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Inhibitory Effects of Methanol Extract of Kaempferia galanga on
melanogenesis in B16/F10 Melanoma Cells
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Abstract

Objective: Recently the demands for the effective and safe depigmentative and anti-aging agents of the skin
have increased due to the medical, pharmaceutical and cosmetic reasons. The purpose of this study is to
investigate the MKG(Methanol Extract of Kaempferia galanga) and their dermal bioactivity properties related to
cosmeceuticals such as depigmentation.

Methods: We assessed inhibitory effects of MKG on melanin production in B16/F10 melanoma cells, on
mushroom tyrosinase activity, effects of MKG on the expression tyrosinase, TRP-1, TRP-2, GSK-33, CREB, MITF
in B16/F10 melanoma cells without cytotoxicity range. Cell viability was measured by MTT assay and tyrosinase
activity was assessed using by DOPA staining, western-blot analysis.

We measured inhibition of melanin synthesis and tyrosinase activity by down-regulation of melanogenic enzyme
expressions in @-MSH induced melanogenesis B16/F10 melanoma cells.

Results: MKG inhibited tyrosinase-activity, total melanin contents and dendrite out-growth, MKG inhibited
melanogenesis by down-regulation of tyorsinase, TRP-1, TRP-2, CREB, and MITF in B16/F10 cells, The treatment
with MKG at the 125, 25 ug/ml level significantly inhibited the melanin synthesis induced «-MSH in B16/F10
melanoma cells compared with untreated control.
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Conclusion: These results suggest that MKG

inhibit melanin biosynthesis which is involved in

hyper-pigmentation. So MKG is considered to be used as a whitening components reducing cytotoxicity.
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DMEM, FBS& Gibco(NY, USAMAE, goat polyclonal
IgG tyrosinase, TRP-1, TRP-2, tyrosinaset Santa
Cruz(CA, USA)A}, rabbit polyclonal IgG phospho-
CREB, phospho-Akt, phospho-GSK-38&  Cell
Signaling(Danvers, MA, USA)AL, anti-Goat, anti-
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hybond-ECL nitrocellulose membrane, western
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USAAL AlE-S ARS-tsiTt.

sodium

4) 87171

Centrifuge HA-12, Clean bench, CO, incubator,
Micro 17TR centrifuges= 3+47]7]AKInchun, Korea),

A4 9 391 : BI6/F10

BAZFATAN A EkE FEEe] ek Al miAe oAEH

ELISA readers Bio-TEKAKWinooski, USA),
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AZE djokskgict. Mgt ¥ 0.05% MTTEAS
gol 24k 37CelM wiFd v, ASAE At
3 formazan AE] 1 ni¢] DMSOZ Yo of 158
7t Ao Mg 3, 540 me] ol ELISA
reader® LS ZA45t0] AFAEES ARSI
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B16/F10 melanoma cell& chamber slide(8
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Fig. 1. Effects of MKG on cell viability,

BI6/F10 cells were serum-starved for 24 hours and MKG was added
to serum-free medium at 625 ~ 100 wg/m for 72 hours, Cell
viabilities were measured by MTT assay as described in Materials and
Methods. Data are means * S.D. of three experiments performed in
triplicate. **p0.01: compared to control,
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Fig. 2. Effects of MKG on tyrosinase activity,

The effect on tyrosinase activity was tested with various doses of
MKG in B16/F10 cells for 3 days. Data are expressed as percent (%)
of control and each column represents the mean + SD. of three
experiments performed in triplicate, *p¢0.05, *p<0.01: compared with
control,
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Fig. 3. Effects of MKG on melanin contents,

Cells were seeded at 1x10° cells/dish. After 24 hours, cells were
treated with several concentrations of MKG, and cultured for 3 days.
Then, melanin contents were measured as described in Materials and
Methods. Data are means + S.D. of three experiments performed in
triplicate,
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Fig. 4. Observation of tyrosinase activity by DOPA stain

after treatment with MKG,

Cells were incubated with MKG at 125, 25 ug/ml. After 3 days, cells
were stained with DOPA as described in Materials & Methods, A
control, B: 12,5 ug/ml MKG, C: 25 ug/ml MKG.
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Fig. 5. Effects of MKG on tyrosinase activity in cell-free
system,

The direct effect of MKG on cellular tyrosinase activity was measured
as described in Materials and Methods, Data are expressed as percent
(%) of control and each column represents the mean + SD, of three
experiments performed in triplicate,
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Fig. 6. Effects of MKG on the tyrosinase, TRP-1, and

TRP-2 protein expressions in B16/F10 cells,

B16/F10 cells were incubated with MKG, After 3 days, cells were
analysed using Western blotting as described in materials & methods,
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ol17] 93] Western blotZ A3}, A3 23}
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MKG 12.5, 25 ug/ml 2 2|3+ F7kol|A tyrosinase,
TRP-1& F& &z oz whld digo] 744319
ThHFig, 0).
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Fig. 7. Effects of MKG on the GSK-38 protein

expressions in B16/F10 cells,

B16/F10 cells were incubated with MKG, After 3 days, cells were
analysed using Western blotting as described in materials & methods,

8) CREB @dd n|x& 9%

MKG7} CREBS] QIikstef ofmgt ks m|x)=
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23}k Fig. 8).
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Fig. 8, Effects of MKG on the p-CREB protein

expressions in B16/F10 cells.

B16/F10 cells were incubated with MKG. After 3 days, cells were
analysed using Western blotting as described in materials & methods,
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Fig. 9. Effects of MKG on the MITF protein expressions
in B16/F10 cells.

BI6/F10 cells were incubated with MKG. After 3 days, cells were
analysed using Western blotting as described in materials & methods,

2. a -MSH Rk pMA FHEO St ALXE
HEE FE29 g1
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Fig. 10. Effects of MKG on tyrosinase activity in «
~-MSH stimulated cells,

The effect on tyrosinase activity was tested with various doses of
MKG and e-MSH in B16/F10 cells for 3 days. Data are expressed as
percent (%) of control and each column represents the mean + S.D.
of at least three experiments performed in triplicate, *p<0.01:
compared to control, #p{0.01: compared to the @-MSH treated group.
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Fig. 11. Effects of MKG on melanin contents in @ —=MSH

stimulated cells,

B16/F10 cells were seeded at 1x10° cells/dish, After 24 hours, cells
were treated with several concentrations of MKG and «-MSH for 3
days. Then, melanin contents were measured as described in
Materials and Methods, Data are means = S.D. of three experiments
performed in triplicate, **p{0.01: compared to control group, #p<0.05:
compared to the «-MSH treated group,
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B oA DOPA QAL Esle] MKGE e}
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Fig. 12. Observation of tyrosinase activity by DOPA
stain after treatment with MKG and a —MSH,

Cells were incubated with MKG and «-MSH. After 3 days, cells were
stained with DOPA as described in Materials & Methods, A: control,
B a-MSH, C: a-MSH+12.5 ug/ml MKG, D: a-MSH+25 ug/ml MKG.
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Fig. 13, Effects of MKG and « -MSH on tyrosinase

protein expression,

Cells were incubated with MKG and «-MSH. After 3 days, whole cell
lysates were then subjected to Western blot analysis using antibodies
against tyrosinase as described in Materials & Methods,

6) CREB &3 u]x]+& g

B AFoA o-MSHZE 59 dehd dAdex
MKG7} CREBY] Qlitslo| ofudt Jaks w|A|&A|

Ads)] B A7 MKG 12.5, 25 ug/nl |4 CREBY]
L FE JEHoR AAE A& ettt
(Fig. 14).
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Fig. 14, Effects of MKG and « -MSH on CREB protein

expression,

Cells were incubated with MKG and «-MSH. After 3 days, whole cell
lysates were then subjected to Western blot analysis using antibodies
against tyrosinase as described in Materials & Methods.

7) MITF %do] & 9

a-MSH(100nM)
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QP e ot | MITF
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Fig. 15. Effects of MKG and a =MSH on MITF protein

expression,

Cells were incubated with MKG and «-MSH. After 3 days, whole cell
lysates were then subjected to Western blot analysis using antibodies
against tyrosinase as described in Materials & Methods.

BAZFATAN A EkE FEEe] ek Al miAe oAEH

a-MSHZ =49 dzpd el disl MKG7}
MITF] W&lof ofugl °4f% nX=x] Al B2
AT} 12,5, 25 ug/nl A2 FEPZF ZF MITFY]

o] ZaseE A E.“ﬂﬁh‘:} Fig. 15).

IRAS AAske ks 39 melanin, 319
32| hemoglobin, ¥|3}ZZe| E¥E8}+ carotene 3
7HA el oJair AR HEE, o] F M F83 9%
< 3= 0] melaninoltF”, melanin®] 713 FH
ogke. F]Ror BAElE active oxygen©|L} free
radical-& A|ASHL, 2HJA] FHE ol BFof Ui
& HIsh=s Ao,

melaning 1A Wold g, 2, =, A, o
wof Estn], HepdAze] o] o %5]‘— =R
o agA EAR 79} vt NS ARk F
g AR, AGHUVE 9 éEﬂléoﬂ 93
melanin M| ¥, melanin A|E FHY AfolHE, Z+
AYPAAE, GSHE7} 283}3, prostaglandin, o
2] 714 cytokine, @ -MSH9| W3} Fo] gdtzlo] A
& o] AN, 53] 2T 2
® a-MSH, ACTH, B-endorphin 5 o3 <zp7}
deid AlEe] st Fe 3 E3tel 9% HIA
o], 340 Wepde FFE7IE Fdto o &
PPN L AsNAAM 2EF 2o o3t HE )
AAekes 242 UERA d,
melanogenesist= 3]4-2] melanocyte®llA] melanin
o] A== HA o=, tFAQ AT A+ tyrosinase
olt}, tyrosinaser= Wehd TAJHA ] Fad &=
ZA7 DA(rate-limiting step)S UYEWE E4AF,
AA W ojm|izAel tyrosineo] L-DOPA, DOPA
quinnone® 2 Aks}E= 34'76‘)“ #ofgity, DOPA
T 7 gE A=
% eumelaning oM El% T3 ATEER

e

(‘1

N

ﬂl

il

quinnone< 53 pheomelanin
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A AL31 F}h, brownish-blackS H& eumelanin
S AXSE eumelanogenesisS A#HEH DOPA
quinnone®] DOPA chrome® & W3 %3, DOPA
chromeo] TRP-2¢9] ¢J&] DHICA7} Hi TtHA
TRP-19] ]3] DHICA eumalanin®] ¥t} A
DOPA chrome¢] 3 9 gebihikgof <3 DHI
7} AAEIL tyrosinase oxidaseo] 23] Indole-5,
6-quinoneZ. A%E0] DHI eumelanin®] ZZE# 0
2 AA"EY, 183, yellow~reddish-brownish-&
THE= pheomelanogenesist cysteine, glutathione
3} 2 3 3 oAb FETE =2 A%
DOPA quinnone®]| cysteinyl DOPAS A5l 2
Aele] AS AA pheomelanin© 2 YAJHE 7= o]
o}, kA0 8 melanino]2}al 3P eumelanogenesis
o o3l A9 eumelaning AT, 0|5 wz}
HaA oA AAE melaning FA E715 T}
£9]9] AASAEZ WL o] rurn-overd] 23 &
HOT o]F, HFHoT Fg dgtdr,

FHZ a]d 7)As A" A7E o A #
Ao a7Eo] gk, AA, melanin FAJS] FEA
9l tyrosinase B4 Z2A3}7] Yt tyrosinase T4
Aol & Aol tyrosinased] 712 tiF 2FEES
JWdatal, SR melanin AEA Al Hebd AlE
o 71%5& AstA717] Yl depd AEel 5448 v
Bl 45 T, Az deid 47174
tyrosinase®} DOPA chrome®l4] DHICAZ 2] 3}k
& Zulsh=  TRP-2, DHICA°Y indole-5,
6-quinone-2-carboxylic acid2 HIL Zuljsh=
TRP-19] #4& FAlo #A2A7|e W3kex aT

g3 ol

A L A Ak e 2EYHAT gk
Wehd ot o] o3l AAHEE, 5% v

7etolli= tyrosinase?] EAS JAlste] wWahd A
& Askske Ao] BrHolrk
FAA tyrosinase B4 Al el B

hydroquinone¥} kojic acid, arbutin $o] 9JoH,

10

tyrosine?] AFSHHg-S& o} dizhd M-S AAlsh=
AL vitamin C, gluthatione 50| It} ©o]¢]o]
7 A42Z AA X Z5S 7 A g
Z2Al retinoic acid, CU}3|EZAIXHAHA) AA] ]|
thet A, AR A A, AESA Al &
A AT, S AA LA g AT FOR o
FolA 9,,1\3}27), I3, kojic acid, arbutine o}
2 Qldelx] & o] @, HlwA Fo| BYst
Tl %#7 hydroquinone AZEAdo] 7Fste]
A EdHoldo] 2 4 Yk Husu gl
Vitamin C& &9 olx ] A3l Zaj=7]
of =4 A=A WA ARgell= AL AAIH
o] gt

olFgt o]f 2 HAEZHE Hrl H2 tyrosinase
B A AFE 23YToTA, nuAd 3
F 2 E AR ARSetEE A7t i o] Fo]
a oh;]..
AEA A7 v AE gt 9 oEE

pud

>

H,ﬁzs)’ Emzmy 3—(-%%\30)’ HE‘P )’ ‘2@%@32)’ E'K}.’»),
qiE, e, s T, i ann, o
HTV59) FZ58o0), BRAMZ B, kb
B kT, O, ok
Sold Wehd §44 oRle} we Fo] Basgl,
s Beold vRe] AL Az disiA
(R HI) Y BRI RIS R
iR, B SEEETE, MKECO A $EHY
3, GERRR T R PelA A ko)
Ak Hhkol Milifoll 2ol EHE b AL
tw'o] Ao Uehdrla slo] Wel7| st Feol of
sto] FAHoR AFE olFol, IR WM, HIN,
HEEFEE, WA, B0, M 502 Tiaksl] Bago]
b ool (amprumgr) TolNE WAL Hiko
2 ORIAH, OiEkE) VaME gEEZY i
KR QNS MG, (REAP) Ve ik
29} SRR Q3 W, OMHEZ) elA
B ORAREOR A kel WA, (R
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AME #e FE Yooz mght $7e sl
AL HkEANEY Bk, S v FE o8
W S5 e Be 2do A Foled Ao
F7, orare 2 uigoht 2 71E, Ado| of
i 5 Y RIS A Al Hof Kol &
Z5A4 23 o 4717 4o skt F2 287
S RS RIS B, HIAE, FIERL,
B KIE, MO, KB, BB sHos
B, KA, S, Bl So] ¥R Tz A
o aele Zog AlgEd,

T3, 9F PRAHl osg - F27) - v S
tetole QeldRy e Agigo] A=, o
2 OREIE AR R 0 g2 g
—y) oTEze] E& FRIA(AK), TEHT),
Z27(RIBD, 71, AAARIAMB IS |
R M, SRR RATEEN, BHEASTE S,
EAH7F At L oto] thofet Adso| g
WA= ofe] 74| gl Akl 850 Sttt o]
%, WlEARS Y- [l @k pak e
B FNEE - KRR - IR - ST - B BB
PR - Bk - D72 AR ui Al4=E o
nje} ARS-sHH dEAo] Wlgs) Zho] HT AL s}l
YA pEaE o B8 A7 tyrosinase
activity?} Hehd 42 aAFoZ ARGt K
BiAZ b=

ARG TRE A AEd g
Kaempferia galanga L)% H#eA f2id thdAy
ZHOT WAL AT, A, S, K, Wk 5
o] Gk, Mk i, MHIIL EHS FROR {7
SO B, B, PERE, TR, (bstel BRI,
BEL A, ARECRE, BATIRGS, Wi S X=ol A}
SEQPYT, ISR W PRSI o
A gigell AelA GA| ska AP EAAA
9ete] dokE wheo] HYRE ASE AN,
olgle] & skl sl Tl vp2E ogA &
T2 ARSItk

ol iokoz A8 Ade glon,
AfiAte] AR 29| kaempferol” & WERER F%
Y= ZEHwo|ER antioxidant, anti-inflammatory,
antimicrobial,

anticancer, cardioprotective,

neuroprotective, antidiabetic, anti-osteoporotic,
estrogenic/antiestrogenic, anxiolytic, analgesic and
antiallergic activities, kaempferide® Zg}Hxo]=
2 antioxidant, anti-inflammatory, anticancer 95
o] ¥y gick. AhliAte] oFejatgo #3 A=
= 19 i) oeke 322 2 ethyl-p-methoxyl
R EE S I Tl
tyrosinase EAE 2JAI5t0] melanin A4S A3fa}
T Z& Haskgld

B ATqNE WA MKGY AE AZ2E A2
&3l el 227] A WS dohd A, 50 wg
[nl EE oP}oX AE BEEC] 66%= FHAoFS
g, A9 2% = H9 Wid MKGY 549
A= 50 wg/nl ol3}el 12,5, 25 ug/nl FEAA AF
= AABHSITkFig. 1).

MKGT Tyrosinase ZA=0lA 12,5, 25 ug/nl &
TolA Zzt gz 92%, 71%= JERITHEig,
2). W& MKGE BIG/F10 melanoma cell?]
tyrosinase S ZFAAASS 4 T ATh F 4
2hd 4 AAelME diz2e 95%, 86%= wWehd
FAe AAaAFE, ol tyrosinase A= AT}
o AR Ao YElsith(Fig. 3). 341 A elA
tyrosinase SAES & dehd 4§ 7HAE 953
7l Fejed aF= oA ASs) B9tttk DOPA
e ANE A, MKG 125, 25 wg/nl &= A
gzl izl vlste] FA} E7I7F A8k
i A7) dojxe-S BET F UITHFig. 4.

cell FFoX WA MKG7} tyrosinase A2 7+
2 R RS oMRE deagens, 7
AZoz wepd BB Tl 0 AN U4 w
o B3 Age A w3k

MKG7} @2hd KA9] key enzyme?l tyrosinase

cinnamate AJE-Q

11
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e ARACR AAlsheAl Yotry] S1EiA
Cell-free system©llA] Mushroom tyrosinaseE ©o]-&
sto] A¥3st A3, Mushroom tyrosinase 4 34
_% Zl;gx-]___g quﬂo};(] °L}); E}Cﬂo} E}Fig
5). ] @-‘Jri MKGE BIG/F10 melanoma cell]
53] 74202 tyrosianse 4

& ee @+ A

JJr— MKG "9A 7 7Fsds BolF
dehd A Hofohk= 2-471A

. 53], dWehd AEA A MKGe
o3k a4 G4 A ddsto] Az = 4 o

b MKG7} debd ol #dE tyrosinase,
TRP-1, TRP-29] Tl d &S ZAhsh=A T4
o7 dolH7] 93l Western blotS Algst Ay},
MKG 12,5, 25 ug/nl 2 Z2]3F F7tollA tyrosinase,
TRP-1= £% ooz chillz wdo| 744319
i, TRP-2&= & Aol UehlA] AgkchFig. 6).

gl el dEE @A dEo] HasE A
= SQletal, HAAAR dojuk= Hepd A AL
AL 93|31 A} melanogenesis pathway %5 Wnt/
AKT/ GSK-3f signaling pathwayo] MKG7} #¢]
S dlohis] gl GsK3p A s
Western blot W02 ZARs}4it),

AZW Az A el dFQ AKTE CREB
5 3 A EEe 2AsE JAE 9EA 9
31, tyrosinase, TRP-1, TRP-29] w33} wWzhd A
e 2dske ARl MITFS] @A43h=  AKT,
GSK-349] lsle} dgbo] o, MITFS] <lak
ske depds Asks Fade e 57}"]74
tyrosinase &S ZZA)7l= DNA ZERE o
o A, Wehd 44 42 fEg

Whnt signal 2% 2 424 3= GSK-38+E AKT
9] Qlakslel] o3 zA=i, GSK-389] AL 9
AR 216¥ EJZA1Y] Qlitstel] ofa] Aol fﬁi‘uﬂ
ok, oW A9 QlishE GSK-38 5 HIEA H
S Yehlid, 2168 B2 ik GSK-35¢]

4 2712 Jehdth, GSK-347F 842 w7 =4
AzAU] B-catenin®] FHAEo] MITFS o]
Z2E7 #oh. Wnt signal pathwayollA| signaling
of o3 A= WA k2 GSK-349 9T B
QAKSIAIA proteasomedl| 23 E3l7}
HeE sto] AEE Yol W2 TS fFASES
81t} Wnt signal receptor”} 3A435lEH GSK-3 8
& JANAA AEAW] B -catenin®] GSK-35 <
Abslol FAlol <likslE|o] proteasomedl] 2] 3
HA o MxA Ul B-catenin®] F=7} %o,
Z24E f-catenino] 3 Y2 F¢, MITFY {72
i 1‘-’r St Eh:} 3 1Hi °°‘541_ ﬂ-catenln

-catenine

B AFoH MKG7} GSK-38 ¢ ¢14ts}o]| o]
3t S nAEA s 2 A% MKG 125, 25
ug/ml FENA GSK-382] 9 Ao Qiksl W
o] thaxwst Hlwgs w zpol7h vERA B3t
(Fig, 7). WgtA] MKG= Whnt signalol| 23+ dzhd
A 2A-o] o|FojA|HTR= T 2o g A
og l?‘. /“ o]

MKG7} o+ “—.i_lﬂ}‘d A Aol Fofsh=A &
olr 7] ¢J5] «-MSH/ MCIR-cAMP/ PKA/ CREB-
depentent signaling pathway 42 % CREB ©d
of Wl g3 2RI CREBY Qitsts &
st MITFY] ##& J7MA7led, MITFE
tyrosinase?] ¥EE 75 Al=sla, Wehd A<
24| 83 A4S g},

2 AT MKG7} CREBY]

—

A3} ofwgt 3

e vAEA] A 2 A%, MKG 125, 25 w/
W BEON FE O|EA0E CREBY AL ©
AY AL FAsgrkEg 8. W MKGE

cAMP/ PKAZS 73+ CREBY] ¢33} AlE 53
JAAA  tyrosinase, TRP-1,
TRP-29] WS AAlshs AoR Heldh

3, MKGZF MITF o] vjs g3ke ZAke}
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o] 78Rl thste] AtskA HrgetaLat skt
oA A3l MKGZL CREB Q1S oAlsh=
AL 9519 1(Fig. 8), MKG7} CREBY ¢l4ks)
JAIE &3 MITFY] Lo S wxE=A] Yo}
B7] $J8 MKGE 12.5, 25 ug/nl 9] F=2 AzlekaL
72/ wjoket A MKGel| s MITFS| Wao] &
T EAOR AT 2 ERISISIrkFig. 9).
u}e}r], MKGE cAMP/ PKA/ CREB/ MITF A
ARRIZL WHdel| 93 mIA tyrosinaseo] 2-g-3}o]
deid e 2Ashs Z0E Az,
a-MSHE HalAl 9 975 3t o 714
GzxzA A EH|Ee thadds S pleiotropic
molecule) 2% FIMEY| A 52, FhxFd]
Ho 24, depd A4 A 5 ogd AR 7
of FoJa}” o= MCIRS} Agste] GsthlAe
GAsIA7]aL, o]AHH O R adenylate cyclase EAJo]|
o3  cAMPZ} F7HHR A&Fo®  PKA,
tyrosinase 24 5& Foto] Wehd WS FA

ZIt}, &3k CREB, MITF o] &S Z7}A|A

E3], Lerner” 5& Alo] o -MSHE 743 %
o] i AEAS FFSaL QA e HWzhds)
9} o] Tl ABAS AT wetA 2 A
oA FAA FFe| gk MKG 235 Yoy
9Jste] « -MSHZ tyrosinase A7 Wzhd $4S
&g Foll MKG7} vjAl= 9% ARSI «a
-MSH:= BI6/F10 melanoma cell®] tyrosinase 4
= o sul S7MAIFAL, MKG B8 AL 25 ug/nl
AME 562%= FAAZH. E3 o-MSHE
BI16/F10 melanoma cell®] ®ehd AL ok 2 3]
7R WEAEE 25 wy/miold 51.1%2 HA]
3] T2 ACKFig, 10, 11), ol ATH= hlitis
5 222S A AP T o-MSHE AT 4F
TME tyrosinase o] izl vlstd 36%
A2, & dEhd L 20% A= dAE =29 v

BAZFATAN A EkE FEEe] ek Al miAe oAEH

3 2ohd, MKGZF 23l Wi ass el
o BliER# ATdMe SFF FE52 58 A
Aon, diake W o gE-E FE35td A}
48 ApolHo] Slrt, thite] AokAle ofe] B4e
ot} wghg FEEAX EAo] VAL gl
WY, ole A7 84 o] F2 34 o wE
4 E2UE 58 + ik

DOPA @M% B3A MKG Azl oz
Hlsto] Fejgtog st FAY 717 24
staL Azo] PolhEE & 4 USIKFig 12).
Western blot H'Hg 0|83l «-MSHe| 93 3}
A2 ZAZA] tyrosinase TR WEof wjx|= gk
& ZALH 23, o-MSH Aol thzael| Hlste]
tyrosinase 30| A3 Frfslglem, «-MSHe}
MKG B4 Aeliolxe dAs] 7HAst9itkFig, 13).

2 A¥ AN «-MSHO| o3 F7Hd
tyrosinase 243 bl IS THH R A5}
97 wlEdl, MKG7} «-MSH/ MCIR-cAMP/
PKA/ CREB signaling pathway B2E ZA3s}o
tyrosinase 2493 Hehd IS 2AskEA A
o7 %oldy| 93 B16/F10 melanoma celld @
-MSHZ Aelstal A35 #dsi3it.

Whnt signalollA] GSK-38+% Wnt signaling®] §1
& BYole B-catening F3ste] MEAU B
-catenin®] F=7} @A FAE), signalingo] $lO
H GSK-34¢] 4o st 8 Uz olFH:
B -catenin®] FE7} ol MITFY| WHE o]
Al At

a-MSHE f=9 @Wehd I MKG7}
CREB @do] A= 93-S Western blotting AA]
& 2 A% MKG 12,5, 25 wy/nl FEolA CREBY
st dAE As FIsHSITKFig, 14).

MITFE debd AF3A Fagd A A=
tyrosinase, TRP-1, TRP-2 ThiAo] ule-g ZH3}
], cCAMP/PKA/CREBZ 20| oJ3] &3} == 2o
2 284 9o} «-MSHE f=d wzhd el




ShllolulelTuRakEA] A6T AIF013E 29)

sl MKG 125, 25 w/nl A7 =77 BT
MITF®] Wilo] ZHasE s RlshirhFig, 15).

ubx MKGE| dehd 34 Al 23 cAMP/
PKAE 743t CREBY 243} oAl 53] MITF

9] WS Z4AlA tyrosinase, TRP-1, TRP-2 thil
x| ‘?u_‘_ AR Q3 AYS sttt

HA7}A] melanosome?] 57|43} ZAd]| tis}
o A9 d#HA we HA——q', melanosome2

kinesin, dynein, myosin V¢ Z& Frhiz
(motor protein)¥} microtubule, actin filament]|
fstol 7HAS71E Tt 74 A AT o e
Ao FeA ', Hune 5 a-MSHO| o3
tyrosinase &4, @2Pd, tyrosinase®} TRP-1,
mRNAS) o] ZHEIgLen A 1A )
g 5 FHHoEr depdspl SXEg0ta B
s }0313]- w3l Busca %6 'S CAMP ZJ7 Racth
RhoZ E3}9] actin?] Al H(disorganization)S 4
o711, A#Aog WehdNxe £} 714 &7
7b 7KL skgltk, £ AE A3 «-MSHe|| ¢
sto] FA 7 E717F 7o, MKGE
& Foletds vl FA%d 7HA 719 A4S Alst
ACHFig. 12), webA 2 A3l Rac?t Rhooll vl
AFsHAl gkout MKGE 7HA €71
o A& AAH R Alstglen, o= FA} 7}
2 719 A JA|2-8-9] kinesin, dynein, myosin
V(motor protein)Z} microtubule, actin filamento]|
FEFS HHE 7hsAol sl

oAkl o7 Ay} MKGE BIG6/F10 melanoma
cello|A] tyrosinase A9} tyrosinase L3H-g A3
317 melanin 34 A dld IS qHHog
AL, «-MSHE fEHe MCIR-cAMP/
PKA/ CREB signaling pathwayo] 2|3 @zhd &
AE A2 Ao 34

As e z

2 3§ 54l 98 Ao Aaer,

F5 wpEste bgAe nrh AAACR 9
s7] 3 Ag v P B 2 9o
208 Aow A4se, o
pachwayel tlg AAHQ G771 Aslolol & 2
oltt.

3l melanogenesis

<
1~
rhu

1, MKGE AMEZA ZAMIA 50 wy/ml o) Fxol
A A Azgo] sl

2. MKGE Tyrosinase SA%9} & Wehd ¢, Wz}
d AR FANE7IE A2

3, MKG+= Mushroom tyrosinase &4 42 24
x%gi @'11]»3};] o}o 1;]_

4, MKG+ tyrosinase, TRP-1, TRP-2¢] thild wt

S FE JEH 0T ZAAF
5. MKGE GSK-3f @zl F3sial, CREB/
TF W8S ZHAAA tyrosianse TS A4
Zit}.
6. MKG=  «-MSHO| 93t A4 FAf,

tyrosinase 437 Wehd S GHHoZ o
Ao, DOPA GAol| 2 Fejsts o
QoA FAVY E717h FHAskaL Azke] @ojFnt,
7. MKGE «-MSHO|| oJgt #A4 HZAo, e}

d oA Ad dald W wr oEzFow o
A=)k,
8. MKGE=  «-MSHel| 9J3t i HZAld,

GSK-3 sk BAgle], CREB/ MITF &
S Z2AA tyrosianse WS JAAIHTE

MKGE «-MSH/ MCIR-cAMP/ PKA/ CREB
signaling pathwayol| 2-8-3tef, Hehd Aol o
3} tyrosinase @ TRP-1, TRP-2 ©thld wtg 71
22 dehd HE9| tyrosinase] ATAS A5t
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