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[72] [E Aol 1]

[73]

[74] | K A e )

[75] Q17F 3] Bl 34 M| 3E(Normal human epidermal melanocytes, NHEMs,

Cascade Biologics, Portland, OR, USA)E ] 5~3}aL, C57BL/6 J (black, a/a)
npg-2eof| A - &k depd g4 A 3EQ] A ek A(Melan-A) M| 3255 Dorothy C.
Bennett #FA(St. George's Hospital Medical School, London, UK) 2 -F
5313t} B16F1 7F-$-2~ 2 A £ (melanoma) Al| £ ATCC (Manassas, VA,
USA)ol A <=3l

[76] AZF 33 Aehd PA M E = M-254 v 2ol A A3F e A Al A
1 % A (Human Melanocyte Growth Supplements, HMGS) (Cascade Biologics, Inc.,
Mansfield, UK)3}Fell A 5-%] A| 71 T}, Melan-A Al 3£ = RPMI 164071 ] ol 4] 10%(v/v)
S-Hold A, 1%(viv) AR F-~Eg Enfo] Al T 0.2 uM phorbol 12-myristate
13-acetate 3t Al F- A Al Z T}, BI6F1 v}-$-22 3 M E A E 3= 10% (vIv)
Seotd A F 1% (viv) AY A - -~ Ef Enfo] 218 # 71 DMEMe] A]
| ekt o

[77] 32141 21 7F 35 o) 4] Al (Three-dimensional human skin substitute, MelanoDerm™,

MEL-312-B, MatTekA}, Seoul, Korea):™= ¢ 5= ¥ KGF(Keratinocyte Growth
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Factor), b-FGF(Fibroblast Growth Factor), & a-MSH(alpha-melanocyte stimulating
hormones) & # 4] 13t EPI-100-NMM-113 8l ] o A A 222} 2] A Al o] we}
FA s,

A1 F B2 dl o] ubr] M SHAL) A 9=+ A % A (colorimeter, CR-300, Konica
MinoltaA}, Tokyo, Japan)oll €13l 274 ¥ L #] <=L value, lightness index) =
AL, AL = 139 2F 3= 204 2k8] L (A A] 399 - L (W2 94 =
AR AL A5 9] F7hz 9ol A SHEE fuol o Mol HEYHL
YEFATH(Lee et al., 2013).

Al eF 2 GiRNA E @l 23 H (transfection)

54 24D, 54 54 A, a-MSH, & ¥l (arbutin), 2 F =] 4H(kojic acid)-
Sigma-AldrichA} (St. Louis, MO, USA)°ll A <143} 31t} 574 &2 Si= Calbiochem
(San Diego, CA, USA)ol| 4] =3} S}, &, wh-9-2 GLI2(GLI family zinc finger
2)E B} E 5)3= siRNAS! #1, #2, 2 -4 %3 siRNA (scrambled control siRNA,
siNC)(5'-CCUACGCCACCAAUUUCGU-3") % Al & 4 AHGenolution, A1,

o dwlshyol) A 9381 ok A7) siRNA #1 2 siRNA #23= GLI2Z B} A B 51
GLI2 'Hd & A8k siRNARA], FAA7E &l A2 4= 3= A, &%
Jr7hsst A, A2 7 Ae A, e FF AxTsE 4 T o' sloldk =
AE-S 5 QT

Lipofectamine® RNAi MAX (Invitrogen, Carlsbad, CA, USA)E- ©]-8-3}°] 60 mm
) oll Al ok ek @-a(Melan-a) 2 B16F1 Al o] siRNAS E @l <3 A A F ¢}
siRNA 9} gH7| 24| 7F &9k vl 3t 5, A Lo o &l Zh2te] 3 3hE (A ohE
X 2] 3 AL 4841 1 Bt F- ]S
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ELISA Z ol E &t & o] &3} &34 405 nmoll A AF o] 2 daly ok

=4 st

g

SRR L

TE S E2 2x #eto] Al i €592 x Laemmli sample buffer, 62.5 mM
Tris-HCI, pH 6.8, 25% [v/v] glycerol, 2% [w/v] SDS, 5% [v/v] B-mercaptoethanol, 2
0.01% [w/v] bromophenol blue) (Bio-Rad, HerculesA}, CA, USA)& ©] -85}
133 T B Al E w22 Bradford solution (Bio-Rad)-S ©] 83} ¢]
=438k} 1 ¥, A7) Al SDS-PAGEE +-2]3}aL, PVDE
Hl ¥ 7] 21(Bio-Rad) 2. & ©] #8}3 t}. TBST(25 mM Tris, 140 mM NaCl, 2 0.05%

1 pE
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9

[v/v] Tween® 20) 2] 4% (w/v) 223} " A (skim milk) 2 £ 27 3+ 7, 98 |l
54 121 &A% 9 ¥ 1}o] E(overnight) Hll FA R T

g-E g = FebE g o) B =-F 2 ¥ 84 (Anti-polyglutamylated-tubulin antibody,
AG-20B-0020, 1:1000) AdipogeneA} (San Diego, CA, USA)°l A 3} a1,
3}-GLI2 & A (anti-GLI2 antibody, 18989-1-AP, 1:1000)+= Proteintech} (Chicago,
IL, USA)ell A 143191 o1, &k o€l 3} A (anti-actin antibody, MAB1501,
1:10,000)+= MilliporeA} (Temecula, CA, USA)l A 1528} a1,
&F-aPEP7(EFo] 2 A Y-A) & A (anti-aPEP7(tyrosinase) antibody, 1:1000)%}
3}-aPEP1(TRP1) &} #|(anti-aPEP1(TRP1) antibody, 1:1000)+= V. J. Hearing (NIH,
Bethesda, MD)Z-B] 1573t} ©hild =& aho], 7] Bl
HRP-Z1 55 A o E] = o] 2} §F A & o] &3] nl] 95131 a1, A1 & 1= SuperSignal® West
Dura HRP Detection Kit (PierceA}, Rockford, IL, USA)E ©]-&3}o] 274 3}% .

o

& %74 d ol A 317 % (confocal microscopy)S ©]-8-3F W & & 3 H-A]

NHEMs, Melan-a, 2 B16F1 Al 3 3= Lab-Tek™ 2] 18| £ &} o] = (Thermo
ScientificA}, Waltham, MA, USA)E ©] £3}o] v k3t 5], 2} 7FE PBSE A ofuf] a1,
20 ¥ 5SF 4% (wiv) It 5 ¢ H) 3] - (paraformaldehyde) & 217G A 7 2., TFA|
PBSE S Aojylt). 1¢] 3L 0.1% (v/v) Triton™ X-100 (PBS-T)E 3} -3}3=
PBSOll A 33 & QF Wi A T 471 AL &2 PBS-TE o] €314 3 3] ¢
NI 5% (viv) F§AE 7 & E3ah= PBS-TE 3|4
g Z e ZF e gl o) Bl =-F 5 3HA(1:100 3] 4, Adipogene, AG-20B-0020),
holM e gl o) Bl =89 34 (1:1000 3] 4], Sigma-Aldrich), 2 3H-ARL13B
a}a)| (1:200 3] 4], Proteintech) 9} §H7] Aol A 1A 7F F<F vl %315 o} PBS =
Aojdl 5, 7] A2 ES AFA|EH o] &} Ao v A F AL, 1 F T 24
dl o] ] 270 ¥ "] 7 (confocal laser scanning microscope, model LSM510, Carl Zeiss
Microimaging Inc., Thornwood, NY, USA) S 2 & 35 #25t7] 98l #2
Zefol & 9o 7] MEES SH T

Eﬁ Tr‘:_L/H
Zh dlo] Bz Ao & 33] 9] =349l APE AAA A
A +SEGEE S Ah R YEh A ch A ake] B A4 H7HE 494 (1-way

ANOVA)E o] -&38to] =38 th(* p < 0.05, ** p < 0.01).

1:1
o i : : _
FFAERET, G, T, A 0D, D fAE A S TFE A0
A
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A E=2D 025)4 4 =4 DE O.SMM?._ x}a] s ?L(E A =2 DO0.5)lA
2} }‘é 7t = A 139] FAEF)0] AA A F7Fe A THE 1b). =5, 54
A DE Heg A5 A AR o] vy TR st
[101] a—MSH(l uM) = 24/«] &b AR A ek Adda A2l 574 &2 D(0.25 %
0.5uM) = 2 2] 5 Al o] b ghaks %Xéﬁ}%ﬂ PG-tubulin,
Elo] 2 AL} A (tyrosinase), 2 TRP1 W2 vl =38 9 AH & ‘3719—?-—
gl L A3, a-MSHE A g
PG-tubulin®] & o] Astd=d, 54 =2 D& %j/]ﬁ o—roﬂ 1]t
a-MSHel &%k 2ebd Al o] & 2] ekA 7HA8F 3 3L(5 1c), PG-tubulin ' W3t
A 8] F7HA ATHE 1d).
[102] E3H 54 =4 Dol o gk depd A g Hd wslo] R E Felstl =,
a-MSH¢l o] &l Z=H = E}O]if\]urxﬂ(tyrosmase) 1 TRP1 ©@9 2 o] 4=520] £
2 DA ol o8 & A eA FHAs A vH(E 1d).
[103] g2 7] o}(serum starvation)7} L2} A1 ¥ F A S -5 =A]
Aste], debd FA A ZE FE5 vl A vl &FatSlot

[}
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031
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J_:,l_
Q.c‘)lg}oﬂq_(t 2a ¥ |2 Al =y 2b).

[104] E4 =2 A7 debd gA] A XA A AR E A (assembly)oll 7] X] =
B FRlstr] Aste], 4 2 Weh-a A Eel 54 &4 AQ0uM)E
A el stal 48417k Fet St AV 58 24 A= dAAE FA4E
AA|sh= -2, L, Ful R AA Soll HA Qo] Al dAP AR
FAE AAs= A er A deAAY FddE =4S B
Fgke
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sk = 2] = F e gl o) | = FE-2 (polyglutamylated tubuhn)—o— E4 =4 A
ol ZaET 5 E}(—L 2d). o] 21 g AHE Fete], debd P
W A Al oA dAF A Hel o8 A= A 2 o T AR

] o] B16F1 7}-$-2~ &2 <& (melanoma) Al ol A & Y EFL=H]
sholatoitt. F-A4 2 0 2 B16F1 A Eo Alo] EZFe}4] D(0.25uM, 0.5uM)S A )
FA8A ke F Az AR A E A X HES Ao R
=439 th(% 3a). BI6F1 M 25 o-MSH(1uM)E A A 8] gt #, Alo]| &2} 4]
D(0.25uM, 0.5uM)E A 2] 3} o] 48A] 7+ 5 A 32 A el o4& 57313 tH(E 3b).
& PG-tubulin, EFo] A UA], @ TRPIE $128 B2 0 8 3439 th(% 30).
31, BI6F1 Al E£5 A 7]o} v Aol A 54 &2 A(10uM, 30uM) A &]
4841k “E ok v g ATt o] - A F NS Tl da HEIF A A H AL

H &5 AT A1 (5 3d) M ek 3RS 574 8151 2 M (5 3e) PG-tubulin,
Eho] ZA LAl B TRP1Z 928 550 & 3478 3 k(5 31).
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1 A3 BI6F1 Al 250l A 5= 54 =2 D 2ol oa dat Hw
FAHPC-F 29 Wahyol F05 3 10] e} W Fol Faslen,
Elo] 2 A bA| 9F TRP1S] & A7 & & FATHE 3a A & 30).
3 BI6F1o A = B4 EA Ao 98t A Aw Ao ZAAa= ola dad
A F gy A mae] ddo] fEH AT 3d WA 4~3f)

Fahare, A3 AY 9L Weh 94 AE D 5% A E Tl A Wby
Aol Gk H Rtk ZlE ERlg Ao =, depd A /‘ﬂ_L/] =}
A5 PA S Frmshd debd Aol SolEaL, v = Ay A A9
x4 me] @2 ol Ashel Wehd Aol Frha T Aolth

(2316 2] Smo-GLI2 A% Al Aol o] § by @4 %4
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2071, GL AR A S A E T o] 2hat G A4 2 24 9
hedgehog, SHH) A1 & 74 2.9] T} 2~ E ¥l (downstream)©l| 3+ F-A 2} & 2
Eraks e 1=

P ES A AR JA4E T8 dAdd @4 24 Aol A Smo 9F GLI2
AArIA ko] HAE A-sk it Al A 22, BI6FIA 320 54 =2 SE 0.5
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il by I e ke gk g A Eof| A o) mp 7R 2 ST Sl T 5d
YA & 56). o] & Z3l, Smo-GLI2 v 7] A S A Aol o) Ax} A e e 4=
daly Al A3 2= 91 S-S BHolsth 2, Smo-GLI2 A & 7 2 9
A5 Gl A AR S FEstA el A4 o] oA ¥ 51, Smo-GLI2
ANo AR B35 AAst] A AR FA S AAIEHE deld Ao
T E S g Aol

(A g 3] g4 217 3] Al 3 A A 3 (normal human epidermal
melanocytes, NHEMs) 2 o] w| H Al s

NHEMs <} 32H Q1 7F 9] 3 dj A Al (787 11F 32.9] Z-E M| 32 2 NHEMs &
Fabahs A7 1) R o S3he] A AL FAL ES Weha A4
2Ae A8 %)

-‘rL 4] © & NHEMs®l| &4 22 D0.5uM)S A gl 8}aL, 2 F o} A & 3}

(FEHe @43} b, =54) 2 ARL1I3B (a small Clhary G protein of the

Ras superfarmly, 2 Ao T gt H o ¢ A& F-3f] NHEMse| A2 A v E
25}l th ARLI3B th 4l ol IFT88(Intra flagellar transport protein 88), CP110(a
110 kDa centriolar protein), BBS2(Bardet-Biedl syndrome (BBS) protein 2)< ©h1l 2
npA R 3 5 9lrh e NHEMso 54 &2 D(0.5 uM % 1 uM)E A 2]} it
48R3t 2 Al ek s gRlsksith.

“1 A3} NHEMsel A 5= 54 =4 D A g /]Lﬂ A AR S S Ay
6LH 27 8- 1:9 @.o]g}oﬂq(c 6a L & A A A nl=1 10pum).

£ 54 =4 SGuM), 54 =2 D(0.5uM), :’7(] AH(kojic acid, KA, SmM)E
3ol A 3k QIZE I A Aol 139 7 E 209 {F Fofshar
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Az Zbol] n X = A AR o] FFE stk AR A
A 5= Al (colorimeter) 2 3 7}5F AL & 6doll A ALE thaa™ 3 &2 A gt 79

271 2ol & AlAket gholt.
A, A AR JAES A7 = E Ao 9 3 Al L] =o)
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