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glste] deld AsHA Aetat Ard ¥ H7LE A Agshizd E a3
ARE DS 75 At I 2o depd FA M Fe| A Axaf AR
Aol Aoz wsld A9 dobd A S wshE S IR 2 g 5
Rorm Wikl g5 AgEfof thal o e 4 9lar, Hekd A HEe o F,
A7 7bsA 2 X8 Zitbol e = Fdo] 7hEEt] wji-o )

ola}, Ao, Aol & F3lo], By AdS5H] A L aFE B
TAA R A gt} e} ol o= B uky A Sl o3 o] 3 & 571
Al Aol HAoZgk Al A W o] W I e 1] o] &
Al ghs] = A& ot}

(ATl 1

A3 g 9] B e )

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

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}oll 4] -2 A 71 T} Melan-A Al| 32 3= RPMI 16404] %] ¢l A1 10%(v/v)
S-Eol &4, 19%(viv) YA A-~E = Enfo] 21, 9 0.2 uM phorbol 12-myristate
13-acetate 3Foll A F- A Al H T} BI6F1 n}-9-22 S A& Al X F23= 10% (v/v)

Sefol @A D 19 (viv) 3R E 2 E kol 1€ 745 DMEMS] A
W} 3.

32141 21 7F 35 o) 4] Al (Three-dimensional human skin substitute, MelanoDerm™,
MEL-312-B, MatTekA}, Seoul, Korea):™= ¢ 5= ¥ KGF(Keratinocyte Growth
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}
1321,

A7) I E-2d o] ¥yl W3HAL) A= A 5 Al (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 =
ARLSSIE AL A 58] b 9ol A St fiol ol g Aol Batde
YEFATH(Lee et al., 2013).

Al oF 1 GiRNA E @l 2~ 3 H (transfection)
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£4 52D, 54 & A, a-MSH, &-El (arbutin), & 3 #] 2H(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
vl 5 o] A w9k 3k 2 &h-a(Melan-a) 2 B16F1 A 3¢ siRNAS E @l 2~ 3 H A 7] o},
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

Al of Alo)

A EZE EHYAEDTAE A 2] 2 1000 x goll A 531t
A A ST FE o] HE AE A& Axlom A
NaOHol| -3l A| Zth A A Z A3 FEE-S 96-D(well) Z#| 0| Ee &7]a1,
ELISA Zd ol E gt & o] &3to] 5335 405 nmoll A Ao 4] defd o4&

2459,

|—

i

s]ag) el ¥

TE S E2 2x #eto] Al i €592 x Laemmli sample buffer, 62.5 mM
Tris-HCL pH 6.8, 25% [v/v] glycerol, 2% [w/v] SDS, 5% [v/v] -mercaptoethanol, el
0.01% [w/v] bromophenol blue) (Bio-Rad, HerculesA}, CA, USA)& ©] -85}
133 T B Al E w22 Bradford solution (Bio-Rad)-S ©] 83} ¢]
Atk 1 3, 4] Al83= SDS-PAGE= -] 3} a1, PVDF
Hl ¥ 7] 21(Bio-Rad) 2. & ©] #8}3 t}. TBST(25 mM Tris, 140 mM NaCl, 2 0.05%
[v/v] Tween® 20) 2] 4% (w/v) 223} " A (skim milk) 2 £ 27 3 7, W8 7| &
54 12 @A 53 A 28| vho] E(overnight) Wi A Z

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)= B =8} Sitt. thil A A& Ashe], A7) fl Bl
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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}% .

=74 o]l A 317 % (confocal microscopy)S ©]-8-31 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 FH # oyt 12) 31 0.1% (v/v) Triton™ X-100 (PBS-T)Z & #-3}=
PBSO| A 33 & Ml A AT}, 7] A2 ES PBS-TE o] 8351¢] 3 3] ¢
NI 5% (viv) F§AE 7 & E3ah= PBS-TE 3|4
F-Zy=FEPE dol ¥ E-FE- &A(1:100 & A, Adipogene, AG-20B-0020),
aholA e gl o] ] =-FE- ¢ &4 (1:1000 3] 4], Sigma-Aldrich), 2 3-ARLI3B
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

2o 1A

Z} o] 1= Ao 33 9] 5P A A S
HAASEGET L AHE YERl Ut A ae] A4 H7hs Al b A (1-way
ANOVA)E o] -&38to] =38 th(* p < 0.05, ** p < 0.01).

Al 1] 23 A1 R (primary cilia) 4ol o] g Wahd 44 2
A A3z FFBHE F2E 7 AT 7 B g

(o] 2] == (o] S =
F7), F5, T, HF WY L HAH AH S TR AL

A =, ol ¢ ¥y B4 F F] = FEPE SHpolyglutamylation) =
} = A0 7 o] AT wrebA, A}
TEYH o W mEs

AR AN EE fFidhs 54 24 o] nhg-2 daepd A4 Al ol v X &= e
H71el7] sl Hlg-a(Melan-a) Al X5 54 =2 DE A 2|6}l 484 {F H
A AR FAS 24 o)A Av|d oz BA8Y. 47 54 &4 D=
AAF AR P S sk B4R, 1 &7, ) 2 A4 Foll #A 8ol
Aol A AR A Fishs A om ddA e A AAY & S
=& ¥ ey
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AN EQ EADE AT A HeEFEHEHIHE-FE
5!

Z (polyglutamylated-tubulin protein, PG-tubulin, <5 44)0] % ¥ % ok

B!
A ATHE 1a, CTLS t & (control), =7 A1} = 10um). F£3H 54 =2 D&
A 2] 8FA] 2 CTL(H £, control)ol] H] &l 574 =4 DE 0.25uM= A 2] ¢
T(54 B4 D025)% 54 E4 DE 05SuME A & (54 54 D050 A
A A7 9l liﬁ FAET)ol AT Z7H AT 1b). 5, 54
=42 DE A3 A5 dx AR &) vl5 F7heE s i

a-MSH (1 uM)= 24/\] b & ARA A el gt kg M 54 &2 D(0.25 2
0.5uM) = 2] 5 Al Z 2 “‘a@r %S 54381513, PG-tubulin,

Bl o] Al U All(tyrosinase), 2 TRP1 @A W 53 9420 E5o0 =
gRlskith 1 A3, a-MSHE A &3 4§ debd 34 o] F7tebar

PG-tubulin®] & F=Fo] 433 ~tﬂ,l§~ 4 EA DE A g A Foll= 1t
a-MSH?l| 2]3F Al gh4] o] & A3} A 74813 31(5 1c), PG-tubulin & &)
A A 3] F7HE JATHE 1d).

T3 54 =2 Dol & depd A gio] e Al R E 21l =
a-MSHel| 213l Z-31 ¥ Elo] Z A Al(tyrosinase) 2 TRP1 WHuj 2l o] =F=0] &4
=2 DA glel &l dAsHA A THE 1d).

3% 7] o}(serum starvation)7} A2} A 7. F A S F- 5 5H=4] ¢
Aste], debd FA A ZE TG v el A v Fetglct 1A
5 ?:ﬂ d (serum-free) Al - LA} A B A S et A Frshis A
}oﬂq_(c 2a |2 Al =y Zb)

A A7t et §A4 ‘ﬂzﬁloﬂ Al A} A E 3 7 (assembly) el 1] =
st7] flste], 78 o)A Eha Ao 54 =4 A(IOMM)E
A E2A AT LA ARE FAS
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jais
é

WS 5] PG-tubulin @A) (55 Aol o8 4 A% A xf
4 ol A v o2 A2E A% 2a, 227 U Hl=10um). L3},
= 2 77 AYeta A AR o dAE A XS
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b FA M Eo A A AR ofsf 2= AL & 5 ATk

o] ] gt &l /o] B16F1 "}-$-2~ S A £ (melanoma) Al| EFo A &= L EFLF=X]
sholatoitt. F-A4 2 0 2 B16F1 A Eo Alo] EZFe}4] D(0.25uM, 0.5uM)S A )
T 48AI K Mk H AR AR HAAE Al S-S HAGMP R
A3 ATHE 3a). BI6F1 Al & a-MSH(1uM) 2 A A 2] 3k 5, Alo] EZ-e)Aal
D(0.25uM, 0.5uM)E A 2] 3] 4841 7F & M| 32 dehd oF-& 54 8 (5 3b).
L&, PG-tubulin, EFO] 2 A UHA], 2 TRP1E Hl2W 530 2 435 3c).
$HH, B16F1 A2 5 E 7 7]ol miA|ol A 54 =2 A(10uM, 30uM) ] 2] 5
4841 ZF F sk ket itt. o] F HA A A S Bl AdA AR A A
H] &8 B39 A1(5 3d) Al E ek g5 574813 2. (5 3e) PG-tubulin,
Elo] 2 A YA, @ TRPIS Hl2H EF 02 F4 83 th(% 3.

71 A3, BI6F1 A EFo| = &4 o o]&) A AR
HAAPG-FEH Td)o] T2 1 ghafo] ZHAskgl o,
Efo] Z A L}A| 9} TRP1S] Wl &= ATHE 3a W A] 5 3c).
3 BI6F19 A = 54 &4 A 2] g A}
A Hdad YA a4

EgstA, A AR Y
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[ 3] ol 2] Smo-GLI2 A1 & A Alel] 2] 3 depy P4 24

243} 5 Smo (Smoothened) T 2 & GLI A AFQI ke 1
S A7 =], GLI AAFQIZ = Al EF7] 0l ek /-1 2F 2 A
hedgehog, SHH) 41 & 74 2 9] T} 2 E ¥ (downstream) ] ¥+ -7 2} 2-& S
ZAgh

e dA AR A4S T8 debd JA4 24 el A Smo 9F GLI2
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XJ/\}OIX}Q}/] HAAE AFsA . A 4 02 BIGFIA| ¥ 54 22 S= 0.5
1= 1uM A g EhaL 17&?*0 713k ule} o]l N d M aho] Adap A 57}
LAE AxE ~7<36J Axp, A A BT EAE A ETEF asziQ%

= GLI £+= GLI2 A A
R /\]7]L~ U;ﬂfil_
5}

Q] %
el el A Th(E a). A7) 54 B
3l 2 Zx
2 245471714 8
=g B

2
A3} AT T i 243
Smo-GLI 3= Smo-GLR 213 4 2 &
B4 D‘r‘ﬁﬁ] of AN FF

BI6F1A4| £ & a-MSH(1uM)Z AFA X 2] 8} a1 244 & 57 &4
7 E1(arbut1n 500 uM)S = ] 8}l T} 244 7+ ] Al 3 Aepy] §hekn)
Efol 2 AILhA), TRPI ¥ o] gl 58 ol ~H B e o2 HA s 2
A, EA T4 Sof] 93 A A g
BI6F1A ol A dlahyl A 4] 2 o) 4 A]
Azt = gGAo] A slE 49 Elo] ZA|LbA|, TRP1 @ d o] uhg] =35
23 ST 4o).

siRNA #d JRE 2~ =8]d 3e] GLI2¢ tl & siRNA T & (#1, #2)5 T8
=, ¥ @-a(Melan-a) A 3£ E GLI2¢| o) 3+ siRNA#], #2) fo= A~ E 27
siRNA(scrambled control siRNA, siNC)= E 3 d A 7] 3L 48X 3F & 54 =2
DO.SWM) A1 e 3= 8 270 5ol ol 2902 A% AR FAL Fxakh

1 %, &333 1] 7] L (fluorescence microscopy) S48 & 5a WA & 5t
Tl ok AR, 58 =2 DY Ay B FEY 21 5 v

) Z T GINC)ON A DA AR FAS 738HA
D E= 6374 7]01-)0;8_ o ‘:E] 01747;;_‘?_63
A 3] oA = AT 5a).

wE GLI2 Ytk A EE B4 B4
/‘ﬂi U“E}L] ekl

- awq:nﬂ+ﬂléaﬂﬂ
A& GLIR27F Yuh-& 8 A 9#1, #2)

A DO Ay = FdH 24 sl ndste]
239}, 27 siRNAR 8] 3 A Eo|| U3t E4 &4
& EM hers E}i ‘?ixﬂf\]ﬁ‘;}. GLI2

Uﬂa}u],] alako| & A3} %7}3}91@(5 b). GLI2 qu% Aﬂ}: | chal Aebd
H4 a4 g e An Ae AAESIT v 58 A A
A a3l A GLR2E Yrh A7 49 oA & Ao} vl gl o
Elo] Z A UA| 2 TRP1I @A o] A A 3HA| F7HE] SITH(E Sc). ol &
Jo}& &3 detd A A= Smo-GLI2
& Wi E = A d A}
E3H B16F1 A 3£ o) th 3l 4 &= siNC, GLI2 siRNAE E W 3 H Al 7] a1,
E4 24 D0.5uM) Mg = 587 v A el & st 29 FH AR AR 3
A2 & g3 ] 7] % (fluorescence microscopy) @ w28} 33 T}, GLI2,
Elo] A UHA], TRPLS A 2~8 E8l o & #Aaqlvh. 1 243, 54 &4 D =+
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[ 3 o3] A4 A1E 329 HAebd A Al 3 (normal human epidermal
melanocytes, NHEMs) 2 <13 3| 7 2

NHEMs ¢} 329 21 7F 33 cf A A (73 917 %3] 24 A ¥ L NHEMs S
Eahapz AT F9) R o Sato] U Alw A4S F wehd A4
248 Ae 5.

T4 A 2%, NHEMsell 578 =4 D0.5uM)E A &8t aL, 2 5 of A & 3}

EH(RFEH dd3) 3, =4) 2 ARL13B (a small Clhary G protein of the

Ras superfarmly, A Aol tff g A & A5 F-3l NHEMse| A A EE
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)S © 2
AR & 5 Tk B3 NHEMsO 54 &4 DO.5 uM 2 1 uM)E A 2 3haL
4811 7F 5 A e FheEs gkl

-1 A3} NHEMsoﬂH E?ﬁ 22 D A gl 4811 UA AR 72 detd
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[d-7-3 1] A2 A A 3 (melanocyte)©ll Al g =28 A= wHA;
A7 AE 224E A dad g A Fel M, Al =4 A
9] A&} A F(primary cilia)®] F 2] A AEE Felste= dA =
Eotete, B 53 a5 24 2 WY

(713 2] A1kl G, 471 A E =2 Al o A48 A A7 A Ao
Aap Ao vls)] A& A7 =de v S35 4R
st A E U £3ehE, B 53 85 BAY 28 Wl

(713} 3] Al1gkell oA, 71 dak Ao FiA A AEE A A Rot
e Aoy P4 Al o vjal F gk Al ol B EH Adx AR
el Hlal F st o] & Eote] A= AR, B 538t 5w EAY
=g .

(713 4] A1kl Aol 7] daF AR Fi A 4 A e
= F e gl o ¥l =/ E & il 2 (polyglutamylated-tubulin protein) <]
e G elsh= AR, Ptk 53 a5 249 2~ Wy,

77~ 5] A1kl oA, 71 dak A= 4] 34 A %= GLI(GLI family

zinc finger) AAFRIAFS] W G2 ghlsli= 31, Bl 53 55
UFQQ] /\ig]u HC}HHJ‘

73 6] A58kl )04, %71 GLI AAFSI A= GLI2(GLI family zinc finger 2)
HAARQI A}l R 23} § 5 E2lo] ~AFdYd W,

[ 7~} 7] A 18re]] oA, A7 A } AR AthA g4 AE=
E] 2 A| LA (tyrosinase) %= TRP1(Tyrosinase-related protein 1)2] &
AR gQlehi= ARl B 53t i el e W,

[7d 3} 8] ek A M E(melanocyte)oll A1 3 B2 A2l @A,
A7 AE 2dE A E debd P Aol M, A F =4 A A
9 LAk A E(primary cilia)®] A% 4 A =S elet= GAE
Eobeb, Aok Aty At o 2 X5 55 =H 22 W,

[%87-% 9] Agatoll oA, 7] Wepd A sk A3k W, MukE gl L wl
WA )R], o T 7], AT EA T, v AU S R Wy, 50
A AT D WS o o] Fol Xl wrell A A8 st o] <,
A A A Gt 2 A5 a5 2249 238 Wi,

378 10] Al EA A A3 Fo da AR oA P4 A E vERd=
SARE s, B S5l a5 B2 2399 S A%V E

(-3 111 Al103rel] oA, debd P4 AE L XXM E T EEetaL, 47
A A el = A 1E WA A78 5 o] = g gho] vl o] 7 A ¥ o 9=,
P sslas B ~a8YS A INE
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