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MITF (microphthalmia-associated transcription factor)7}
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2! : Microphthalmia-associated transcriptian factor (MITF)& basic-loop-helix leucine zipper family 52| 3}i1}
F8% 2AJNAZA ANz A Hahd Ao Tejgith. MITF= MITF-M, MITF-A, MITF-B, MITF-C,

MITF-H % MITF-] 0] okgo] £A2th. MITE-ME 359 BehAZo] A was e detd e st o #
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MITF+= microphthalmia-associated transcription factor
9] efzlR2 o7 A oA WHEH basic helix-loop-helix
leucine zipper (b-HLH-Zip) AA}IZ}o]th[1-3]. MITF+=
w3t debdA oA dabd Ao B 54
2EG BN WAHNZATI 2L (a-MSH) 2| 3}
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th2n 1 0|59 2~oHA dEE52 FE F2E THAL
Utk o] A WA A<&9] promotorol] Wt 7|50l 2HolE
UrERATH7].

MITF o}g-2 Ato|A WAL ofg o= MITF-
A, MITF-B, MITF-C, MITF-D, MITF-E, MITF-H, MITF-
M, 28|32 MITE-J7} glen, Lo 8t MITF o}3
% MITE-Mo| HehdA|zof| E4sHA Lz g2
Qo m 4197]9] ofn|iAtO & o] Fo] A lt}(8]. MITF-M
mRNAE WehdA 2t SAFT HA o2 Ha s 3
ghd Az o] £33 93 4 2E AR 9.

MITF-A= E4ZA doid oz 7 ddo] At
dA glon ZTSEA dA A MITFZL #3 k=
AT 27 FEH2H, MITF-A+ 55 (myotube)
B/l FHoInt[10]. EZF MITF-A /43t= dehdA|
Zo] Bahabgol A theFet Aol A D astx| g A Bty
Aol A HepdE7| |22 Aol B4Foldl gt &
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dAatd M 2= AFFANA FaiE ddAZ2RE
g Eo] B Bujof|A o]Fste] E3tEm WatdAx
M E719 B35 YEYIE &5t AN E o=
At o] o] FerH13,14]. wehA] HetdA 29 7HR&
719] dolot = AepdA| 2] &/ 9 u i Mo FF=
o)X 290 IRt 3222 HWebdAlZ 7HAE
7] B4l B o] = A& &9 endothelin-1 (ET-1),
stem cell factor (SCF), basic fibroblast growth factor (bFGF),
18] 3 amelanocyte stimulating hormone (a-MSH)©| 1tk
[15,16].

Rho family of GTP-binding proteine ZE A|E2] 3
oA 254 2R o] Fa3 TS s 1 Qo= Ax
SAS 2 NEZR2T A2 7] 24, Al ZAL A
Z 9 7= T oS 7leS 7HAA lvkal A itk
RhoA, Racl, Cdc42E E3H3E Rho family GTPases+= 714
7] 340 A 9&S Fr}(17-19]. ©] F Raclo]
SA3Ed A8 F3(actin polymerization)S E3¢] 7}
AE717F Zoix 1 A EE b 7Ioqsctn &d8A ot
[20-22].
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1. M= HHQS

Ao RS SHFA|ZF SK-MEL-24, SK-
MEL-28, HM3KO % MNT-1 N|ZFE2 AlZY g 2
FollA E AEZ F stz SEieta ot o7
At Ao A gofrol ARGSHEth 1 9 X 9)H-5F (der-

Table 1. List of primer sequences used in RT-PCR

mal papilla)d|Z2} HZH 2] Z] (outer root sheath)H|3E, B
HUAxZ, ZANZ, AREAEZ, 281 SAFAZIFE
Zedietn outiet R astu o)A FFatol AE-st
et

10% Fetal Bovine Serum (FBS, Gibco, Rockvilli, USA)
£ XE 3t Dulbecco’s Modified Eagle Medium (DMEM,
Welgene, Daejeon, Korea) 2.2 AtjujF U FAFHAL,
w7 ] LEE 37°CE $A3hAT.

2.RNA =&

SK-MEL-24 A3 MITF-M @ MITF-A adenovirus
247+ 0.5%2 48A17F H] T AEZE 1.5mL tubed]] ¥
RNA isolation reagent (TRI-REAGENT)E 500 ul. ¥31
~5E7F BESA171 3 100 uL9 chloroforme 3713}
B3] Hoj& Z 13,000 g, 4°Col A 1587 YA B3}
o} oF 300 uL9| 45 A Fste] 2L tubeo] %712
=

o]

Sl CTR

i

O

9] isopropanol g oj e, AHol Al 5H7H A elet
13,000 g, 4°CoflAl 1023+ YHZ23FAL tube?] HiE o]
A pelleto] 75% ethanol& 500 uL& ¥ $iTh. 13,000 g
287F A4 B2 5lo] 75% ethanolS A ATt HFF O
RNAE ¥ith DEPC (diethylpyrocarbonate)7} # 2] &
Fo &9 UV spectrophotometer2 RNAE A3}

ool U2 A2 o off 3R of

3. RT-PCR

RNA (3 pg)E 80°ColA 387 7Fd3te] WA &
5X buffer, dNTP, oligo-dT, reverse transcriptaseﬁl— RNase
inhibitorE A7}8le] & 30 uL7} EA 3 £ 42°CoA 1
AI7E 3087t 9H-5-A1A ¢DNAE sttt

Primer®] w2} MITF-M, MITF-A @ MITF-HE= PCR %
S 94°Col A 3&, 94°ColA] 30%, 58°CollA] 30%, 72°C
oA 8202 303 g =33} 1L, MITF-C, MITF-J 9|
PCR 24L& 94°Co| A 38, 94°Cof|A] 30%, 56°Col|A] 30
Z, 72°Co|l A 8RS 2 303 wHEsto] =353t 2tz

Gene Primer sequence

MITE-M Forward pr.imer 5'-ACCTTCTCTTTGCCAGTCCA-3'
Reverse primer 5'-CGGATATAGTCCACGGATGC-3'

MITF-A Forward primer 5'-TGAAGAGCCCAAAACCTATTACGA-3'

MITF-C Forward primer 5'-CTTCAGTGGTTTTCCCACGAGCT-3’

MITF-H Forward primer 5'-GGAGGCGCTTAGAGTTCAGATG-3'

MITF-J Forward primer 5'-CTCTCCATGAGTCTGAGCATCTAA-3’

MITF-A,C,H,J Reverse primer 5'-GATCAATCAAGTTTCCCGAGACAG-3'




MITF ©}3 2] primer+= Table 10 &}A|3] 714 % o] Qlch

ZZ % PCR AHES 1% agarose gelol] A7|FEA7 &, 680
EE WEsqth

4. Western blot

AZzE SdEs A AAA (20 pg/mL leupeptin, 10
pg/mL pepstatin A, 10 pg/mL chymostatin, 2 pg/mL apro-
tinin, and 1 mM phenylmethylsulfonyl fluoride (PMSF)|&
3233 immunoprecipitation assay (RIPA) buffer (150 mM
NaCl, 50 mM Tris, pH 7.4, 1 mM EDTA, 0.1% NP-40)&
Agstel §AA F WO AHA BolE H 1 &
ZHS AR 79 13,000 gofl 1587 Badt | & o
v} 218 Bradford protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA)E ©o]&3}o] A3}t

SampleZ 10, 15% SDS-polyacrylamide gels®] A7]%
& 39t A7) 95 0] ¢ & PVDF cell membrane®]|
transfer buffer (20 mM Tris-HCI, 150 mM glycine, 20%
methanol, pH 8.3)5 AME-3}4] transferd} ATt TransferZ}
£ % membraneS 5% skim milk (0.05% TBST, Tween
20)E AFE-31e] 1X|7F 52 blocking 3} th.

Blocking®] 8 & 12} §A|E 4°CollA] overnightZ 3}
Aot 12} FA| ¥-g-o] EF T membrane TBST (0.05%
TBST, Tween20)l 1023+ 38] Ao & 22 JPAE &
20 1At Fet WA H o, 3o 4 & membrane
< TBST (0.05% TBST, Tween20)°l] 10&7F 33] Al2314
tt. A& o] E4 & ECL (Enhanced Chemiluminescene)&
ARgSEe] A BhEE =S & Xeray filmo] 7H35}o]
23S B4

o5 2ol 12k FAE & Aol AHESHTH - MITF
(Milipore, Darmstadt, Germany), Flag (Sigma, St. Louis,
USA), Racl (Santa Cruz, CA, USA), phospho-Rac1 (Cell
Signaling Technology, Danvers, MA, USA).

5. Phaloidin &AH4

SK-MEL-24 A|22E PBS (phosphate buffered saline, pH
7492 F H AF3}FIL 3.7% formaldehyde solution®]] AF
2o 102 ¢ LZAIF T 13 $ oA PBSE F H A
Z3}3l 0.1% Triton X-1009) 3~5& 7}2F H©x]3}3L PBS
2 23] M3 & Alexa Fluor 488® phalloidin (Life tech-
nologies, Carlsbad, CA, USA)S PBSY] 3]43}¢] o]F&
oA 3087 ¥H-8-A17]2 3 ] 7 (Olympus, Tokyo,
Japan) 2. 2 FEHE WS

1034 He ¥ Image ] T2IBL Ao} R A=

L =
& QAN Lol 42 Zgstel HFE Fokich

A z2et AP MITF e ) 29 717187 2
of Zpol R MY WH AolF rest2 BHH O,
A4 o2 parol 005 WY T FAH Oz §o
stk st

2

1, FAME E MITF oFol st bt

AT AL AHRES FalA Thakeh Al A
MITF-M, MITF-A, MITF-C, MITF-H @ MITF-J o}& 9
Ud S Felsksith 1 A3 X9 §-F (dermal papilla)
AN Z9} vlZ-E 2] A (outer root sheath)Al| E o A= MITF-A
9} MITF-H7} @ == A& sk, Wehd Az of A
+ MITF-A, MITF-H, MITF-M 1% MITFE-M©]| 7}3}A
e = 2AS ERAsHAT. 2 A Lo A= MITF-A¢t -H
o HEE sk, AfrotAlEo A= MITF-AT 23
<= gelskgith(Fig. 1).

2. SMZNRO|A MITF OFsio| el o

RT-PCRE ZallA SAFAEFA 242 MITF of
o Id FS sttt 1 23 SK-MEL-24, SK-
MEL-28, HM3KO 9@ MNT-1 A|Z 5 2E SAZA 2
oA MITF-M3} MITF-A7} HEd == AL g9,

MITE-M©o| @#]3] @o] BHadEE= AL &2l th(Fig.
1.

3. MITF 1tbsiof| ofet SK-MEL-24 SMZEXM|ZZ2| HHEH
Mt

SK-MEL-24 4% A o] MITF-M3} MITF-A adeno-
virusE AHg-Ste] TP AI7| L 5 & dn|F o {As)
A< o MITF-MZ} MITF-A®] Zhitdof of3 7kx]E7] 9]
FEj o] W3S Elst T (Fig. 2).

APFE MITEMS thzzo] us) 23be Ao 4=
Tg Bk opygt 7 E7]9 Zo)7k 2~3u) o4 ZojR



30 x9I%, 27T, Y, 0/”s
A) (B)
= < 9 T 5 = < QT -
EEELEE EELEE
Cell = = = = = Cell = = = =2 =
DP cells
SK-MEL-24
ORS cells
SK-MEL-28
Melanocytes
HM3KO
Keratinocytes
MNT-1

Fibroblasts

Fig. 1. Gene expression of MITF isoforms in various cells. (A) MITF isoforms expression in normal cells, DP cells (dermal papilla cells of
hair follicle), ORS cells (outer root sheath cells of hair follicle, melanocytes, keratinocytes, and fibroblast. (B) MITF isoforms expression in
melanoma cell lines, SK-MEL-24, SK-MEL-28, HM3KO, and MNT-1 cells.

Ad/Lac-Z Ad/MITF-M Ad/MITF-A

Fig. 2. The change of morphology of the MITF-overexpressed SK-MEL-24 melanoma cells. Number of the dendrites, mainly long (red
arrows), are increased in the MITF-M-overexpressed SK-MEL-24 melanoma cells (B and E) compared to the Ad/Lac-Z control (A and D).
Number of the dendrites, mainly short (white arrows), are increased in the MITF-A-overexpressed SK-MEL-24 melanoma cells (C and F)
compared with the Ad/Lac-Z control (A and D). E and F, Magnified photographs of the rectangular region in the Fig. B and Fig. C, respec-
tively. Original magnification, A-C, X 100; D-F, x400.
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Fig. 3. The graphs for the morphomentric analysis of Fig. 2 data. (A) Differential cell number in the control (Ad/Lac-Z), MITF-M-overex-
prssed cells (Ad/MITF-M), and MITF-A-overexpressed cells. (B) Dendritic length (% control) in the control, MITF-M-overexprssed cells,
and MITF-A-overexpressed cells. (C) % cell with >3 dendrites in the control, MITF-M-overexprssed cells, and MITF-A-overexpressed
cells. Results are expressed as the mean = SD of independent experiments (n=3). * Significantly different (p <0.05) from the control.

7 E71E°] F7HE itk (Figs. 2, 3).

4. SK—MEL—24 SME MZoM MITF tbsiof ofst

Rac12| Y& Hal

SK-MEL-24 3% A|Zo] z}Z} MITF-M#} MITF-A
9] adenovirusE AHESte] A7) 2 & A28 A
o] A8S 23Y5Fch Western blot2 ©]-83}o] Racl &
Wgo] vt WEE 21t A3 total Racld S <
phosph- Rac1¢] MITF-M¥} MITF-AS A1 Al
SolA T& ko] ST (Fig. 4).
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AHANZE AR5 o2 RE Y= *17%1559}
THAEZE 7T Y FEEtE e fAEE 7R
tH13,141. Wehd Az 7HAE71E Fo &u]o) zréuﬂ
Z Fog dapd M Ao 3T EF 471HA F
e Es o|FAAFTE 2T IS Frh(15]. Wehd
S 2R A2AZ 43R a-MSH, NGFF ET-1
datd S FEsk k9] ASE 53 NS
t}H16].
AEe SAFAEZ 7HE7]9] F4 MITFY
A7) SlEA olE TLEAAA 1 Gl o
3 At BRI MAA SAENE SK-MEL-249]
MITF-M 9 MITF-AE adenovirusE ©|&3}e] IHHE A
7 FEisHd Wsks Sleta, O ks AHEY 7
£7]¢] Zo] 2 7} MITE-M, MITF-A7} A& Z+7} th
2 #39 "sl7t e gelstgich

tlo

o

ofl rlo oft
ok fe ox
i)
Jlop

8
o .o
-

Ad/Lac-Z
Ad/MITF-M
Ad/MITF-A

Phospho-Racl

Total-Racl

\
|
‘
|
|
i
|

|

Flag

Actin

Fig. 4. Expression of total-Racl protein and phospho-Rac-1
protein, active form of Racl, are increased in the MITF-M-over-
expressed cells (Ad/MITF-M), and in the MITF-A-overexpressed
cells (Ad/MITF-A) compared with the control (Ad/Lac-Z). The
band of Flag shows that adenoviral vectors including MITF-M and
MITF-A respectively are transfected well in each cells.

SK-MEL-24 A|Z¢j] MITF-M, -AS 3Hd&A|7] A1} A
9] Pej7t Wt AL Sk, 2ol vls 714
E7]9] Z4o|7F MITE-MAAE ARAoz Zoja mnt
oflzt B3tH A2 5= JA| F7tete AL gelshgla
g o] MITF-A&= MITE-MZ}F 22| Al 0|49 7}Xl%7H
27} 2718k AL #Hold 4 Q1o

MITE-M3} MITF-A o}& 9] AR oA R Wr &

A Qe 2~9 ddo] FUsiTtT e MITF—Mﬂr
MITF-A 3% A E& BAUsHA A2 v = okS uf
A& o] ofu|:=At 67)7} MITF-Mojl= A9 MITF-A
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Effect of MITF-M and MITF-A Overexpression on the Dendrtic
Formation in Melanocytes
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Abstract : The microphthalmia-associated transcription factor (MITF), has been described as the master regulator

of the basic helix-loop-helix leucine zipper family, involves melanogenesis in melanocytes. MITF consists of at
least six isoforms, called MITF-M, MITF-A, MITF-B, MITF-C, MITF-H, and MITF-J. Previously, we found
that not only MITF-M is expressed in the human hair follicle, but also MITF-A, MITF-C, MITF-H, and MITF-J
isoforms are expressed in the skin. The aim of this study was to conform the MITF isoforms expressed in human

skin, and investigate novel role of MITF isoforms in the melanocytes. Expression of MITF-M and MITF-A was

found in primary melanoctyes and the melanoma cell lines. Interestingly, when MITF-M and MITF-A were

overexpressed in the SK-MEL-24 melanoma cells by adenoviral transfection, length of the dendrites, serves

as the principal conduit for melanosomes transfer, was significantly increased in the MITF-M overexpressed

cells compared with the control group, and number of the dendtrites was significantly increased in the MITF-A

overexpressed cells. A signal molecule involve in actin polymerization during dendrite formation, Racl, was
increased in the SK-MEL-24 melanoma cells treated with adenoviral MITF-M and MITF-A vectors. These results

suggest that MITF-M and MITF-A induce dendrite formation via Racl signaling in the melanocytes.
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