEHMBFEBOFEN PKGA v b
B —oFRMICEvmflaEns et rx xR xlic, ZaAb0RERIE. NO
FIICE D FEENRD AT = ARICIE, cGMP R 2@ L7cTF v

F—F¥ mRNA BHOELERENFTERL A=A LATHDAEMEZ L T
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WL, PKGEZBLLETFr YT —PEBEEBTFRIAOLFIT N THE N
ML ZLTHMBRAD=ALITREFBPH I L TRV, PKG 2l L
AN =ZALTHONT, oMl COBMBKEVVRERNH DS, 7 v ME
0 HE ZE M B & Bk & W A5 M i TUX . PKG A #5E A - AP-1(activator
protein NZFEMHAL S E LI R HES L TWnD 22 X2 nic, v v
AAT ) =< MM TIE., cAMP IZ XV FHEIND AT =V AERDEEIC
AP-1 BiEHELE R TWVWD P ZhboWE»S, NO X PKGIZ L 5
AP-1 OEMILZBE L TATZ VA boTFr v —PHEEBTFEBEH
BTN BZOND, 2OAN=ARAL~OERLIFRITLETH

R

2.5 fEE

AMEICEBNVWT AT /7H A FIZBWT NOfIE%Z 24 LA TO
FryF—PEBTFRERREZMT, Fr v —F mRNA BB O EF X
NO fit G KRN 2 sl lcER SN, Fr vt —BEMHO EFIT 24
R E COMTRRBAEANICRDONEZ, ZLTZOEME LR T, F
Ry =B F U RTEOMM Ao TV, Fr ) —F mRNA ¥ Bl
DO EHIZT PKG A e b X —lZXoTidil N, 2460 R,
cGMP @ L7z F vy —RBBEMEFHEIALDO LFHN NOITLYFE
ENDZAT=VEBROEERLAD =L TH D AIEEELZREBL T

60
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Fig.1 Effect of NO domor on expression of tyrosinase mRNA by melanocytes. Melanocytes were
incubated in the presence of 200 pM S-nitroso-N-acetylpenicilamine (SNAP). RNA was extracted
from melanocytes at 2, 6, 12 and 24 h after the addition of SNAP. (A) Northern blotting analysis was
carried out to detect tyrosinase and G3PDH mRNA. (B) Quantitative analysis of northern blotting.
The bands were quantified using a dual-wavelength flying spot scanning densitometer, model CS-
9300PC (Shimadzu, Kyoto, Japamn). Experiments were performed in triplicate and data are expressed
as the mean £ $D; **p=0.01.
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Fig.2 Effect of NO domor on tyrosinase activity in melanocytes. Dopa oxidase activity (A) and
tyrosine hydroxylase activity (B) were measured in triplicate. Data are expressed as the mean
&= SD; *p<0.05, **p=<0.01.
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Fig.3 Effect of NO domnor on the expression of tyrosinase protein by melanocytes. Proteins were
extracted from melanocytes 24 h after the addition of SNAP. (A) Western blotting analysis used to
detect tyrosinase protein. (B) Quantitative analysis of western blotting. Quantification was
performed as described in Fig. 1. Data are expressed as the mean &= 8D (in triplicate); **p=0.01.
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Fig.4 Production of cGMP in melanocytes in response to NO donor, Cyclic GMP was
extracted from melanocytes for 4 h after the addition of SNAP and then measured. Data
are expressed as the mean &= 8D (in triplicate); **p=0.01.
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Fig.5 Effect of PKG inhibitor on tyrosinase expression stimulated by NO. When indicated,
cells were preincubated for 1 h with 1 pM KT5823 before the addition of SNAP. RNA was
extracted from melanocytes 12 h after the addition of SNAP. (A) Northern blotting analysis
was carried out to detect mRNA for tyrosinase and G3PDH mRNA. (B) Quantitative analysis
of northern blotting. Quantification was performed as described in Fig. 1. Data are expressed
as the mean = $D (in triplicate); **p=0.01.
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BHABBRICEVERSSZ7F /A PTNOREELESNDZ L, £
LTNODOHIIZE YV AT ) H A FDAT = ARPEINT LI LB
TR ZEDODAT =V ERKITAT ) A NNT T T =y r7 7 —ED
&Mk 22 5 ¢cGMP/proteion kinaseG(PKG)Y 7 T V& 48 L CilL & %
EEBEL, 2ECTCHLMICL TE R DY,

AT =V AEREZRBE T2 2 EIEXEARTHFEIND LFOGFENR
EEMHB T 20RO FETHDL, AT =ARE2HIMA T 5 HEE L
T, RIEOHIMHFIRA T 7 A FOFEYVOMBINGKEBEND AT
A FRIBMERFomE, 27 7% A4 PHBRFOHELETY —D T 1
vy, FurrFr—¥EEoRERSTLNY, ChETERL OEH
EROADMENKBEORFICHENS A TWDS, —F, NO [ZEMHR
FRHEO DO THY., FEAT=2O0ERICEIBIEREZES LTV
TEemMb AT = EREMEIT S0 MBOEKRKNTTBRILYE &
FHFT 2LV IZINRARETCHLL EEDLDRDI, 2NETIZED LD
e, ERNIIBRAEMEITERAN THR 2 2ERIC XD %
AT HEMBEFHEABBE T2 ERNMONT VD, ZOFTH A
A FFRA LT AR D N U AR E A kN

BIEME TCNOEZ AR YT LW ESIRL TV

Ao TFAERrA LTRSS TFE TkDayD BB ARE D oo &m
AT A Z N THETBLER R EL < OMMICIE W THEEDM
bhTwaoaMlaNTHFEInLEAKRANABILA THD, o, A F
FAXRA IR ERGREMETLOIREZRHL, EBOKRAFT AL &

CHEETLZZ bbb T WD O EEBICE WY TH F D3
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T 7 F A4 bPERMEFMBCBEI LTS, RE % MG E»
LAFLldic A F i r 2T 20 200 A0 HE S
NTW2,Hanada H I A ¥ v F AR A4 B RZITHE W TEINE BRI IC
E2V v RN—rv v rOoAEKEBIT DL %EZ7R L"), Schwanz 5 X A
A FAER AN NOEBAIR YT HZ LIk, NO #IBIZLY
B EDMMBEMES DNA X A -V ER#ET DL ERAELTWS 'Y,
AT VA RTHEAZIBTFEIXIA VOFMEB LORZE OHEOHREIL
MW, THNHLOWMELY NOICK s THEEINTZ AT = A&
T LD AEIRTFEIRA U OEAERCT 2L THREZBET H A
RREND D EE X T,

KFETEHE, A7 /A P T AT x4 NHEELEI
FETEHZELE, ZFLTATZ ) A NTAE O TFEIXRA U 2FHEET D
CETNOHMIMCERAFTAIAT=VvEEPMF ISR EZRHT, F

ZomE RN/ MMO AT YA FRBAFICED AT = AR

Iy

bEET LI NI,

3.2 KB
3.2.1 A AE B R

EW e N ZF A4 M(2Z 7 A U)X MCDB153 (2 0.1lng/ml
epidermal growth factor., 5ug/ml insulin, 0.5uM hydrocortisone, 0.2mM
ethanolamine ., 0.1mM phosphatidylethanolamine . 50ug/ml bovine
pituitary extract 2 & & 2 FH W\ 37C . 5%CO, ZH X F TR #E L 7=,
b b R HE ZE M B (Detroit551, ATCC CCL110)/X Eagle’s minimum medium
IZ 10%fetal bovine serum (FBS)Z & #e 55 M 2 Hl v» 37°C . 5%CO, 7% P <

T CTHEEL -,
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HeLa #fl Jd | Eagle’s minimum medium |2 10%FBS % & ¢ 5 #1 2 H W
37C . 5%CO, R F TH & L 72,

E® e A Z 2% A4 F(Z 7&K 7 )i MCDBIS3 Z 1%human
melanocyte growth supplement (HMGS)% & & 55 #1 2 H \» 37°C. 5%CO,
FHRXFTTHELE, 27 %A FoFEfli B EIZIT MCDBI153 (Z
Sug/ml insulin, 0.5uM hydrocortisone, 3ng/ml basic fibroblast growth

factor # G e s M ICE S 2 TR E L -,

322 W T wa v v SN

YT m ey T 0 TATITELE 1.2.4 ERERRICITR o,

3.2.3 RT-PCR fi# #r
Total RNA (X RNeasy Mini Kit (Qiagen #)% F \» T fli H %2 DNase
I 8 % 17 72 \» RT-PCR(reverse transcription-polymerase chain
reaction) i A7 12 § L 7=, First strand ¢cDNA |Z Toral RNA (1ug)»
5 SuperScriptIl (Invitrogen) & oligo-dT Z W& L 7=, ¢cDNA @
H4 11X AmpliTaqg DNA polymerase (Roche)% FH\ ., PCR /)&% 1 W
A 7L 94C:30 B, 55C:30 8. 72C:90 W & 15 £721% 30 ¥ 1 7 L
iT7 o7, PCRRISICHWE Y74 ~—%Z2 L FTR#l T 5,
MT-TA, (sense) 5’-(16) TGCGCCTTATAGCCTCTCAA (35) -3,
(antisense) 5°-(350) ATACAGTAAATGGGTCAGGG (331)-3’
MT-IB, (sense) 5’-(16) TGCCCTGACTTCTCATATCT (35)-3,
(antisense) 5°-(340) GTAGCAAACCGGTCAGGTAG (321)-3’
MT-IE, (sense) 5’-(11) CCAACTGCCTGACTGCTTGT (30)-3’,

(antisense) 5°-(350) GAAATG CAGCAAATGGCTCA (331)-3’
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MT-IF, (sense) 5-(21) CACTGCTTCTTCGCTTCTCT (40)-3’,
(antisense) 5-(360) CACAGGAAAAGGAATGTAGC (341)-3’
MT-IG, (sense) 5°-(31) TTCCCTTCTCGCTTGGGAAC (50)-3’,
(antisense) 5’-(350) GTAGCAAAGGGGTCAAGATT (331)-3’
MT-1I, (sense) 5’-(31) GTGTACAACCTGTCCCGA CT (50)-3,
(antisense) 5’-(340) ACGTCAGGGTCAGGGTTGTA (321)-3";
MT-I1I, (sense) 5°-(11) GCGTCCAGTTGCTTGGAGGA (30)-3’,
(antisense) 5’-(350) CACACTTCACCACAGGCATA (331)-3";
MT-IV, (sense) 5°-(35) TTTCGGAC ACCTGGACCATG (54)-3,

(antisense) 5’-(380) GAATGTGACCAACACCACAT (361)-3’

324 UL AEZYTuavwT 4 r RN

VI RAZ T a7 4 BITELE1.2.5 ERERRICITR o,
PiAZaFAERrA R Y 7 v —F AL horse kidney HI 3k 2 ¥ &
FAEFA Sigma)z VY FICHRE LT T4 =T 4 — 2w~ T T7
4 =T HZ L THERLE ', BULF v —EHMAEIT Madac # L v 4

ALY O W=,

3.2.5 Fur b — BIEERNE FIE

EME T o Fr S, Rexy 7 —BEHEEE2ED 2.2.2 & F
RIZAT 72 o T2

Ml o Fa g Re Xy 7 —BiEMEIE Inokawa b B X
O Fuller 5 WO HEEKZBRLTIT R, AT 7 Y —A00Y%E
phosphate buffered saline (PBS) T L. 1%TritonX-100 % & ¢» PBS

Y= —vary L TCHEMESTZ, BMHHIZ 0.1mM L-tyrosine,
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10mM L-DOPA. 2.0uCi/ml [*H] tyrosine % ¥ A L 7= PBS S it i (500 1)
Z37C, 2l A vy FaxX—FL, Bt D MY F 7 LKDKHIE

Mrso oo FL—a s Z2—THELIE,

3.2.6 AT Y — AWy

AT 7Y — NGO F L Potterf O HIEITHE - TiT o 72 '),
BEATZ YA P2 M) T THILLKE LKL 0.25M sucrose & 5
¢ 10mM Hepes buffer (pH7.0) T % . 4C. 105 M. 700g TiE L L
72, EEXW % 0.25M sucrose # & 3¢ 10mM Hepes buffer (pH7.0)IZ % &
BAREST T A XL, 4C, 10450, 700g TEL L, mEL EFEE 4C.,

30 7. 17,000g CEL LIEEMAE A7 7 Y — 2Ll E L,

3.2.7 A EFALER
K2 O EBRIT n=3 TIT72 o> 7=, W M 1L 8 0 AT #% Dunnet’s I &

H DWW Tukey’'s RE 21772 » 72, A B ZIL**p<0.01 Tx L =,

3.3 R
331 A7 /%A NICBITDLIAZ T AR A VERTREALGE
BEHRERS Z7F 24 M, A7 74 FMEBEFMBIZEW T,
AraFErA CBEBEFRERAEAT, 7T my NEICK DM
TIE A X F 4 242 (MT-II) mRNA (X, 7T F 7 ¥ A b & B HEEM
Joa ClEmEH TCE AT 2% A4 M TIIHBEBIZHREINUR DK
(Fig.1A), # Z T RT-PCR ik omtiazkAanbAr, 27 7 %4
FIZFE T %5 mRNA JE B X PCR KIS 30 A 7 )L D HHEIZ X 0 i H AT 6E

i= 72 5 1= (Fig.1B)s RIT. AT /) HF A hDAZ OB FF A HKEDB L
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AT LM AZeTFIARIA L OFEFEA THLZ AL T WD HEL
W ZWML T, mRNA L X U XV BEOBEZFHRNT, TOER, 27
YA RO RAZ U FF XA AR S O BT A S AN 6 K[ % 12
WMEEKRFES R EFNRA SN (Fig.2A), £7-. G3PDH mRNA O %
izl snieholk, A0 F 4 XA 00X X7 HOHEITHEA
MENUS N 24 BE R % 2> & 8N A 8l 22 S 1L 72 (Fig.2B), Z L iX BB 1 ¥ Bl
DFEEINTCRIZE RN TEDPRAERS LTS Z EE LT WD, £

DA Z R FEFRXACFERTHLT I AZ Y AL B

Iy

bHAFEOERIBGEONTL, AT /7% A FNTRIAIND A X1 F A X
1 DT AV EATEFRARXDLIZHIZ, RT-PCR i ziT-o 7 & 2 A,
MT-1A, -IE, -IF, -1G, £ L T, -1 X 15% A4 7 v ® PCRH¥IE®R . %
LT MT-IB, -1I1 X 30 D% A 7 /L ® PCREJIE % . BRENER SN T,

L2rL, MT-IV BB IZEE L OEMETH B SN2 > 72 (Fig.10),

332 NOWIBMIZE DA T = ER~DA I F I XA FHEDHR
NO fit 5 {& T3 % S-nitroso-N-acetylpenicilamine (SNAP)®D ¥ /N (2 X
DWFur v F—BiESED EFNBLE SN T, SNAP I N @ 24 W [ A2
fbtHh A RML AR T A XA U 2FEET 52 LXK NORIHICE
LFmr vy —BEMHEO EAZEAAESR OBRMEEKFANICHE S
5L NBE ST (Fig3A), $-M0OA X0 F x4 FHEKTH
L7 F ALY CDORMIZEL > TH NOFIWIZ KD Fr v —BIE%
O b SEE = v7z (Fig.3B), A7 /% A4 2% NO IZHI &4 T
WeE X, SR BIOY TR A Y COFRMICED Fr S —F
W IT & L2 KIE X2 > 72 (Fig.3A, 3B), & Hiz, Frvt—=F

mRNA B XXX U X 7B & XELEHRBEMICEYED Loz
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(Fig.3C, 3D), Z#lX NO I L2 Fun v —EBREA LA A X1

FARXA I EoTMHI SN NI LERLTWND,

333 fix AT % A4 MHHKERFIZEDZAT = VAERSDRAZ 1 F
TR A i E O R

AT %A FENOEEFMOY 7 FARETTe v —BRALFH
T 2527 7% A4 MWK T TdH2Da-MSH B L O ET-1 fil i kv E
A LEAT =V ERBIAZRBF AR U FEICLDME S K
(Fig.4A), £72. a-MSH B L O ET-1 fIlEKFlcE W TTFrrFr—8F
N7 O EFEAABESBFMNICEI D EEIN )52, (Fig.4B), T ®
a-MSH iz LV ER LizFa v —BiEEITEATES OEM 12 K
fM#%nb 72 FFM % £ TEBOICHAD %~ L 72 (Fig.5)., Z # ¥ Fig.2B
TR LA TERA L Z U RXNTHEOHMO Z A La— R L —E

L/Tll\éo

334 A4 0T A FAvFEBICLIDLZTFa S —BESHEIH O XN =
R A

B, A TFAXA WM IELILICELD2NODAT XY
ERICEY NORIMBMIC L2 AT =v AR EF2mME+5EE2 0w
oo LO2LBERL, AR FEXA L OFEHETTF e —EBoOREIC
TR % 5 2 9 (Fig.3)., a-MSH 5 X O ET-1 #I{#Eic XV EH 3T 2 2 F
=V L I L7 (Figd), ThWwx, A F+xrAIickdFn
VS — P OEBEHEORMBEMEICOWNW TR, a KA Z2Z RN L TE
BLEAT VA NPBAT 7Y —LBE 2L, PEHHOF o v

L
F—TFiEMEETHE LA o-MSHRBIE LB Y TIXTF e —
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BIEMEIT A U2 AL 8 W% o-MSH #Il i U 72 43 B % T I3 M
BIH SN, ZOREHICH AT F AR A U HEKEZERERMNLTTF
VF—E¥EMEEMELLEEATF RS- BEEOBEY BRI S
. EBERNUAKOEMTEZFr Y F—BEHEOBL OMBITA SN
720y o 72 (Fig.6A), S H 2, Ml A e TF A x4 % 0.02%8
EOAERANBIEME I VY T A 1%E AT 7Y — KB PIZEM
Ll ZAaFuvrrF—EBEMEIME S, A7 794 FRENZ
X7 % S-100B(Affinity Research Products ) () 10kDa)® % I TIE ik

PEIZ I & e ) o 72 (Fig.6B),

3.4 H 5

KRBT, AT A4 N TERNIBILHDE A X0 F 4 x4
VOTFMHEEFE, T LTAI e TFAERA B NORBICLD AT =
EREWTGB T AWM, TORKE, AT/ VA P THAZ BT
XA UBHEELTEBY, A2 aTF x4 0FEATH LR IC
Fov#FHEEhbdZ &AL (Figl, 2), AT, NO#HIIICk B % T
SVAERBTOR IR TFARIA A2 FEL T T mfls
M7= (Fig.3A, 3B), ZOMEI A I =X LFTFHELTWEAZ B FF X
LA LVICEDNODADRUPHERIV bR LAAZ DT A XA ViFH
k2 AT 7 V-2 ATOE#ENZRTFr Y —BEEEEFETH D &
E %2 bz (Fig.6), £ iX, NO HIMIC KD AT =V ARKEIZHA LR
HFmr Ty —F mRNA BXRY U X7 EHEORBE EANA ¥ e F 4 X
A OFEICE Y HE SN (Fig.3C, 3D), A X uF+ A0k
BlIzlovfho AT 7% A4 FHBEAFICELY EFT 227 =V4EKD

el L2 EBHB X% (Figd), A ¥ aF 4+ x4 1% in vitro

54



FCTFurF—EBEHEHETLIHRERH Y 202D R THLERL
72 (Fig.6B), A\ E LI-r 7 F /4 b TA X F 4 x4 2 FM
EPOE~BIA TR @ESLTHD P, b0 &b,
AAAFAIAUPMBANTRAT )Y —b~BEh+ 25 0 6% %2 K
HAMETIRLTWDZEEFEERILETHDL, BB FFICLD | A
A FF XA DRIEDFHEMBL AN = XLEND DLENE D,
a-MSH X ET-1 ® & 5 2o A Z /7 % A4 FRIEKFIZED AT =
A b ERE/AAERORMICE VIR SN, A FAxAFE
I NORIIC K A2 A T =vAKiEmilanien, Fry b —8F
SN B OWMITIE e o 2 (Fig.d), £ 70, HEALHE S & a-MSH X
FTEMEEARZER T 22RO T WD D o-MSH Hl i IC £ %
AT = UVARICEBW T BEHIcEAEHZRIMT 52 &L Ta-MSH & K
BHEEAKREZER LB T 226 TAT=vARZMH T E200 L
Nz, L2rLaenbZzoagEEILIKC, ao-MSH JIl g A 7 = > 4 pl I
DML N cAMP B AL AR o A M T AT < BAE# S & o-MSH
FEDEMARELOBISSIC T ALV E —S B L AREEY Z KRV
MmTFrrF—EFZ RN HEOEMb AR oT, —F ., invivo
EBRTHEBEE A I e F I XA v 2FET DL TEABRBHSICX
DY AN—rvAOEEIMEH SN E A RESRATWD P, 2 X
nFAFAEEREL,MBENTTI IV AIRCUEREZL S EN
wEISh TV O RIFROFHERIT. A F A4 OFEICK
D NO 721 T2 < a-MSHX ET-1 fIIC KXo TEHIDAT =V ERE
MKl 22 2R LI, A0 TF XA T EFRREZETIEbL T MIC
MEHSNLDN, A F AR FEHATLELTHEST D Z &ITE

BB ICE DY A - aFLRAERERFITH L, B LA
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FHRAAERET I L,

RT-PCR 2 LT, AT /7% A FTAEBF AL BHEBL
TWAHZEEHRLED, FI7F 74 P BMEFMBWTIT o TRm
y NETHRHTEDLZLEZEZDE. AT )Y A FTOAZ T F I X
A URBFMoOMBIZEH Xy E ZEbiLsd (Fig.lA, 1B), A ¥ 81 F
XA DT A EALTIT 4OoDRE 16 DT A4V EATITHEEN
H., MOMETIET A Y X AT MT-1A, -IB, -IE, -IF, -1G, -1I ® %8
BEoamdE STk 2D ORFRICE L HEHAE T AT
A4 b TH I BN MR TE 7 (Fig.1C), MT-1I1 1T A Z /7 % A4 b+ & [FkE
SRR HIRAE L LM I TR ENICEILL T B 22
AT 7 A MZEBWWTHFEE DRI N (Fig.1C)s MT-IV 1 EF D
SAEDOBEICHESRBOREICEMRL VD 2 EBRHMEI TS Y,

ASEIOFERTIE, A7 /7% A4 FMTHB IR (Fig.1C),

3.5 fhGE
AMFEICEWNWT, AT A4 NTRAEZaTFAX A UBREEL TEBO
A FERXAUFEATCHLIEESRHICLIVFEIND Z L AR
L7c, LT, A2 FAXxAO581% NO 217 T2 < oa-MSH ®
ET-1 i lc kv &2 AT =V AR L2+ 2080 Tk
ThHrZ el TarRLEL, ZTHbomMifilzhRiZ, NO 2 2 NP
T5X0V AT )Y —2HATFr Ly F—PEELZEEMEEL T3

- ThdEREBINT,
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Fig.1 Metallothionein (MT) mRINA expression in melanocytes. Total RNA was exracted from
keratinocytes (KC), fibloblast-like cells (FB) and Melanocytes (MC). (&) Northern blotting analysis
to detect MT and glyceraldehyde-3-phosphate dehydrogenase (G3PDH) mRNA. The relative
mRNA levels are presented. Data shown are from one of three independent experiments. (B)
Reverse transcription-polymerase chain reaction (RT-PCR) to detect MT mRNA. (C)RT-PCR
analysis to detect mRINA for MT isotypes in melanocytes, from which total RNA was extracted 6 h
after the addition of 100 uM zine (Zn) chloride. M: ©X-174-Hirnell.
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Fig.2 Effect of zinc (Zn) chloride on Metallothionein (MT) mRNA and protein expression in
melanocytes. (A) Total RNA was extracted from melanocytes 6 h after the addition of Zn
chloride; then northern blottiong analysis was performed to detect MT and glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) mRNA. The relative mRNA levels are presents. Data
shown are from one of three independent experiments. (B) Protein was extracted from
melanocytes at 0, 12, 24, 48, and 72 h after the addition of 100 uM Zn chloride and western
blotting analysis was used to detect MT protein. The relative protein levels are presented. Data
shown are from one of three independent experiments.
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Fig.3 Inhibitory effect of zinc (Zn) chloride or dexamethasone (Dex) on nitric oxide (NO)-
induced melanogenesis in melanocytes. Melanocytes were treated with 100 uM of Zn chloride
(A) or 100 uM of Dex (B). and then cultured in the presence of 200 uM of S-nitroso-N-acetyl-
L-arginine (SNAP) for 72 h, after which tyrosinase activity in living cells was measured. Data
are expressed as the mean £ 8D (in triplicate); **p=0.01. (C) Total RNA was extracted from
melanocytes 24 h after the addition of SNAP. Northern blotting analysis was carried outto
detect tyrosinase (Tyr) and G3PDH mRNA. The relative mRNA levels are presented. Data
shown are from one of three independent experiments. (D) Protein was extracted from
melanocytes 48 h after the addition of SNAP and western blotting analysis was used to detect
tyrosinase protein (Tyr). The relative protein levels are presented. Data shown are from one of
three independent experiments.
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Fig.4 Inhibitory effect of zinc chloride on o-MSH or endothelin-1-induced melanogenesis in
melanocytes. (a) Melanocytes were treated with 100 uM of zine chloride (Zn) and then
cultured in the presence of 0.3 uM of «-MSH or 10 nM of endothelin-1 for 72 h, after which
tyrosinase activity in living cells was measured. Data are expressed as the mean & 8D (in
triplicate); **p=0.01. (B) Protein was extracted from melanocytes 48 h after the addition of
o-MSH or endothelin-1, and western blotting analysis was used to detect tyrosinase protein
{Tyr). The relative protein levels are presented. Data shown are from one of three
independent experiments.
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Fig.5 Time course of tyrosinase activity after addition of zinc chloride to melanocytes.
Melanocytes were stimulated with 0.3 uM of ¢-MSH for 72 h, after which 100 uM of zinc
chloride (Zn) was added to the culture medium. Tyrosinase activity in living cells was
measured at various times after the addition of zinc chloride. Data are expressed as the mean
#+ 8D (in triplicate). @: Control; l: Zn; O: ¢-MSH; [: Zn plus ¢-MSH.
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Fig.6 Inhibitory effect of MT on tyrosinase activity. (&) Melanocytes were treated with 100 uM of
zine chloride (Zn) and then cultured in the presence of 0.3 UM of ¢-MSH for 72 h, after which
melanosome-rich fractions were extracted from the melanocytes. Tyrosinase activity in the fractions
was measured in the presence of 20 ul/ml anti-MT antibody. (B) Melanosome extracts were
incubated with purified MT, $-1008, or glutathione (GSH), after which tyrosinase activity was
measured. As a control, melanosome extract alone was also tested. Data are expressed as the mean
=+ $D (in triplicate); **p=0.01, *p=0.05.
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Summary

Nitric oxide (NO), originally identified as an endothelium-
derived relaxing factor, has been shown to have a variety of
physiological activities, including an important role in skin
diseases. Erythema induced by ultraviolet B (UVB) is considered
to be mediated in part by increased NO generation. Furthermore,
NO, a melanogen, has been reported to be involved in UV-induced
melanogenesis. These findings imply the involvement of NO
production in skin induced by UVB radiation and in UVB-induced
pigmentation. However, no study has been presented showing the
process of increased NO production nor has it been determined
whether NO is an important factor in pigmentation.

The present study demonstrated that UVB radiation increases
NO production, and up-regulates brain NO synthase (bNOS)
expression at both the mRNA and protein levels, while it directly
suppresses the expression of inducible NO synthase (iNOS) mRNA
in keratinocytes to some degree. Furthermore, our results
suggest that enhancement of tyrosinase gene expression via the
cGMP pathway 1is a primary mechanism for NO-induced
melanogenesis in melanocytes.

On the other hand, because NO is a type of reactive oxygen
species, an alternate concept is possible, in which an increase in
endogenous antioxidants suppresses NO-induced melanogenesis,

though there are no known reports. Metallothionein (MT)
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functions as an inducible intracellular antioxidant and has been
reported to scavenge NO. Although there are no studies showing
the existence of MT in or its function with melanocytes, the
above findings led us to examine the effects of MT induction to
suppress NO-induced melanogenesis.

Our results demonstrated that MT 1s expressed in melanocytes,
and that its induction may be effective to suppress melanogenesis
stimulated by NO as well as other melanogens. These suppressive
effects may be due to direct inhibition of tyrosinase activity in
melanosomes, rather than a scavenging effect of NO.

We also sought to clarify the mechanism and suppression of
NO-induced melanogenesis. UVB radiation 1increased NO
production in cultured keratinocytes, suggesting a mechanism for
NO-induced melanogenesis in melanocytes. In addition, it was
demonstrated that MT induction suppresses melanogenesis
stimulated by NO as well as other melanogens. Together, our
results suggest a mnovel method to effectively suppress

UV-induced pigmentation in skin.
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