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ABSTRACT

The Effect of Yukmijihwangtanghapyijihwangagambang on Melanin Synthesis
and Related Gene Expressions in B16F10 Mouse Melanoma Cell

Sun-Mi Shin, Dong-Youl Yoo
Dept. of Oriental Medicine Graduate School, Daejeon University

Purpose: This study was performed to elucidate the inhibitory effect of
Yukmijihwangtanghapyijihwangagambang (YM) on melanin synthesis in B16F10
melanoma cells.

Methods: To demonstrate the inhibitory effects of YM on melanin synthesis,
we measured the amount of released and produced melanin in B16F10 melanoma
call. Also, we evaluated tyrosinase—activity in vitro as well as in B16F10 melanoma
call. And to investigate the action mechanism, we assessed the gene expression of
tyrosinase, TRP-1, TRP-2, PKA, PKC@B, ERK-1 ERK-2, AKT-1 and MITF in
B16F10 melanoma call.

Results:

1. YM decreased the release and production of melanin in B16F10 melanoma cells.
2. YM decreased tyrosinase activity i/n vitro and in B16F10 melanoma cells.
3. YM decreased the expression of tyrosinase, TRP-1, TRP-2 in BI6F10 melanoma cells.
4. YM decreased the expression of PKA, PKC{ in B16F10 melanoma cells.
5. YM increased the expression of ERK-1, ERK-2 and AKT-1 in BI6F10 melanoma cells.
6. YM decreased the expression of MITF in B16F10 melanoma cells.

Conclusion: From these results, it may be concluded that YM has antimelanogenetic
effects.

Key words: Yukmijiwhangtanghapyijihwangagambang (YM), Melanin synthesis,
TRP, PKA, PKCB, ERK, AKT, MITF
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Scheme 1. Prescription of
Yukmijihwangtanghapyijihwangagambang
(YM)

Herb Scientific name Weight
name (g)

W 2 ADENOPHORAE RADIX 8

Sl REHMANNIAE RADIX
PREPARAT
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48 CORNI FRUCTUS 6
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(1) Al oF

B Ao AFE-E Al9F T Hank's balanced
salt solution, dimethyl sulfoxide (DMSO),
a-MSH, Dulbecco’s phosphate buffered
saline (D-PBS), NaOH, mushroom tyrosinase,
tyrosinase, L-tyrosine, phenol, isoamyl
alcohol, isopropyl alcohol, ethanol, DTT,
diethyl pyrocarbonate (DEPC), magnesium
chloride (MgClz)= Sigma (USA) A| &2,
normal saline 2] A2k A|F2, TRIzol,
superscript II RT+= Invitrogen (USA) =
=& fetal bovine serum (FBS), penicillin
—streptomycin, Dulbecco’s modified eagle’s
medium (DMEM), trypsin-EDTA+ Gibco
/BRL (USA) A|E<, RNaset= Pharmingen
(USA) A¥S, TRP-1, TRP-2, PKA,
PKCB & ELISA kite® R&D system
(USA) AF<, oligo dT, dATP, dGTP,
dTTP, Moloney murine leukemia virus
reverse transcriptase (M-MLV-RT)=
Promega (USA)#|%-S-, deoxyribonucleotide
triphosphate (ANTP), Taq polymerase=
Biotools (Spain) A&, DNA marker
+= Bioneer (USA) A|&2, DNA ligase=
BMS (USA) A|&E, cyanine3-dCTP,
cyanine5-dCTP+ Amersham (USA) A
=5, PCR purification kit= Nucleogen
(USA) AlFS AH&stden, 71g Aof
< 55 A %S AREEAT

2) 71 71

B AFo A8-H 7]7]= centrifuge (Hanil
unicon 4R, Korea), rotary vaccum evaporator
(Bichi 461, Switzerland), deep freezer
(Sanyo, Japan), freeze dryer (Eyela, Japan),
roller mixer (Gowon scientific technology,
Korea), 96 well plate, 24 well plate, 6

well plate (Seolin, Korea), CO incubator
(Sanyo, Japan), hematocytometer (Fuchs—
Rosenthal, Germany), clean bench (Sejong,
Korea), autoclave (Sanyo, Japan), micro-
pipet (Gilson, France), water bath (Vision
scientific, Korea), vortex mixer (Vision
scientific, Korea), MALDI-TOF (Shimadzu,
Japan), thermocycler system MWG
Biotech., Germany), ice-maker (Vision
scientific, Korea), cornical tube (Falcon,
USA), homogenizer (OMNI, USA), UV
illuminator (VL TFX-20M, USA), liquid
handler (Packard, USA), PCR apparatus
(Biometra T1, USA), image analyser
(VL, USA), electrophoresis (BMS, USA),
ELISA reader (BMS, USA), quantitative
real time PCR apparatus (ABI Prism
7000, USA), Gel-Pro analyzer 3.1 (Media
Cybernetics, USA) 52 AF&3l

, o338} rotary vacuum evaporator
Fil, freeze dryer® F72
65 g (F5& 98%)=
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Al sz af el AH8-= vl A= 10% FBS9}
penicillin, streptomycin®] ¥3%¥ DMEM
Hi A& AFEatom 1Y 13] wiAE 1
gttt FBSw &ESte HAAZES
EEA43A7]7] Hsl A2 =9 F
heat inactivation (56°C water bathol A
307E 7))t AREstow HiA|=
0.2 tm membrane filter2 <3 & Al&
3Rt B16F10 mouse melanoma cell®ll
Z+ Z74 EE 96 well plated & well B
100 wt, 24 well plateol = well & 500 w0
2 mediume FoAFUG. MEE I+
g & trypsin-EDTA 1 m{S 7}38}e]
37CAA 183 Aoz T2
Ax2E FEsta A 4 ms 2 94
2] (1,000 rpm, 3E¥)E 3t AlF3 &
Aol ARES ALY H oA A A A Aol A

5 RISAY. ME= 37T, 5% CO»

AHE-SE CO2 Bl 710l A Bl 3t ST
4) B16F10 Melanoma Cell (Melanocyte)

Proliferation &7
HAZE 2x10" cells/me] FEE 6 well
platedl] ¥ 6A)1ZF v Fsle] plateol] F
ZAN 7 T, 85t ZAT HAS
FEEE HUstA 1, 2, 391t vl sk
ok vl E ¥ 0.05% trypsin-EDTAS
Agste] AMEE #2F thE, PBSE
343l hematocytometer2 M EFE
AS Ao

5) B16F10 Melanocyte®] Melanin ]

2L ALF =3

Melanin fr2 % 4% 542 Hosoi
5o w'%e AgE gtk Melanin A
d AEEE vh2oA de SHFY
<2l BI6F10 melanoma cell2 ©]-&3}
Aot 8] FE B16F10 melanoma cell (%
Aol a-MSH (a-melanocyte stimulating

hormone, 10 pM)E A3 o (WF
), ©A 300, 150, 75, 37 pg/ml EEL
YMS 7ste] 397 wige & (HF
), AE wjgde] FE%H+= melanin®]
g SAAcH, of 2443 & 7H
A ZW melanin®] PSS dvjFo=z &
3 = AAJh

3k Al Z W 2] melanin A HFS =74
317] 913} B16F10 melanoma cell®l a
-MSHE A #g o5 YM<S 7hste] 3Y
ZowjeFstlth Wi FAME= PBSE 23]
Al 1,500 rpm o2 5E3F YA R )5t
Ttk AxFAZ 1 o] SF7
FE Yo 39 T 2Z9=E FHst,
Al dAEgste JAAES A F
AES 10% DMSO7} ¢H+9 1 N NaOH
300 wtell War S0TCoA 1A%
2]3ld melanine 83 Al Z T} 40
A &3 %= (optical density)E =33}
©° ™, melanin F3HFE FAH
X0 2 ARgste] A E EFEF A
T8kt

6) Mushroom Tyrosinase &4l v] X

= 9% =4

Tyrosinase Aol 1| XE 3 Mason
and Peterson 5] WS A&3H4 T
= 0.1M phosphate buffer (pH 6.8) 150
wl, 3 mM L-tyrosine 8% 20 wf, AN
20 pE A HE 743 o, 2,500 U/ml
mushroom tyrosinase 10 plZ 7}8te] wb
€5 AlAsIATh WE2 37T A 30%
7t incubation AlF oW 108 tAHo 7
405 nmoll X 355 S48tk Tyrosinase
gge ofefol] EAZ Ao ST
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SEX welof 0]X= Fe

A I Z79] tyrosinase T4l buffer 7}
sk Hkgde] F3 =

7) B16F10 Melanocyte®] Tyrosinase
= =3
B16F10 melanocyted] tyrosinase &4
S Martinez-Esparza 52 w12 ae
3 th #lk® B16F10 melanocyted] a
-MSH 10 utME A3 o5 (Hx),
oFA] 200, 100, 50, 25 pg/ml =<9 YM

S b8kl 393 widstAt (RED).
Hjj k= ﬂ £ trysin-EDTAE *] 2|3}
et o 11,000 rpmel A 30%3F
A

HEY }37_ lysis buffer (10 mM sodium
phosphate containing 196 Triton X-100
and 0.1 mM PMSF)E #7138 o, &
5 Zdel A 3083 EEHA AIEZE &3

ARG, A GRS Ao AXE
L AE A3} tyrosinase S =3

skt

8) °7‘47<} ol g JFF

(1) & RNA £

) Oho}J_ 2= BI16F10 melanocyte®l
1 m¢ TRIzol reagentE® *2]5F4d & RNA
£ ®Ystdrh. 283 RNAol 100
phenol®} 100 x¢ chloroform/isoamylalcohol
Q41)e Y B He &
HGE& 2H EFo N FFds
&9 th 05 mé isopropyl alcoholE o] &
sted RNAE HAAIZL & 70% ethanol
2 MAs AA AFRAAY. RNAase
free waterol] 4] RNAS l—‘?d % RNase-free
DNaseE #H7}star -70CoA A4 B2
=g

(2) cDNA Az

_{
o,
jubad
2
Ac)
Q‘L
fr

s 2 AJATA A2 223t total
RNA 9 2 ub (2 pg RNA 7)ol oligo
dT 2 pb (10 pM)= B2 & ZAXHA
E#e ok, 90°Col A 5&3F
39t} Primer”} annealing 3t=% 4°C
2 FA3H 10 x RT buffer 2 x, 0.1M
DTT 2 ul, 10mM dNTP nucleotide mix
1 b, reverse transcriptase 1 (5 7}3haL
o 7]ell H:O 10 b= 7Fsked 20 w= 3
O, ofF ZAEHA £2= tippingE
Atk o] &, 42°Col A 90%-3t incubation
g ohe, Eol ASATE 2E A v
H-O 100 S H7}3he] -20°Cel]l XA}
Aot Z+e] AleF2 Amersham Bioscience
(USA)oNA T3t

(3) Reverse Transcription-Polymerase
Chain Reaction (RT-PCR)

Oligo dT 12-18 f, reaction buffer (50
mM tris-HCI, 75 mM KCI, 3 mM MgCl,
10 mM DTT, pH 83), 1 mM dNTP%
200 unit M-MLV-RTE ¥ 3 RNA|
Agste] JHALE FPFOZH cDNA
£ FAsAT PCRE total volume 15
w2l 1081 9] PCR buffer, 0.2 mM dNTPs,
2 pmole®] sense % antisense primerZ
Yo s3] cDNAS 1.25 unite] Taq
polymerase2 %o PCRE *]33dth.
Tyrosinase® sense primer= GGC CAG
CTT TCA GGC AGA GGTolleH,
antisense primer= TGG TGC TTC
ATG GGC AAA ATC & AHE3IAT
TRP-19] sense primer= GCT GCA
GGA GCC TTC TTT CTC, antisense
primer= AAG ACG CTG CAC TGC
TGG TCT & AH&stle™, TRP-29
sense primer= GGC CAG CTT TCA
GGC AGA GGT, antisense primere

incubation
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CGG TTG TGA CCA ATG GGT GCC
o]t} PKAY sense primer= TCC CGT
TCC TGG TCA AAC TT, antisense
primer= TATA GGC TGG TCA GCG
AAG AA & A3t e, PKCRY sense
primer= AGA ACC ACA AAT TCA
CCG CC, antisense primer= TGA GAA
CCT CTC TGT CGA TG, ERK-1¢
sense primer= ATC AGA TCC TGA
GAG GGC TA, antisense primer= CAG
AGC TTT GGA GTC AGC ATE A&
3ttt ERK-29] sense primer= CAT
TGT TCA GGA CCT CAT GG, antisense
primer+ AGA GCA TCT CAG CCA
GAA TGolle ™, AKT-19] sense primer
+~ CCG CTA CTA TGC CAT GAA
GA, antisense primere AGC CCG AAG
TCC GTT ATC TTS AM&3tth &=
3l MITF9] sense primer= TAG ACA
TGC CAG CCA AGT CC, antisense
primer= CGC TGT GAG CTC CCT
TTT TA°]t}. Control2= GAPDHE
A3 2™ sense primer= CAGC CTC
GTC CCG TAG ACA AA°IR 2™ antisense
primer= CAC GAC ATA CTC AGC
ACC GGC o]tk PCR Z7& 94°C 4%,
30 cycles®] (94°C 30%, 59°C 30%, 72°C
45%), 72°C 10i°lAth. ¥ PCR 4
S 2% agarose geld] #7953t A
719 % A% Y& bandS density £4
Z Z 139l Gel-Pro analyzer 3.1 ©o]&
st &S AEs AT

(4) Real time RT-PCR

A Aol A#3E RNA 5 pg, random
hexamer (50 pmo/3 xf), 10 mM dNTP
1 @& ¥i DEPC A" S/HFE 7t
3ty 10 w09 RNA/primer mixtureS 9

S99 238 sampleg 65°ColA 5%
7t incubation A1Zl & 1% ©]F d5&
of W3} th. Reaction mixture 2 10
o] RT buffer 2 p, 25 mM MgCls 4 4,
0.1 M DTT 2 pl, RNAase 1 (< 4]

FH]39 ot Tyrosinase® sense primer
= GGC CAG CTT TCA GGC AGA
GGTo]%12. 1, antisense primere TGG
TGC TTC ATG GGC AAA ATC &
AFE3S Y. TRP-19] sense primere
GCT GCA GGA GCC TTC TTT
CTC, antisense primer= AAG ACG
CTG CAC TGC TGG TCT & AH&-3}
Ao, TRP-29] sense primer= GGC
CAG CTT TCA GGC AGA GGT,
antisense primer= CGG TTG TGA
CCA ATG GGT GCC ©]th. PKA<
sense primer= TCC CGT TCC TGG
TCA AAC TT, antisense primer= TATA
GGC TGG TCA GCG AAG AA & A}
L3} 01, PKCBE sense primer= AGA
ACC ACA AAT TCA CCG CC, antisense
primer= TGA GAA CCT CTC TGT
CGA TG, ERK-19] sense primer= ATC
AGA TCC TGA GAG GGC TA, antisense
primer= CAG AGC TTT GGA GTC
AGC ATS AH8-3F . ERK-29] sense
primer= CAT TGT TCA GGA CCT
CAT GG, antisense primer= AGA GCA
TCT CAG CCA GAA TGel%leH, ARK-1
9] sense primer= CCG CTA CTA TGC
CAT GAA GA, antisense primer= AGC
CCG AAG TCC GTT ATC TTS A&
3tk =3 MITF9 sense primere
TAG ACA TGC CAG CCA AGT CC,
antisense primer~ CGC TGT GAG CTC
CCT TTT TA°|At. ControlZ2%= GAPDH

33



RERMESE

ERMAFOI HEH My} 2H 7

waiof ojxls g8

= AFE319 2 sense primer= CAGC
CTC GTC CCG TAG ACA AA°|% e
H, antisense primer+= CAC GAC ATA
CTC AGC ACC GGC ©°] %t} Reaction
mixtureZ RNA/primer mixture®l] 7}3}<
A AL 287 X8 & superscript
II RT 1 u(50 units)E 7}skar 25°Cel
10%7t incubation AlZth. ThA] 42°Coll
4] 5083t incubation A7 T, 70°Cel
A 1583 7FE38t  inactivate A7)l
d2EA A8 RNase 1 & 7138}
3 9] 37°Cell A 2083t incubation Al
7 O, AHE AIZEA] -20°Cell B3
o} Z+7+9] optical tubed] 2¥19] SYBR
Green Mix 125 i, cDNA 0.2 1, 5 pmol/ul
primer pair mix 1 g0, 11.3 pl H:0E ¥
1, 50°C 2% 1 cycle, 95°C 10 &
(95°C 15%, 60°C 30%, 72°C 30%) 40
cycles, 72°C 10& 1 cycleZ2 ZZA1Z o
PCRS v}zl 3 tubeE AW ts, W%
N 5E ALE3}ed 3% agarose geloll A
PCR specificityS =43t} SDS 7,000
softwareE A}8-3}¢] real time PCR 4

Be EAsg

1 cycle,

3. BAE £4

Zy A3t gigk F94 HSS Student’s
ttestE o] &3FATE p<0.05 ¢ A F
o) 4ol Ytk BT

m. 234y

1. YMo] B16F10 Melanocyte®] Melanin
free vX= F3F
ML 300, 150 pg/mée] FE=oA Al

| =
ok H-ZE%+= melanin® S hE

ol wls) Z+zZE oF 25%, 16% (p<0.01)
A A A eH(Fig. 1).
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03|
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C YM300 YMI150 YM75 YM37

Fig. 1. Effects of YM on the release of
melanin from B16F10 melanoma cells.

Melanin were determined in the culture medium
after 72hrs incubation.

N(Normal) : Vehicle

C(Control) : a-MSH (10 pM)

YM300 : a-MSH (10 uMD) + 300 pe/ml of YM
YMI50 @ a-MSH (10 pM) + 150 pg/ml of YM
YM75 : a-MSH (10 upM) + 75 pg/ml of YM

YM37 : a-MSH (10 pM) + 37 pg/ml of YM

# . p<0.01 vs N

#x 1 p<0.01 vs C

Melanin Contents(0.D. 405nm)

2. YMe°] B16F10 Melanocyte2] Melanin
Ao MAe 9F

AEW &40 ZHE melanine %
3 A3 YML 300, 150 pg/mle] ==
Ae)g A9 melanin S xRl
w3 24z} 34%, 13% (p<0.01) JA =&
#E el ok (Fig. 2).

oL,

&

Ml

3. YMe°] Mushroom Tyrosinase &4
o "= I

YM-2 300, 150 pg/me] =2 743k &
A3k mushroom tyrosinase &< o
ol vls)] Z+zk <F 40%, 19% (p<0.01)
A3t Ak (Fig. 3).
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Fig. 2. Effects of YM on the production

of melanin in B16F10 melanoma cells.

Melanin were determined in the cell after

72hrs incubation.

N(Normal) : Vehicle

C(Control) : a-MSH (10 uM)

YM300 @ a-MSH (10 pM) + 300 pg/mé of YM

YMI50 @ a-MSH (10 pM) + 150 pg/mé of YM

YM7?5 © a-MSH (10 uM) + 75 pg/ml of YM

YM37 : a-MSH (10 uM) + 37 pg/ml of YM

#: p<0.01 vs N

#x 1 p<0.01 vs C

140 4
120 4

100 4 — .

80
e
60
404
20 T

T T T T
C YM300 Y50 YMTS Y37

Fig. 3. Effects of YM on mushroom
tyrosinase activity in vitro.

C(Control) : a-MSH (10 uM)

YM300 : 300 pg/mé of YM

YM150 : 150 pg/mé of YM

YM75 : 75 pg/ml of YM

YM37 : 37 pg/ml of YM

#x 1 p<0.01 vs C

Mushroom Tyrosinase Activity(%)

4. YM©] B16F10 Melanocyte®] Tyrosinase
Ao vA= I
YML 300, 150 pg/mle] F==2 713 &

(p<0.01) SA A H(Fig. 4).

140 4
120 4

100 4

o "

60 4

40 4

20 T T T T T
C Y300 YIS0 YMTS YWI3T

Fig. 4. Effects of YM on tyrosinase activity

in B16F10 melanoma cells.

C(Control) : a-MSH (10 pM)

YM300 : a-MSH (10 pM) + 300 pg/mé of YM

YMI50 @ a-MSH (10 uM) + 150 pg/ml of YM

YM75 : a-MSH (10 uM) + 75 pg/mé of YM

YM37 : a-MSH (10 uM) + 37 pg/mé of YM
#x 1 p<0.01 vs C

Cell Tyrosinase Activity(%)

5. YM©o] Tyrosinase T34 v &
Y

Tyrosinase= a-MSH (10 uM) A& A]
o] AFaatel Bls @A3s] F7hatd
o} YM-S 200, 100, 50, 25 pg/ml &=l
A F7heE A BESs izl vl a
Fo3HA (p<0.01) A 3R H(Fig. 5).

6. YMo] TRP-1 &@9d] vX= 9F

TRP-1-& a-MSH (10 pM) ] g]A] g
o] Aol vlsl] dA3] F7skA
YM-S 200, 100, 50 pg/ml F=NA 7}
&z Bds gizgtel Hlsl 93t
A (p<0.01) A& A HFig. 6).
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j

Relative mRNA Level of Tyrosinase

Fig. 5. Effects of YM on the expression
of tyrosinase in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 uM)

YM200 : a-MSH (10 pM) + 200 pg/mé of YM
YMI100 @ a-MSH (10 pM) + 100 pg/mé of YM
YM50 : a-MSH (10 pM) + 50 pg/ml of YM
YM25 : a-MSH (10 yM) + 25 pg/ml of YM
##  p<0.01 vs N

#x 1 p<0.01 vs C

N Tre-

T oon
d
= s
5 1 i .
T
3
-
<
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4
£
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2
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T
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0 T T T
N Cc Y200 YM100 YMED Y M25

Fig. 6. Effects of YM on the expression
of TRP-1 in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 puM)

YM200 : a-MSH (10 pM) + 200 pg/mé of YM
YMI100 : a-MSH (10 pM) + 100 pg/mé of YM
YM50 : a-MSH (10 uM) + 50 pg/ml of YM
YM25 : a-MSH (10 uM) + 25 pg/ml of YM
# : p<0.01 vs N

#x 1 p<0.01 vs C

7. YMeo] TRP-2 &3] X+ 93

TRP-2%& a-MSH (10 uM) X g]A] g
do] Aol vls] A3 F7hstA
YML 200, 100, 50 pg/ml F=lA 7}
g fFHAz FES gz vl fost
Al (p<0.01) FA AL (Fig. 7).

TRP-2
—————— _JouW

Relative mRNA Level of TRP-2

Fig. 7. Effects of YM on the expression
of TRP-2 in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 pM)

YM200 : a-MSH (10 pM) + 200 pg/ml of YM
YMI00 : a-MSH (10 uM) + 100 pzg/mé of YM
YM50 : a-MSH (10 pM) + 50 pg/ml of YM
YM25 : a-MSH (10 pM) + 25 pg/ml of YM
# : p<0.01 vs N

#x 1 p<0.01 vs C

8. YM©o] PKA 39 vX& JTF

PKAE o-MSH (10 uM) HgA] 23
o] Aol wlaEl #A3 FrtstATh
YM-S 200, 100, 50 pg/ml E=oNA 7}
3 FAA FHS 2o e F938
A (p<0.01) A3 A HFig. ).

9. YM©o] PKCB &dol vX& 9T

PKCBE a-MSH (10 uM) = gA] &
o] Aol vlsl] dA3] F7skA
YM-E 200, 100, 50 pg/mle] H% (p<0.01)
o} 25 pg/ml FE (p<0.05)A 713 H
Az BHS hxTol vl folstA o
A3t oH(Fig. 9).
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PKA
— o

Fig. 8. Effects of YM on the expression
of PKA in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 uM)

YM200 @ a-MSH (10 pM) + 200 pg/mé of YM
YMI100 @ a-MSH (10 pM) + 100 pg/mé of YM
YMS0 : a-MSH (10 yM) + 50 pg/ml of YM
YM25 : a-MSH (10 yM) + 25 pg/ml of YM

# . p<0.01 vs N
#x 1 p<0.01 vs C

Relative mRNA Level of PKA

Relative mRNA Level of PKCB

Fig. 9. Effects of YM on the expression
of PKCPB in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 puM)

YM200 : a-MSH (10 pM) + 200 pg/mé of YM
YMI100 : a-MSH (10 pM) + 100 pg/mé of YM
YM50 : a-MSH (10 pM) + 50 pg/ml of YM
YM25 : a-MSH (10 pM) + 25 pg/ml of YM

# . p<0.01 vs N
#x 1 p<0.01 vs C, *: p<0.05 vs C

10. YMo] ERK-1 &&dd uxE 9F
ERK-1& a-MSH (10 uM) g A] g

o] Aol nis) dA3] AT
YME 100, 50 pg/mle % (p<0.05)}t
25 pg/mle FE (p<O.0l)olA AT
FAZ BHS gzt vlE FosHA
<7 A HFig. 10).

T
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Fig. 10. Effects of YM on the expression
of ERK-1 in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 pM)

YM200 : a-MSH (10 uM) + 200 pg/ml of YM
YMI100 : a-MSH (10 uM) + 100 pg/ml of YM
YMS0 @ a-MSH (10 uM) + 50 pg/mé of YM
YM25 : a-MSH (10 uM) + 25 pg/mé of YM
# . p<0.01 vs N

=k 1 p<0.01 vs C, * p<0.05 vs C

11. YM¢] ERK-2 &3] u|X= 93

ERK-2= a-MSH (10 uM) A 2] A] &
o] Aol vis) dA3] AT
YM-E 200, 100, 50, 25 pg/ml =X
2% fAA GES gzt vlE f

osHAl (p<0.01) S7HA1F HH(Fig. 11).

12. YMo] AKT-1 &&dd "= 9%

AKT-12 o«-MSH (10 uM) A ] A] 4t
o] el ula] @A3s] FHAsHA T
YM< 200, 100, 50 pg/mb &%= (p<0.01)
9} 25 pg/ml FE (p<0.05)9 A a-MSH
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Fig. 11. Effects of YM on the expression
of ERK-2 in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 uM)

YM200 : a-MSH (10 pM) + 200 pg/mé of YM
YMI100 @ a-MSH (10 pM) + 100 pg/mé of YM
YM50 : a-MSH (10 uM) + 50 pg/ml of YM
YM25 : a-MSH (10 M) + 25 pg/ml of YM
#  p<0.01 vs N

#x 1 p<0.01 vs C

[ e e oe o BV
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#it

Relative mRNA Level of AKT-1

0
N C YM200 YM100 YMS0 YM25

Fig. 12. Effects of YM on the expression
of AKT-1 in B16F10 melanoma cells.
N(Normal) : Vehicle

C(Control) : a-MSH (10 uM)

YM200 : a-MSH (10 pM) + 200 pg/mé of YM
YMI100 : a-MSH (10 pM) + 100 pg/mé of YM
YM50 : a-MSH (10 pM) + 50 pg/ml of YM

YM25 : a-MSH (10 uM) + 25 pg/ml of YM
# : p<0.01 vs N
#x 1 p<0.01 vs C, * p<0.05 vs C

13. YM©o] MITF 2&@d] v 3= 93
MITF+ o-MSH (10 pM) *2]A] &
o] Aol vis) dA3] F7tst AT
YM-2 200, 100, 50 pg/ml &= (p<0.01)
9} 25 pg/ml FE (p<0.05)el A a-MSH
o 93] F7HE FHA HEES 2T
Hl3) frolatAl 7HaA FHthH(Fig. 13).

-~ IR MITF
[ = - e e s AU
##
N ,
T

Relative mRNA Level of MITF

'ning

] (‘: Y200 Y100 YMED YN‘I25
Fig. 13. Effects of YM on the expression
of MITF in B16F10 melanoma cells.
N(Normal) : Vehicle
C(Control) : a-MSH (10 pM)
YM200 : a-MSH (10 uM) + 200 pg/mé of YM
YMI100 : a-MSH (10 uM) + 100 pzg/mé of YM
YM50 : a-MSH (10 pM) + 50 pg/ml of YM
YM25 : a-MSH (10 uM) + 25 pg/ml of YM
# : p<0.01 vs N
#x 1 p<0.01 vs C, * p<0.05 vs C
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SEA

LH0| 0|x= FE

@ AhgEn,
AR BEZ.8) (/I SR )

Dol HzZ YE AWoR HLER
QI8 e XZsted AMgHo] ¢,

Fprelal Yo ME HiEE 13 /]
KRG, W R, PERTERENS X
gated 57 ARHT Ao Ea
o (M) Pl JeE Awew 4
BT, Rulre pAEO fiEkirste
F5o] Yo, EEER 1EIEE, o
BIAE, MRk, G 59 24 A
2O KBRS AN S
ABRHE A Ol kY, I,
Wb s I, WE, BT, KT
W, IS nd 2ot

ANURHEE G R AU T R

Aes AYRYA e EEH, kK

o

1%, AbEe ElEaim, keEeE,
S AT, BRI, LR
W, i, W, 4Rk, st = W,
Gikathe, WIH, ILE, A= BT,
WA G52, SHEke WS &R, Ak,
TR g, R, e, M, R,

WERe Wb, SRS, R
NHe mimfrR, Eibmshs &l
ATV, o]z Kol KBk FEA

TS BEEAENT, @REESIE R
EAH, BhgHez Qs dAdste 9
FAg a7 Us AR AZHE
ol AT &3t

B Ao e AR A AN
W7o M anE AgHor Qi
Z}, mouse melanoma cell¢l B16F10& ©]
43} melanin #2192} A4 2 tyrosinase
o] &4 mAe FFS S oH,
I ZAg71AE 9s] 7] 95k tyrosinase,

TRP-1, TRP-2, PKA, PKCB, ERK-1,

=13
=

ERK-2, AKT-1, MITF 59 3=
Aol vA e dFs BrEstAh
Melanocyteo] 4] melanin 2l =X
= FFS S5 At mhe-ZeA
A2 SAF o] AF 2l BI6F10 melanoma
£ ol&stdth Alx 540 gle
Q1 300, 150, 75, 37 wg/ml F=F YM=
2A12F A2t o AlE vl F=

TE

T+ melaning &A3sIF o, < 244
7t 35E melanine] AAFS dv|Fo=
B 4= 9ok

Melanine 2% ZE#223EH i
£ Wojdte 713 d3O Z melanocyte
A FA4=1” melanocyters A4
5o Aol os AAFAMEAA &
H] &= a-MSH (a-melanocyte stimulating
hormone) #& QAo o3 THEMAES
2771 A HE=d*, a-MSHE melanocyte
o] "l = MClel 2fste] cAMPE
SA43A1 712, o]AL THA] tyrosinase,
TRP-1, TRP-2 #3449 2dE F=3}
= MITFE 243AA dx=o= 4
el YL F7AAGE,

28 A7 B16F10 melanoma cell& a
-MSH (10 uM)E A&t H-5 A uj
FHo A FZE5H+= melanin®] Fo] FA
A S71skE e, YM-2 300, 150 pg/ml
9] FEoA ME el FE%<E melanin
o] & izl mls| 24z oF 25%, 16%
o} A 8t A v+ (Fig. 1).

M EH ] melanin AFAS A st=
3171 $18ke] YMS 7}t
e o, HiFE BI6F10

melanoma cell& PBSE A& ¥

datel Qe ALE HA.
Ssta oA A4ReT e

MIZY Ao ZHE melaning

8
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Aok A48 Ay YME 300, 150 pg/ml
9 =2 A3 Z$ melanin FAS
gizatell vl Zhz 34%, 13% A AsHA
}(Fig. 2).

Melanin $4J-> melanosome ol &
A3t= tyrosinasezt= enzymeol| 2]3|
Al ZE o A= A F ol Fo]Hl &4
k3-8 53] o]Fo]Xt}. o] tyrosinase=
L—tyrosine% A3 Al A L-DOPAS W=
tyrosme hydroxylase® Z+-&3}™ &

DOPA (3,4-dihydroxy phenylalanine)
= /\1@}/\]74 DOPAquinones ¥F=+ DOPA
oxidaseZ Z-8-3}4 melaning ¥4 3t=
2% 542 494 AD. bk YM
°] melanin §4<S A= RS &<
3hal, tyrosinase &/ PX= FFS
B 7}a7] 98k mushroom® tyrosinase
2 A= S S8k Mushroom
tyrosinase®] A& A+ tyrosinase 4%
9 TFEjol9] FHHsle] HAToEH
tyrosinase®| 4hs}, SAAAH S =4

4= 9)7] W&, mushroom® tyrosinase

Im o

Z o] &3t A B tyrosinase EA A
AL FFEu A Ao oA
&3 Uk Frpgew A= Ay
Ad Az YMES 300, 150 pg/mle] 5%
2 7}8k 3 =43 mushroom tyrosinase
ggs dizae vsl 4z oF 40%,
19% <} A8 A th(Fig. 3).

Melanocyteol] A 9] melanin® 43 3l=
HAgE& AZ 9F A UV, a-MSH,
TGFbeta®} Z+% cytokineo] 8] %2
At wex ofEo] AAE AT A
9] tyrosinase %}/‘qg Xﬁﬂﬂ S
A& -147}0}7: % Aol &
M2 300, 150 ug/ml
ks

—f— 43+ melanocyte2]

n 3] z+zt

tyrosinase 42 Wzl 7} 2}

30%, 19% <Al sAtH(Fig. 4).
E AFo = YMo] melanin A4 ol
HAste FRAAEY v A= 9FS
7Vele 43O 2 tyrosinased W3] ul
A= 932 RT-PCR % real time PCR
systeme ©]-&3to] Hr1eidoh A3 2
i}, Tyrosinasee a-MSH (10 uM) #] &
Al d@o] Hatol Hls @R8] St
Aok YM-2 200, 100, 50, 25 pg/ml &%=
oA F7Fet FHA FEE 2Tt H
3 frojstAl A AlstATHFig. 5).
TRP-1& tyrosinase related protein®
2 4A e @ dz A TRP-29 ¢
3] AA=® DHICA (5,6-dihydroxyindole
-2-carboxylic acid)E oxidation A]# IQCA
(indole-2-carboxylic acid)& A A3st=d],
IQCAE 324 Yehiob™Y, uaba
YMo| melanin Aol #AstE A=A
o v FEFS Hrtste d¥o=
TRP-1, TRP-29] @&o] vx& G2

r

RT-PCR ¥ real time PCR system<
o] &3l HrlstAY. 48 A3, TRP-1

2 o-MSH (10 uM) HgA] 2do] A
Ao vlEl A ZUMslET. YM
200, 100, 50 pg/ml FZolX F713F £
AL BES gzl vls] FsA o
A3t A cHFig. 6). =3, TRP-2& a-MSH
(10 uM) A=A HL@O] ’q”‘_r“’ﬂ H] 3l
#4435 =71519 2200, 100, 50
pg/ml & o A %7}5‘} vdx} ddas o
Z7t) Blal oAl A st A th(Fig. 7).

Melanocyte”} €3 3} 5] o] melanogenesis
7} X3 E w, adenylate cyclase?] A
o] Z78H cAMP wx7} F713hh
PKA+= cAMP 97 protein kinase®
A A 5o gA4s 2-3, AE F
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uM) A Al o] GAtol] Hls A
3] S7FslA Y. YM-2 200, 100, 50 pg/m
TEAA FUhe FRA HEE 2T
o Blaf FoJsiAl As A tHFig. 8).
PKCB<+= protein kinase C9] B-isoform
S F tyrosinase?] cytoplasmic domain
of x5 o] A= 2709 serine residue
F7NE QAo zan  AyHoe=m
tyrosinaseE &4 3}A| A melanin A4S
QA0 ks PRCBel 4ol
Z7}8bH  melanocyted] 71%°] Z7}13
th 43 A3 PKCBE a-MSH (10 uM)
A2 A ddEo] el vla| A8 F
7Fetd Y. YM2 200, 100, 50, 25 wg/mé
o] FEoAN F7HH FHA HHAS tx
ol vl foetA AAleATHFig. 9).
ERK+<= extracellular regulated kinase®
dHA e AMEY AsHdEGandz
AR rds 25 AR gEA e
w ERKY &4<& MITF (Microphthalmia
—associated transcription factor)®] <14k
s}o} 1o M= degradationS =
3] melanin FAL Ao ZH
melanin F4o F83 24 4TS ¢
g A AgPP whEbq ERK-,
ERK-29] @rdo] F7hstd Aa Ao
AAE 4 Atk YMo] A 3
3

A AR WA

O

)
e
I o

6(‘)]:

o

N

—_
Of

-

© 2 ERK-1, ERK-2¢] &
WX 9SS Frietdn. A4 A,
ERK-1& o-MSH (10 pM) A &3
o Aol wl] dAA3F| AFHAT
YML 100, 50, 25 pg/mle] F=olA 7t
2% A BES gz vE] f9
A F7HAZtHFig. 10). ERK-2& «a
-MSH (10 uM) A Al ddo] A
of wls #AS FHASATH YM2 200,
100, 50, 25 pg/ml FEoNA A3 A
A HES gzl s Fo3tA St
A A tHFig. 11).

AEY Asdgeigde] dFl AKT
£ ERK, CREB, RSK-15% &7 A=
5% 2dse Asdg duds
1Y S zdee AR 2EA
t}. AKTY wdo] =7}sd MITF
(microphthalmia transcription factor)2]
g o] A F o] tyrosinase AL A
S, Tyrosinase®] &A1= melanin
A AARE AT F doh wEA,
AKT-19] w&o] Z7}eld A Aol
AgAE £ Ao B AFH= YMI}

—

T L
FAA BHE 2HsE A4 v A=
QS Hrldle dsto g AKT-19
ol mR= 9T Hrisido. Ag
A7, AKT-12 o-MSH (10 pM) A g
Al Wt o] Hodtol vlE] A3 FAas)

Aok YM2 200, 100, 50, 25 pg/ml &%
ol a-MSHel| o8 #H4g Fdx &
ds ol vlis) FosiAl S7HAIA
HFig. 12).

MITF+ microphthalmia transcription
factor24 o2 o]F3e] DNAQ
tyrosinase, TRP-1, TRP-2¢] promotoer
o AFstel A47e] fA4 WAL F7}

Al#A melanogenesisE FE3 0 182
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2 MITFe] A= tyrosinase 2 TRP-1,
TRP-29] W3 A S E35l melanin A
2 RS AT F JdorE ARFo
Z melanin A0 AL 5 A o}
2hA] MITFO] 3o] A=W A4 A
dol dAE & Aok B AFdA = YM
A2 ddEs 2dste QA vl
FFe Htete d¥oE MITFS

nxle dFS Frhstaoh 49
T a-MSH (10 pM) A 2] Al
Aol Hls) @A 8] F7HekA
YM-2 200, 100, 50, 25 ug/ml & =l
Al a-MSHel 93] F7td Fx2 &3
= dxwdd H& fFoeA FAAIAT

o

=

o

0o M g e
2 e
=
—
|

oldel AdE FHIE, Ak
Cl 52 melanin 4
o BAslE Fho FA L FAR

5 ouaAE ety 9 AT
S8 RWHE G R AR (YM)
&5 ©]-83 melanin /3 w]A
=33 H Tl T3 melanin A
tyrosinased] &3 #H

gk A+ Fske] ofhet

1. YM B16F10 melanoma cell 2] melanin
el 2 AAEE YA A AT

2. YM2 tyrosinase 84 in vitro?} BI6F10
melanoma cell F=FAA Fo3HA <
A3k At

3. YM2 B16F10 melanoma cellol A a
-MSHol| ¢]& #7}%+= tyrosinase %
TRP-1, TRP-2¢] 24 @8 &
oJstA A A st HA ot

4. YME& B16F10 melanoma cellllA] a
-MSH¢l| 9J3 &7}5= PKA, PKCB
of FrHA LdHE FostAl JAEA
}.

5. YM2 BI16F10 melanoma cellol A a
-MSHel oJaf A= FHA =24
215791291 ERK-1, ERK-2, AKT-1
o HHAS Fo3tA F7HAIATH

6. YM B16F10 melanoma cellol A a
-MSHell ¢jsf F7tE= MITFS] &
s oA AAsHAT
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