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Q 9oF: E 3= BI16F10 melanoma A|EoA ATE7] 9 2ZE(Rubus crataefifolius Leaf Extract,
RCLE)9] Watd A4 oA &35 SRlotaat &=t} o ~-MSHZ ZF=3t B16F10 melanoma A ZEof]
A Hahd =T tyrosinase 29, Habd AAATE G459 TRP-1, TRP-2 9 MITFQ] ©fd oy 4~
T AR olof tit RCLES] &35 AEottt. RCLE: tyrosinase /87 detd 442 &t
Aoz AAetg Wahd A A2 ot PKASF CREBO] ¢l4tstel MITF] whalg olA|5tgoH
depd 4 o Ao HAS ofgF 2Askgn) o]#et 2= RCLEZF MITF 2d-S dAIsto o
-MSHZ 2=4 dapd 32 oAdtE AS Hojso) uatA o|fe A4 43= RCLEZL #t=dt &
gd Agoz Qg Ma g S £ e 7154 R AR &8 5 USS AR

Fxo] o dald Y (7] @ -MSH, tyrosinase, MITF

Abstract : In this study, we investigated the melanogenesis inhibitory effects of Rubus crataefitolius
Leaf Extract (RCLE) in B16F10 melanoma cells. We examined the effects of RCLE on the melanin
contents and tyrosinase activity, as well as the protein expression levels of the melanogenic enzymes
TRP-1, TRP-2, and MITF in «-MSH -stimulated B16F10 melanoma cells. RCLE effectively
inhibited tyrosinase activity and melanogenesis, suppressed the phosphorylation of PKA and CREB,
and expression of MIT involved in the melanogenesis pathway, and down-regulated expression of
melanogenesis related proteins. These result suggest that RCLE inhibited @ -MSH-stimulated melanin
synthesis by suppressing MITF expression. Therefore, our study suggests that RCLE has potential as a
safe treatment for excessive pigmentation or as a natural ingredient in cosmetics.
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g 27004 Hebd AL UV
O 2HE DNASH mHg HEsk=
C ey ARk dWehd A A
HA o), =2, AWA, o SAF
< oFet oF Aes fEgoHllL

o727b 2l Fol kEEW debd Alaze}
7t AlEE a-melanocyte stimulating hormone
(a-MSH)E ZH[sto] "etd At B=5 =
ARH2]. «-MSHE AlZ zEHS MCIR
(melanocortin—1 receptor)o]] Zgsto] adenylate
cyclaseE B4 cAMPY Al U &
S7HAAI debd AlEZO] cAMP f<E0] F7HE
of wet dWephd Aol fojste whElE o] gLt

€ £A31= cAMP response element—binding

i)
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i)
o
| L Lo o

protein (CREB) ¥ mitogen—activated protein
kinase (MAPK) 413 Ag #H=rt &3t
o] 2d3stEl CREB ¥ ERK 45 MY A2+
microphthalmia—associated transcription factor
MITRH®]  #Hdes AT ZHstal  o]ofA]
tyrosinase related protein-1 (TRP-1), TRP-2
9 tyrosinase?] WIS EFsith MITF=
tyrosinase =82 fIeF AL QIxfo]r Hahd Al
Fxo] A Bl 9 Q= - xglsle] wHat
d @’%‘J quoﬂ A ggs ARt o] o
22 TRP-1, TRP-2 ¥ tyrosinase® Z33t 3
7‘%% ZAsto] Hepd S =4S &
9F ofye}t MlEF7] XY - Folditt
UV AR 22 oF 2= o8 op7|=&
«-MSH-MCIR Zge F2 wahd AzeA
CREB ¥ ERK 43 Hd AH=RE ZAstoto
MITF, TRP-1, TRP-2 ¥ tyrosinase TZ9]
TdS S7HA debd AdE SXSH3] o
2hA o] Aol oAl Hehd AlzeoA Hehd
S A & 4 e F83 BH ol

A= 71 (Rubus crataefifolius) = gt
(Rosaceae)oll &3t = 2R=H|P(red
raspberry) 2 &4 ot F=, &, = 9
gAjop 2ol ] Aehs ghxH|e] Foloh
[4]. A= ATE7] LS o (enuresis),
2l(asthma) 59 A=eol AESIYh E5] F=
Ae Fute]la WA A (cheumatic arthritis), 7+
9 (hepatitis) ¥ ML (lung cancer)d} 22 Tkt
Ao Ago AHEEAUHS]. vt AE B
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gof FHLASHA AFEEAT6] o] Aol
A7) dufjo] FEE0A ETdE dRtE, A
SHA, HER wuES Zdbol= ofe e &
4 Edo] EREe] Jva BiEo] g1, Ed]
A7) Gujoll A= flavonoid, tannin, stillenoid,

=]

phenolic acid, lignan, triterpene, sterol &2 &
dso] FREo Se AR U Ed
UVB Lgof 9t FAf of mdofa] dujo]
et FEE°] HE JIPt oty HeHth
[7] o2 Ao g7 9 A ujgF =&

EoA 48} AEHARRE NEZE HT T &

IS TRy A e
HEH 4 o AUTEA Aol Bolsis §
el WA HET F o ) TR
STt Aol YeICHEL Jeln A9ATE B
st Ag7) o FEECA F l o] g
tannic acid® BEEFEZA=Z o]—ofi A5tk j_

A}, Ag7] o FEECA B2 %—:-_L— =9 3
= Zeloklrh. E9HE2 debd Ao of 1‘
of FAAgo] Qlrk= Zlo] &¥A U9l st
ARk op27tA] Abg7] o FEFo] o] Het
d el miAe gl digh A4t BiEF|
23t
2 dAFoflM= 4R d FEEC detd &
2 1 713 gsl7] §
Ak °olE $Iste] BI6F10
melanoma M|ZE ©]-85t tyrosinase 24 A
a5, detd M oA 9 dFE AN
dapd A AT AAl mAe F c}%
gotazt skl olet AvEe Argr] ¢
29 HddE A 7158 HEE 2AlEAe
=23 ZAE AN 5 A Aor AlmHrh

B 4y

2, 88
AR HZE
i Aol o4t gy e HE mFoA
Tt A2@4TC) Adstel olgstd. d%
FEE2 AR FF9 10810 FHSE Hrlsto]
Aol A 2447t wieto] % m, 1% 4%
a7 WAL Btk 5U9 Wyl 33

HlEle] 2Zs519ct =& % o]7}2](Whatman
No.2)E ol&st] A7t & Hes=7](Rotary
Vacuum Evaporato N—lOO, EYELA, Tokyo,
Japan)2 FF3t] FZEAXRSIAT. O & Y54
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oA BpstEA Aol AHgstect

2.2, M= H{Q¥

B16F10 melanoma A|ZE ATCC (Manassa,
VA, USA)IA st Aol AREst
B16F10 melanoma AZE 10% fetal bovine
serum (FBS, HyClone, USA), 1% penicilline/
streptomycin ~ (HyClone, USA)E  H7}gt
Dulbecco's Modified Eagle Medium (DMEM,
HyCone, USA) ¥iz]& AR&ste] 37C, 5% CO,
Z719] wiF7I(INCO, Memmert, Germany)©fl 4]
vjeFstadct. depbd A4S fotr] fste] 200
nM e -MSH=Z 297+ A=skglth

23 M=z =4 =4

B16F10 melanoma AZE 96-well plate]
5%10* cells/well2 B=3st1 37°C, 5% COA]
24A2k &<t WSt 24417t &, RCLEE &
TH(, 5, 10, 50, 100, 500, 1,000 xg/mL)ZE
A2gt & oA 37° C, 5% CO°IA 24X &
ot wjerstalth. wijeF & CellTiter 96° AQueous
One Solution Cell Proliferation assay kit
(Promega, USA)E Al&sto] Al &S =7F
StTE 96-well plate®] AQueous One Solution
S 20 pL A EFst 37C, 5% CO0lA 44
FHESAIZL &, 490 nmoflA SEEE S5

=

.—V#

2.4, At MY Axs &3

Az dellA wepd g AAlss S35
9l3te] B16F10 melanoma AZEE 6-well plate
o 1 x 10° cells/well® ZFzt BEF8lo] 24A|7F
¢ Ul &, RCLEE 5% H= Agsto] 484]
b s}t ekt vkt = 1 N NaOH 450
pLE AFste] 60TolA 1A3E ¢ WH-gAIA
HAebdS ¢Hds] oAl &, 490 nmelA S

£ =459,

2.5, Tyrosinase & x| &3

datd gg AdAE SHst] flste] "Ed
Ao "R tyrosinasel] A oA avE &
o5ttt 96—well plateo] 0.1 M 14+ ¢H&of
(phosphate buffer, pH 6.5)°] S=E& 3]4%
RCLE 170 gLt 1,000 U/mL mushroom
tyrosinase 10 #L, 1.5 mM L-tyrosine 20 xL

E 21 37ColA 10% 7 ¥-3A171 & 490 nm
oA FFEE Aottt AE WollA] tyrosinase
o] &4 =457 {9l BI6F10 melanoma Al
22 6-well platec] 1 X 10%ells/well2 B335}
o 24Xt ¥t & RCLES =¥z Ao}
gt 1 ¥ o-MSH 200 nM-& AH2]ste] 484]
7 EQH MRt o= PBSE & W AAER %
1% Triton X-1002}+ 2 mM phenylmethylsulfo-
nyl fluoride (PMSF, Sigma, USA)7} H7Fd 0.1
M 4t €59 500 xLE ¥ar 37CelA 14
7r Bt wjekstch ¥-EE-S 15,000 rpm, 4T
oA 30& et PR &, &FH 300 p«L
o] 1.5 mM L-tyrosine 300 x#LE Hd7}ste] 14]
7k B}t 37ColA §hget &, 490 mmollA &%
5 S35tk

2.6, HolLl AHM T3] CHEHX] dis b

o O==E = S
B16F10 A& oA tyrosinase, TRP-1,
TRP-2, PKA, CREB, MITF, ERK, p-ERK,
JNK, p-JNK, p38, p—p389 HAUSFE western
blot analysis2 2FQI5}4tt. BI6F10 melanoma
HEZZ 6-well plateo]] 1x 10° cells/well2 ZFz}
woto] 2447 HiFSElek. o -MSH (200
nM)?F RCLEE A3t th3 48A1%F viet &
PBSE 2% AHstlth. AliZE RIPA (radioi-
mmunoprecipitation assay) buffer (25 mM
Tris—-HCL, pH 7.4, 150 mM NaCl, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% SDS, 2
mM EDTA, protease inhibitor mixture)ell =<1
%, 14,000 rpmollA A4lEE st AFSATtS
T o Assto] WES ZAISHACH 7
ME-& SDS-polyacrylamide gelsoll 4 &
%, PVDF membrane® 2 ThilA-S £71
Zh o] gt 13 A9t §ESAIZIEr §E
%, HRP(horseradish peroxidase)7t A%d 2
2} A9 H¥RSA|Zl the  chemiluminescence
substrate kit® TR HA oFAFS SRISHATE

I
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2.7. SAXz=|

RE A2 33 §hEste] sty dite
SPSS 18.0 (SPSS Inc., USA)e2 EAsl¥th &
At G4 AEL one-way ANOVA testS
0] 8531, p=0.0514 Dunnett ThEAZHo]
o5} EA5Ht.
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3. #nt ¥ nE
3.1, M=E=EY
A7 o] Z2Z&E0] B16F10 melanoma A 9]
AEE HA= FFE Felst] flste] s
(5, 10, 50, 100, 500, 1000 pg/mL)= =]t
th2 proliferation kitg AHgste] A AEES
SAstyrt. Ag7] o FE& 1000 pg/mL=
Aeotes o, Al AFEEo] 83+27%E A
/o] SRIETHFig. 1A). o] A& Hgo=m
Fo A" AE2 5o gle wE< 100,
300, 500 ug/mLez ZPstct,

3.2, HWatl MM AN
B 84, cytokine, 2R Fo] LEHW

o & £Aste Wabd Alxrp datd 44
2HE AAdste] "Hetde gt @
Ao2RE mE ANZE HIsHE o 4%t
e Sttt Ty LMol gt Fpest Wat
AL 71n), FA4 2 AR Z
2 g=A Slrt10l.

kA B Ao RCLEY #Hahd AJAlo
s G2 FelsH]
melanoma A|ZoA Wapde] A4S =45
t}. 1 A3}, RCLEQ] daphd Aol dist A3
It sk oEHoZ UehdE RISkt
(Fig. 1B).
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Hepd Alazof A A Ee debd Ma
gZds Fooll Soles ALAE
St WAz RE wEE HOSH

< A o57E UVel =E=d 2
Mzet ZAd AEZ= o -MSHE #H]std]
AEE EXAY. M «a
-MSHE= MCIRe| Agstal o= ©@A 9 A%
E AYsto] adenylate cyclase® E4J3lote]
cAMP &g F7HIZITh F7H cAMP+= PKA
9 CREBE <l4iteste] MITFS] Iéd-& F7HA|
ZITH11].

2 ATE ot 4hET] o FEEo] Hed
A Al aarh d&el FRIESITh o] &
Zd A4 E AZEAEE FRIsk] {5t
o] A9& XPsiaict.
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3.3. tyrosinase A x|

Tyrosinase= Hahd S 24Est= Fac
S Pt Tyrosinase?] TS JAlstE
A B2 mE SPgEel AREEI QleH12].
Tyrosinaser= @ahbd ABASY &% AlgHrate
limiting) &A= tyrosine®] L-DOPA (L-3,4-
dihydroxyphenylalanine)®  hydroxylation® 1,
tyrosinase®] 2Js] DOPAZF DOPAquinoneS 2
F7t 4tetEl= AS Fufiste] dHepd A& =

Baher] 3349 JBe A3,
120
- 1l 7
Eg w0
== .
=
=2 804 T
£3
g3 T
= T
ﬁ é 604
40 T T T T
- 100 300 500
RCLE (ng/mL)

Fig. 1. The effect of RCLE on cell viability and melanin biosynthesis in B16F10 melanoma cells.
(A) Effect of RCLE on cell vialbility of BI6F10 melanoma cell. After incubation of B16F10
melanoma cells with various concentration of the extract in a 96—well plate for 24 h, cell
viability was measured by MTT assay. (B) 16F10 melanoma cells were cultured with «
-MSH (200nM) with or without RCLE. Data are mean*S.E.M of three independent
experiments. Values are significantly different by ANOVA test ('p < 0.05).
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2 AFoM= AT o FEEC 9%
tyrosinase A} Z4HE  SAHSH] It
mushroom tyrosinase®] gt L- tyrosineﬂ] s}
HEg Zqolelct 1 A Aw) 9 FEEo
oJ5to] tyrosinase?] Aol Fk oJEHOT T
A5 ckFig. 24). 183 AlE Yo EA5h=
tyrosinase®] /o] Higt As] aE FQlsh]
A5}y B16F10 melanoma A|Eof Atz o =
EE2 LR AL &, «-MSH (200 nM)
7t Z7be wizjell A 48A1%F wiSkskATE. 1 Axt
a-MSH®| 93l 57HH tyrosinase &/do] Ahg
A FEE0 Yot} Tk oJEAH o= A
AL &5t rHFig. 2B). B AFoA Abg
FEE0] Wahd A4 g4 tyrosinase
Alstod HzZbd BdS FaAlrle AL
o A )

HO,

5190 o
= -
BRIl ol Arg7] o FEE°]
=

2 Hojzdh

— v =

7hs

=12

bR o N N
ox

—>:‘nm:

15
28

O.u

r1r

2~ o]
TR

3.4. PKA, CREB, MITF &3 x|

L ZHAA|EA o -MSHS| EHE 2231
t}. o -MSHE dapbd AlxefA MCIRe| &gt
sto] cAMP 44T PKA 482 gozItH12].
PKA A5 =2 dapd Ay #Ho] it
PKAE A2 W cAMPE] Aol sl &4st 2
= 9lom CREBe] &A4stS 3] MITF A}

A4S FE5H tyrosinase, TRP-1 @ TRP-2
A

£ 1204

=

T w04 T

g0 -

s 8

R ol

22 40

g

El 20

g

=

l 100 300 500

RCLE (pg/mL)

Az HAS doInH13]. & Ao 4t
=@7] o FZEo] B16F10 m lanoma A Yof
Al PKA Aol mA= G =Rlshr] fIsteq
western blot analysisg 35ttt o« -MSHe]
o5l S7He PKA &4o] 4tg~r] & —ir%%oﬂ 9
o HAaHES FRlstit(Fig. 3).

a-MSHZ Z=% MCIRE cAMP-PKA 7
2E Fot] CREBS 2A33trt. CREBS Het
d Aol 8 AARIARI MITFE A=ste] &
ghd A 49 tyrosinase, TRP-1 @ TRP-2
HES fEgtH14]. & Aol CREBC]
Qitet 2 AT o FEES ARFCEHN
o ozHor ZA4EQrhFig. 3).

MITF= H2hd Alze] AE, 54 ¢4 23k
ZAsHs E2 HAF At 43 MY HR=E
TEE detd 4 24 UEYTY F4 5lH
ogghe Q151 MITFE djoz  o]Fs}o]

09‘:'
ol

Lo

C

tyrosinase & TRP Z 2 E|d]| Agsto] Zt 54
Zho] g 7RI o] WS TSl At
= tyrosinase, TRP-1, TRP-2 59| 4= t®
2l dehd b Tl aaoltill]. Argr] ¢
FZE YA MITF Tdo] frad-g &lst
AckFig 3. webq 4w 9 2EE] ofe
Wehd g4 sih 9 ek 849 oAl PKA
¢} CREB <14t} @ MITF 'Ide] Ao <sf
A ek g 4 9)
b 1407
ZE 120- -
S5 100 o *
EE 801 *
PER
E 204
O“ 0 T T T T T
RCLE (ug/ml) 0 0 100 300 500
oMSH - T + ¥ +

Fig. 2. Inhibitory effect of RCLE against mushroom tyrosinase activity and cellular tyrosinase activity.
(A) Mushroom tyrosinase activity was measured by the change in absorption at 490 nm after
incubation with various concentration of RCLE. (B) Cellular tyrosinase activity was inhibited by
co—incubation of RCLE with «-MSH. Data are mean*S.EM of three independent
experiments. Values are significantly different by ANOVA test (‘'p < 0.05).

- 887 -



RCME (pg/mL)

Con 0 100 300 500

- . s . + oMSH
PKA
p-PKA —_——
CREB |=—— =—— =—— = —
p-CREB T A —
MITF . — — —
f-actin | - CED CE CE

Fig. 3. The effect of RCLE on @ ~MSH-induced
expression of p—-PKA, p—CREM and
MITF in BI16F10 melanoma cells.
Western blot analysis of cellular proteins
in B16F10 melanoma cells.

3.5. Tyrosinase, TRP-1, TRP-2 W& XX

MITFE &2 XS5 & tyrosinase, TRP-1 ¥
TRP-29] M-box Agel Adot= A=z et
Hoh MITFZF M-box Ao Aggte=zi
tyrosinase F-AAEo] HAHATH16]. Zf-FolA
Watd WAL tyrosinase, TRP-1 ¥ TRP-29]
Al 7HA] Javol o) A 2EHETH13]. TRP-1
4 TRP-2+ HWat-E(melanosome) ol ZAA L
g ol FF o2 2F85He] tyrosinased]
e 28T 4 o TRP-12 58AE 34
At QPP 24 tyrosinased] F/doll ¥
Xz Aoz HuEe] gl TRP-2&= Wt
A AZA tyrosinase®] ofll THAOA
dopachrome tautomerase® 2Hg5H}17]. 2 A
TFollA= MITFO] gt o] x4 W=
tyrosinase, TRP-1 @ TRP-29] ©did HdS
gRlstct. I Ay 4g7] o FEE] 9oty
tyrosinase, TRP=1 % TRP-29] Thid Hrdo]
HAaEE A5t HFig. 4). 2= AE7] o =
=0 9g "Hahd A A= PKA-CREB-
ITF A2 AR st tyrosinase?} 19t T
H i wdol A7 yehtE oz 29l
=t

T o O ik r|r
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RCME (ug/mL)

Con 0 100 300 500

Tyrosinase ‘ N — — ‘
TRP 1 ‘ — — — ._w__‘
TRP-2 ‘ _—— —--‘
pB-actin ‘ ‘

Fig. 4. The effect of RCLE on a« -MSH-induced
expression of tyrosinase, TRP-1 and
TRP-2 in BI6F10 melanoma cells.
Western blot analysis of cellular proteins
in B16F10 melanoma cells.

3.6. MAPKs M =&

Extracellular signal-regulated kinase (ERK),
c—Jun N-terminal kinase (JNK) ¥ p38=2 +4
H MAPK (mitogen—activated protein kinase)
fdels MITF 23 24S Sof "Wapd Aol
AgE]o] ek delA ATH18].

2 dFoflMe dehd oA AtET] o F
Z59 MAPK Z=of dizt &4 ¥sl7] flst
o Age PsHAt. B16F10 melanoma A3
|4 ERK®] QI48H= o -MSHO] A= <ot
of Zastla ol 4ME7] 4 FEEC 9ot
Z7totdct. HhHol JNKeF p389] 4itel= «
~MSHS] 23] ofste] S71siel3 ol 4]
A FE=°l osto] Fastrt(Fig. 5).

ol Ao 9JstH, ERKE| Q14ts} Frte
Ztd &S JAISk= tyrosinase A3 MITFE]
AAE AaA71aL, INK 3 p389] fgad <F
Sh= MITFS] Hde oA dad B4de <
ARtcta o= QIoH19]. wEhA MAPK 4l
T A ARe depd A 284S 917 A=
xHo] & 4 gt p38 ¥ NKE MITFE ¢!
Aststel £ &7 Aol tigh vhgom A
S 24 mEbA] p38 9 INK Ql4He)
oAl MITF Hd FAE Fof Hetd A8
AAgtt, thixdoz2, ERK <Ql4tste] &A3t=
depd A4S AIFTh ERKS] M4 MITF
9] serine 73& <IAFSlSHY] ubiquitin—dependent
proteasome FE2E Fd MITF E3|& kot
tyrosinase®] AALS AA|IFtH= Aol dEZTh

<

o

H
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[12]. 2 dAFolA 4Hg7] o F5E°] MAPKS
Jo AT 4+ USE st o] #g2
ERK9] €45 F7MA171= ¥t JNKe p389]
FaNdoegA Yehtbes Zo= o3t
MAPK Z=2o] 4=z <lste] wahd A4S o

ERK

p-ERK

JNK | o o o o o

p-INK | =
p_p38 TR T— e—— e——

Fig. 5. The effect of RCLE on @ ~MSH-induced
expression of MAPKs in BI16F10
melanoma cells. Western blot analysis of
cellular proteins in B16F10 melanoma
cells.

S M 2AE @7ET
FEBS Gaslel Bge
of Selsglet. shAa
[e)

R
el
N
Ir
a
oS
=
2\
olr
o
N

[e]
ol ot AtE
dapd AgAgeoAe] & &3
A B dAqs A o FEE9 "Wehd A4
of mAE JFE YotHr] s, BI16F40
melanoma Ao o -MSH= A=3F of-2, AHg
71 4 FEE2 AYcty dWapd A3 #EE
PKA, CREB, MITFo] 248 Z4slict. E3t
AT HE BEZQl tyrosinase. TRP-1/2, MAPKs
o] IdS S5t
2 d4E Fol, A7l 4 FEE©] BI6F40
melanoma AlZoA Wehd A4S A5k, o]
+ PKA/CREB/MITF A=ZE AdlIste] tyrosinase
242 AAIste] Hapde] A4S JAlstE AL

2 SRIHAT o9 Ay AEY] o FE=
o] Wahd A4 oA a¥E 71 S Ko
FH, 53], MITF 42& °Ask= 73S 4%
Ack= Aol SJo7t o B, AT o &
=°] 71574 n sFE AdEA g8 5 9l
© b 2AE AASEHAL Abm
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