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ABSTRACT

7, 8-dimethoxycoumarin (DMC, Cy;1H1004), a natural coumarin compound, is
present in Citrus plants including Citrus decumana and grapefruit. According
to previous studies have shown a protective effect against Cisplatin (CP) and
ischemia-reperfusion (I/R) damage in rat kidneys. However, the mechanism of
its inhibitory effects on skin inflammation in the human keratinocyte HaCaT
cell and also underlying mechanisms of melanin production in B16F10
melanoma cells have not yet been investigated. In this study, the HaCaT and
B16F10 cells were treated with various concentrations of DMC respectively to
observe its effects. We investigated the inhibitory effects of DMC on the
expression of pro-inflammatory cytokines and chemokines in TNF-a treated
HaCaT cells. We found that pretreatment with DMC inhibited TNF-a-induced
cytokines (Interleukin 6; IL-6) and chemokines (Interleukin 8; IL-8 and
monocyte chemoattractant protein—1;, MCP-1). In addition, DMC significantly
inhibited TNF-a-induced NF-kB activation and phosphorylation of MAPKS,
such as c-Jun N-terminal kinases (JNK) and extracellular-signal-regulated
kinase (ERK). We also found that the results showed that DMC significantly
increased melanin contents and tyrosinase activity without being cytotoxic in
B16F10 cells. In addition, DMC stimulated the expressions of tyrosinase,
tyrosinase-related protein-1 (TRP-1), tyrosinase-related protein-2 (TRP-2),
and microphthalmia—associated transcription factor (MITF) thereby activating
melanin production. Furthermore, to test the potential application for DMC as
a cosmetic material, we also performed a primary skin irritation test on
human skin. In this assay, DMC did not induce any adverse reactions at the
treatment dose. Based on these results, we suggest that DMC may be
considered a potential candidate for a therapeutic drug for the treatment of
skin inflammatory diseases and anti—gray hair applications.
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APl A5 AlE oA FQ3s dudoly o2 Al (Macrophage), B-
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o, AZtAG AR, Fulels BAd 2 olEd, A4 B wAAZE Ao WA
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dR= Al 7EA T gl #9], Ay 2 dsE Ao AN ols 2,
Aol Bl el shehAl EdoRFH Al
(1] 9% x99 7]
(Melanocytes), @A 2gk2=Al 3 (Langerhans cell), ™ 2724 3 (Merkel cell) &
2 olFojx glnh [7] AEIAAES] Fo Ve Wl i FHE AY
e Aotk #lo] dSHks W&y ddste] HAdAZE x99 dss dEed

ZYAHAAMEE Tumor necrosis factor (TNF-a), Interleukin—-6 (IL-6)

2

Zo= Z+A YA A FE(Keratinocytes), Habd A 3E

Interleukin-8 (IL-8) % Monocyte chemoattractant protein-1 (CCL2/MCP-1)%}
2E TR Aol ETRQD B ARIGIS At IR dEusel Tast 9%
= gt [8-12]

oldATFo w2, TNF-a =+ Interferon-y (IFN-y)oll 23] wj7jE <17+z2
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Figure 1. The mechanism of pro-inflammatory cytokines/chemokines in

TNF-a-induced HaCaT cells.
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F2 W dAA g4 Tyrosinase, Tyrosinase-related protein 1
(TRP-1) % Tyrosinase-related protein-2 (TRP-2)°l 2|3 A ¥t}
Tyrosinaset™ 7d=Z9 7] GAdA dehd A gAY ol S Astasr
2A F23 98-S v} W eF oo A tyrosinase: L-tyrosine®} L-34-dih
ydroxyphenylalanine(L-DOPA)E DOPAquinone 2. 22| AtstE Zu| sl vf$
Tad aamA g3 olst o] A% DOPAquinone #4 W el 3}
£ 714 leukoDOPAchromes 43k, o]+ H3 DOPAchrome® = AFste T}
E3], tyrosinaseo] ¢&|A] tyrosine®l A dopaquinonel 29| HAFHE o] 5o A
7h Ael A pHel A A oz dhAgsty] o] Wepbd A A S Alg A
(rate-limiting step)® £ 4 At} DOPAquinones WA S7HA 24 B2
gEo] fls A ARH R 18 & A DOPAchromes A4 &t DOPAc
hrome tautomerasetil &= TRP-2%& &4 F7HAQl DOPAchromes ke
ot-enol tautomerization (AE-AE sWHo|A])d &) Xt} ekt F3HA 56-di
hydroxyindole-2-carboxylic acid (DHICA)S. 2 Znf sAY, &, DOPAchrome
o] ApA & 7453 WHg o2 56-dihydroxyindole (DHDo] 4§14 €t} [22-23]
AAL oA Wepd A G4l e wWepd Aol Ma HER S
o] 3}+= Microphthalmia—associated transcription factor (MITF)2] ZAdgtol] 2] sj
Ab, &tek 2HE Y. o= tyrosinase AR @& o] ek A $ tyrosinase pro
moter 2] M-boxel Z33sl4 tyrosinase? TS F7F Al7IH, w3 1 9
gd A BAE £ A HAdE SIS AR A Ak [24-25]
MITFe] A9 7|do 2+ AwrA o7 Protein kinase (PKA), cyclic adenosine
monophosphate (cAMP), ¥ MAPKs 53 #& AsAd HAzE T3 dgd
Gl Bt Aom delA Uk

cAMP 74 %% %3] phosphatidylinositol 3-kinase (PI3K)e] &43}li= Protein
kinase B (AKT)2] ¢IxtstE A * Glycogen synthase kinase 3 beta (GSK38)<2]
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Figure 2. The mechanism of melanogenesis in a-MSH induced B16F10 cells.
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Tt (Coumarine Y28 ¢ WAzl ZAgH PR
(benzopyrones) AlGol %3} ortho-coumarin acid’} £#F U] ol 2~ H| 2 3} 3} ¢]
ez HE SEFEoItt. EWNX(trans) €S 33+ 2-coumarin acide] 2
oy} Ak oA Alx(cis) ol AAR WFo] HH, olg s A|x(cis) IFE
ol ol ~H 23} W& st Fupdo] Aojt} [32] Frbde HAd A 1,000 F

ool dolAM 53] asAEAe de BEeta v 53] 3%
(Rutaceae), "ut2] ¥ (Umbelliferae)oll A vl @A 5oz FEAsty Hd Frpde
90% ol%Fo]l 7T X7 Abaw A gkE o] 9low, Aol Stelld FFES war gl
th olHd Futyl Fxo AL W AESH DA EAsH] vl 2

B, omeeol, Wi % oshel PHORNE A A WA Fohwe] B, PR

EE R

3}stE 7, 8-dimethoxycoumarin (7, 8-Dimethoxychromen-2-one, DMC) (Fig.
3)2 Daphne koreane, Astianthus viminalis, Zanthoxylum leprieurii 2 Citrus
decumanas EFete] ofe] oF§ A& EAst= A Frtdolt. DMCe ol
A Aol ggAakst dAS 24 R rEZE=gote £ Ho| e ddHE
%3l cisplatin ¥ 3] & -A] &5 (ischemia-reperfusion) =40 2 HE FHo| A4S H
e Aoz yUetwth 2ga Ao # AF= el f2E Aol tial
2H8S Bk [35-39] FH ATl W=, methoxy T+X2E ZE &

fol
ol

o]
=4

ot
ol\

HXo

—_

=2 I ¥ E benzo-gamma-pyrones< hydroxy 7% ZtE ZHHEL-
olE=rT YT B AY SWAA © FEHAIL v g7 APAES oldd
tangeretin® sinensetin 22 polymethoxy flavonoids (PMFs)7} MAPKs 43
drE T Hgds TAHer AT + v ®Biu o [40-42]
ol W,

4
0O-
o
ol\
ek
O
o,

Hydroxyt} Methoxy T3¢ coumarind}3ts &
Wty A FAdE 7 Al hydroxy 7325 ZEE coumarin 3F3HE-S ekl A &)

AL Yydl= wbd methoxy 7+%E 7FX coumarin 3ES wabd QA&
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II. Al5 € H

1 AE 2 A%

HoAGto] A% 78-dimethoxycoumarin (DMC, Ci1Hi1004) Sigma-Aldrich
(St. Louis, MI, US.A)°A F3F9th. Tumor necrosis factor-a (TNF-a),
ammonium pyrrolidinedithiocarbamate (APDTC), a-Melanocyte stimulating
hormone (a-MSH), sodium hydroxide (NaOH), % protease inhibitor cocktail-=
Merck (Darmstadt, Hesse, Germany)olA G433t It Dulbecco’s
Modified FEagle medium (DMEM), fetal bovine serum (FBS), pen-
icillin/streptomycin, trypsin—ethylenediaminetetraacetic acid, BCA protein assay
kit 228]32 PDI98059 (ERK & Al #|)= Thermo Fisher Scientiic (Waltham, MA,
USA) +93F3th 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT)S VWR (Radnor, Pennsylvania, US.A)°lA F43t e, IL-6, IL-S,
CCL2/MCP-19] @423 g 24 (enzyme-linked immunosorbent assay)-§
ELISA 7]E+ R&D Systems, Inc. (Minneapolis, MN, USA)o| A G43te] A&
stk Western blot A3#-& A P-p38, T-p38, P-JNK, T-JNK, P-ERK,
T-ERK, P-pl05, T-pl05, P-p65, T-p65, T-IkB-a, B-actine Cell Signaling
Technology (Danvers, MA, USA) 183 TRP-1, TRP-2, Tyrosinase, MITF,
and SP600125 (JNK inhibitor)+= Santa Cruz Biotechnology (Dallas, TX, U.S.A)
ol A AsFATE TS SP600125 (JNK S AA) 2 SB203580 (p38 A #])2
Cayman Chemical (Ann Arbor, MI, USA)¥ Calbiochem (San Diego, CA,
USA) A z}y 7} T} Dimethyl sulfoxide (DMSO),  radio-
immunoprecipitation (RIPA) buffer, enhanced chemiluminescence (ECL) kit, L
#31 2X Laemmli sample bufferi= Biosesang (Sungnam, Gyeonggi-do, Korea)

¥} Bio-Rad (Hercules, CA, USA)ZH¥ Z+7z} -9 81t}

_13_
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2.1. HaCaT Al ¥ Wl A 7, 8-dimethoxycoumarin® 3 9% &3

2.1.1. AIX wj<

Human Kkeratinocyte (HaCaT)i= CLS Cell Lines Service GmbH (Eppelheim,
Baden-Wiirttemberg, Germany)ol4 T3t HME= 10% FBS9F 1%
penicillin-Streptomycine ¥ 33l DMEM HiA S AL£31 3, 37C, 5% CO,,

Z7oA 29 tASRE AistHA wfjg HATH

211. Al BEE B}

DMCe] A% A& MTT 24 s FHHAt =ae 84
714 (Soluble substrate)?l MTT7} 4ol 9= A|E otol] A F&lo] nmEFE=glo}
Sto| Al &4 g Ahzt8o 9ste] KB &84 (insoluble)®] formazan product

= AT SA4S 28F Aol

-

HaCaT AXE 24-well plated] 15 x 10° cells/mL=z #F&to] 24417k 59 A
mjeFatdet. o]F AT S AASI DMC (0.025, 0.05 01, 02 2 04 mME
FBS free #jA ¢}t 7 Zzte] wwm Hylato] thA] 24417 E9F wjkabgict.
400 pLel 04 mg/mL MTT €9< 7zF wellol
o]

At WS Fg T MTT €98 25 A7t

o F AE BE AA 8
Arketel 447k Bk vle

DMSOE #H7tste] x=2vpzk A4S 83 A]7]32 microplate reader(SUNRISE,

_14_



2.1.3. Pro-inflammatory cytokines/chemokines =7

E40A3H 9 A 2 H (Enzyme-linked immunosorbent assay, ELISA)&= IFH3]
B Ao SAE Z2FAA FE-FA S-S Fdelste WHoR oy 71HA
ELISA % <o =& ¥fgLEE zton dukxo=z 85 =  Sandwich

=
ELISAE AF&3IItE 712 8= 3ol plateo] Z Agste® o] o3k

HaCaT A XolA IL-6, IL-8 % CCL2/MCP-13 22 Alo]E7el o
AZ7EIe Aol tigk DMCe J&FS =AFs7] $18] HaCaT MEE 24-well

Fato] 24A%F Bt A wmigEAth 1ot
Ao WS AASIL FBS free W2 &7 DMC (0.025, 0.05, 0.1 2 0.2 mM) 2

TNF-a (50 ng/mL)E Z}7}o] T=& Agdtal 2441 7F F<F v okstgict. o] %

plated] 15 x 10° cells/mLZ 5

AE HE FENS SRR, Aol AEA R AR P FS

2}
ELISA 7|EE AM£3lo] =A319 0}
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Figure 4. Principle of MTT assay.
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Figure 5. Principle of enzyme-linked immunosorbent assay. (Copyright © 2018

R&D Systems, Inc. All Rights Reserved.)
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Figure 6. Principle of western blot. (Copyright © 2018 Bio-Rad Laboratories, Inc.

All rights reserved)
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2.1.4. Western Blot ¥4

HaCaT AZE 3 x 10° cells/well®] 60-mm culture dish® 33t} 24 A7t
A wigstAth 1 v e de AASHL FBS free WA oF $A vk
5o DMC (005 0.1, 2 02 mM)®} TNF-a (50 ng/mL)E A zlsttl. #f <
H AXE 1xPBS (phosphate-buffered saline)® 23] AJ23s}aL, lysis buffer
(RIPA buffer)¢} protease inhibitor cocktail (1.0%)< *g]lsle] 4CelA 20 #7F
L3l A171 % harvestdte] e-tube® %% H 15000 rpm, 4ColA 20 #3F
AAZsATE. s @Al 2 bovine serum albumin (BSA)S

2 A83te BCA @z EAyo=s ZAY. dWdSs st 20
nge 7 @MAE SDS-PAGE gelel Al ®7]9gEste] vd arjdz Fs
% PVDF (polyvinylidene difluoride) ¥t 2 7 o]3}th. Membranes 2=l A
0.1% Tween 20°] 3$Hf ¥ Tris-buffered saline (TBS-T)S.Z <l 5% Skim
milk (blocking buffer)® 2 AlZF &< blocking ¢ tS TBS-TZ 3 3| A3
stttk 19 ok, 1 0 10009 Hl&= 314 #H 1 * A (primary antibody) &
A 7Fskal over night 3t W% 948 3 TBS-TE 10 ¥ 7+74 02 5 3] A
3l t}2 HRP7F 23 # 22k A (secondary antibody)ES 1 : 30009 H]&=
8)A akal 2A17F E)F ¥bE it 1t TBS-TE o] &3te] 10 & (HAo=
53] AMAHsAE o] & ECL solution ¥ %¥+&3kil Chemidoc (Fusion solo
!

A
o

7
ol
=

)

6S.WL, VILBER LOURMAT, France)s AH&3te] @M=&

245t
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2.2. B16F10 Al £ WA 7, 8-dimethoxycoumarin® #Hzd B4 F 3
2.2.1. A|XE v

Murine melanoma cells(B16F10)2 10% FBS<¢} 1% penicillin-Streptomycin<
Z3st: DMEM WlAS AF&8tda, 37C, 5% CO, ZAolM 39 ztAow
At sHE A Bl sl .

222. A AEE& F7}

BI6F10 AXE 24-well plated] 2 x 10" cells/mL& #F&to] 24 A7 Sk A
Hj ettt ol AeHS AlAs DMC (0.05, 01, 0.2, 0.4 ¥ 08 mM)E
M2 iAok A Zzbe] s FHTbske] vhA] 72A1%F Eob wleF skl L
S WxE EF AASI 400 pLe 02 mg/mL MTT &9 27+ welldl
d7hetel 4AZE eot wiekdth e FE F, MTT &% E5F AlAs
DMSOE #H7}ste] ¥ =2nkzb AAHS 8314 7] 22 microplate reader (SUNRISE,

TECAN Austria GmbH)E A}-&3}¢] 570 nmoll A FFE=E S48t}
2.2.3. Melanin contents =%

Alazol Aol debd e ojde] Tlsd WHE dF FAstY FAHsAdh
[41] BI6F10 AI¥E 60-mm culture dishel 1 x 10° cells/mLZ E3F3}o] 24
AZE B A wigsiad 1 vs A dES AlAS DMC (0.025 0.05, 0.1,
02, 2 04 mM) =+ o-MSH (100 nM)E M= A} A 2H7He] sz
A7vete] vAl 72 AIZE e Hieksiith o-MSHE $4d dExdo® ARE
oAtk wjek & 1xPBSE 23] A3t harvestdte] e-tube® %71 FH 15,000
rpm, 4ColA 20 3+ AAE sttt pelletit @A & AEelA 10% DMSO7}
Z7Fd 1 N NaOHE 200 puL & 931 70°ColA] 1 A|zF 59 &A1 AT 1

e 7} sample?] €9E 50 pl A 96 well platee] &7 il microplate



reader(SUNRISE, TECAN Austria GmbH)E A}&3te] 405 nmolA S3 =5

ZAsAct, @mde] ke hovine serum albumin (BSA)S EFO 2 A3}
BCA w4 FAHoz FA3th

2.2.4. Tyrosinase activity =3

A Ul tyrosinase &4 4 AL olde Jiedw WHES dF FAHIY
Aseith. [41] B16F10 AI£2 60-mm culture dishel 1 x 10° cells/mL&
Fato] 24 AIZF B A wiFedth 2 b s S A7 skl DMC (0.025,
05, 0.1, 02, ¥ 04 mM) =& a-MSH (100 nM)E A= wjx] ¢} A 7}7}e]
TEZ FHUFste] Al 72 A S widEtth. o-MSHE 44 Ulxde=

AN

A

o

AFEERIT vk & IxPBS®E 23] AlFHEtar lysis buffer (RIPA buffer) 2}
protease inhibitor cocktail (1.0%)< Hzlste] 4TAA 20 &3k &3iA1Z <,
harvestdle] e-tube® =71 % 15000 rpm, 4ColAl 2087+ 44 £

23 gz o] kS hoyine serum albumin (BSA)S ZTFOo & A83to] BCA

iz Bdwowr =4 % (01 M sodium phosphate buffer (pH 6.8)<
o] g3t A ArE 1 vh Z+zhe] A1ZE 20 pLel L-DOPA (2 mg/mL) 80

uLE  ¥aL 37°ColA 24 3bEeh HjGf

ot

% microplate reader (SUNRISE,
TECAN Austria GmbH)E AF&3}9] 490 nmoll A S35 =4 3k

2.2.5. Western Blot ¥4

B16F10 AI%Z 1 x 10° cells/well®] 60-mm culture dish® HFate] 24 A]7F
s A gt 1 oy e s AAskL AR WA} A oS
F%=° DMC (0.05, 0.1, 0.2 2 04 mM) ¥+ a-MSH (100 nM)E A& 3%

I
(RIPA buffer)®} protease inhibitor cocktail (1.0%)& #glsle] 4ToAl 2083F
S3fA 7] F harvestste] e-tube® %71 H 15000 rpm, 4ColA] 20&7F 94

2l s gdmae 9ke hovine serum albumin (BSA)S T Fo®

=
o2

H MXEE 1xPBS (phosphate-buffered saline)® 23] A% 3s}al, lysis buffer



20 ugel 7t

AbEske] BCA ©ild EAwor ZAsidy, did s Afsia
gz 3v|dEE 22k 3 PVDF

Gl A S SDS-PAGE geloll A A 714 &3k
(polyvinylidene difluoride) oz Aol tl. Membranes 224 0.1%
Tween 20°] 8% Tris-buffered saline(TBS-T)S2 =9l 5% Skim milk
(blocking buffer)® 2 A]7F %<t blocking 3+ tt3 TBS-TZ 3 3] A& &t}
a2 oS, 10 10009 B& R 3AE 12 @A (primary antibody)E 3 7}8kaL
over night 3ttt ¥Hg 95 3 TBS-TZE 10 ¥ t4o= 5 3] Az 3 v}
HRP7} ZA3%d 2xF 3FA|(secondary antibody)Z 1 : 30009 ®]& = 3]Asla
2N Sk WEgEkTE. 1 the TBS-TE o839 10 & Ao = 53
A=A skt o] & ECL solution ¥ ¥H$-3F3l Chemidoc (Fusion solo 6S.WL,
VILBER LOURMAT, France)& AH&3te] d@Mdwi=g @4dstal 4330tk

3. 3AA

BE Age Ayes Hyt £ X5 WA (SD; n = 3 or )2 FHHG x p <
0.01

*

*

*
T

A\
<
(>
o
—_
oft

A o8 B p #& Student’s t-test=

AL-g3ke] ALt T
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1. 2 S

1. HaCaT A ¥ WolA 7, 8-dimethoxycoumarin® I4F &

1.1. HaCaT Al oA ME AEL] W X+= DMCO 93

DMC® $9% &3k AE AR Qs 93 we F Ayl 9, WA

MTT #4H& AF&3te] HaCaT AEelA DMCO AxE AEES H7bsksith

HaCaT AXE 20A1%F &<k Aol sxeo DMC (0.025 0.05 0.1, 02 % 04
mM)E A28ttt DMC A2 Al Alxe] e AgHA] &2 Ax(izxd)
of Hlal 04 mM =Y W 85%= uesth ek AxEAe] glE 02 mM
& olste] DMCE Ahgate] &5 oS st DMC= 02 mM & %=7
A AE AE sl oud 54 g3 YA & krh(Fig. 7).
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Figure 7. Effects of DMC on the viability of HaCaT cells. The cells were
treated with DMC (0.025, 0.05, 0.1, 0.2, and 04 mM) for 20 h. Data are
presented as mean * standard deviation (SD) of at least four independent

experiments (n=4). * p < 0.05, =** p < 0.001 vs. control.
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1.2. Pro-inflammatory cytokines/chemokines 2 @9 v X DMC9 4 g

Fel

ks AEE TNF-aof] =F5H AlolE71el 2 ARlle] njA gzl &d
o] frEreo] T-Mx e N7 959 dF5A W¥dd AFstal 45 +2
o}, web HaCaT AlEolA TNF-aol 98 28 d d5

olEZl¥} AXFS Aite]l thd DMCe A azEs zAbsuh 2 A
HaCaT A F)A TNF-a @5 g xS AE
el IL-6, IL-8 ¥ CCL2/MCP-19] A4Hs FolstA S7HA17]1% v+ DMC A
g Al o]¥3d TNF-aol 93] #% ¥ IL-6, IL-8 & CCL2/MCP-12] A4ts &
F gEHqoz AAsA (Fig. 8).

X
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2
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0 0

TNF-a (50 ng/mL) + + + + + TNF-a (50 ng/mL) + +
DMC (mM) 0 0 0.025 0.05 0.1 0.2 DMC (mM) 0 0 0.025 0.05 0.1 0.2

(a) (b)

Human IL-8 (% of control)
2

Human CCL2/MCP-1 (% of control)
2

TNF-0 (50 ng/mL) + + + + + TNF-a (50 ng/mL) + +
DMC (mM) 0 0 0.025 0.05 0.1 0.2 DMC (mM) 0 0 0.025 0.05 0.1 0.2

(c) (d)

Figure 8. Effects of DMC on the pro-inflammatory cytokine production and
cell viability in TNF-a-induced HaCaT cells. The cells were treated with
DMC (0.025, 0.05, 0.1, and 0.2 mM) and TNF-a (50 ng/mL) for 20 h. TNF-a
—treated cells were used as a positive control. (a) Cell viability was
determined by MTT assay. (b), (¢), and (d) Production of IL-6, IL-8, and
CCL2/MCP-1, respectively, was measured using the culture supernatant of
HaCaT cells treated as mentioned above by ELISA. The results are
expressed as percentage values compared to that of the control cells. Data are
presented as mean + SD (n=4). * p < 0.05, ** p < 0.01, *=:* p < 0.001 vs.

TNF-a-treated control.

_24_



1.3. Western blot £
1) TNF-a7} MAPKs® NF-xkB A& 49 A2 nx&= 3k

HaCaT A XolA DMCe 93 ads vizlsts Azdd 425 s
Aol |WA A EZol TNF-a (50 ng/mL)E 5, 10, 15, 30 2 60% &<+ Z+7+ A2l 3}
o] MAPKs¢t NF-xB A3dg A2 A5 A &d AE Z2AMs A

A3 Ay} MAPKs A&ddg ZZoja P-p38, P-JNK % P-ERKS 2d-&
TNF-a A2 % 10 &° 7H¢ ESth(Fig. 9). &3 NF-kB A sdg ZZA
P-pl05¢} P-p652] &d-e 10 #ol Mg Ekon, kB-ax = Aitste] 9
o 10 ol 7bd Wo] e Ao YEhGHFig 10.). Wk MAPKs 2
NF-kB 4Alsd9 A= gk DMCo &95 &35 437 918 TNF-a A

AT 10 & 7o 2 Aol A2ekdl
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Figure 9. Effects of TNF-a on MAPKs pathway in HaCaT cells. The cells
were treated with TNF-a (50 ng/mL) for 5, 10, 15, 30, and 60 min and cell
lysates were prepared for western blot analysis. Data are presented as the

mean £ SD (n=3). * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control.
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X
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TpI0S [ems G e - a— - R
FE
E
4000
P-p6s | -— . - - \ 2
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Figure 10. Effects of TNF-a on NF-xB pathway in HaCaT cells. The cells
were treated with TNF-a (50 ng/mL) for 5, 10, 15, 30, and 60 min and cell
lysates were prepared for western blot analysis. Data are presented as the

mean £ SD (n=3). * p < 0.05, *** p < 0.001 vs. control.
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2) MAPKs Az dd A=z gk DMCY <&

o]d Ao TNF-a= MAPKs % NF-kB9] A&z dg ZFZoA 10 Ehol
o <lxk3t &S yErdth wElbA phospho-specific A E o] €3 Western
blot #41& %3 MAPKs 2l&xd & ERK, p38 2@ JNK ¢litste] o3t
DMCe =4 a¥s =AM

HaCaT A3l DMCF SB203580 (p38 <A1, 10 uM), SP600125 (JNK &4
A, 20 pM) 2 PD98059 (ERK A4, 20 uM)&= Z+2+ 1 A1z B¢t A Az F
TNF-a (50 ng/mL)S 10 ¥ &<t A& sttt

Zyz} o] inhibitor’} MAPKs A& dd H 24 TNF-aZ Fx¥ A4kstE gz
ol HE] oAgtE RS FIssith =3, DMCE P-ERKSF P-JNKelA]
TNF-oZ2 F=% Q3s F dud 5

WS A ARA R, P-p38 FEolE Hage] 9 Yeldith 53] INK
3 ERK®] <¢14Fsh= 0.1 mM DMC wXolAl tixatel Hlal] zH2F 49% 2 38%
A H AH(Fig. 11). ol ¢ A= P-p38, P-]NK 3 P-ERK®| #4437t d
<4 WA TNF-aol 93 2= #ejstal DMC7F MAPKs 4Al&dad 4=

g 53 9% oA 245 yEhds st
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Figure 11. Effects of DMC on the expression of p38, JNK, and ERK in
TNF-a-induced HaCaT cells. (a) Cells were pretreated with various
concentrations of DMC (0.05, 0.1, and 0.2 mM) for 1 h and then stimulated
with TNF-a for 10 min followed by western blotting of the cell lysates with
the indicated antibodies. (b), (¢), and (d) Quantitation of the protein levels of
P-p38 (b), P-JNK (c), and P-ERK (d) are presented as mean +* SD (n=3).
sk p < 0.001 vs. TNF-a-treated control.
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3) NF-xB 21349 A=Zo| tst DMCe &k

MAPKs ZA2¢ mtx71x2 NF-kB 2l& x4 w3 g9z A3t xdo 7]o3s
| Wil 4% 2@ Fas s gtk webd DMC7F TNF-adl 93

5 HaCaT AEZolA IkB-a 289 NF-kB &43le] 9adS F=x R

N

_IQI_
AT o E, [kB-av A4 242 HaCaT AMEdA =& FEo= 3
Eil

HA g TNF-a2 A9 AEAE 10 Jo 7bF =& 2a) @Ado] veyt

kv

. EZ NF-xB A4 91 APDTC (20 uM)Z A 2|3 A3}, TNF-aol o
T P-pl0s % P-p652] F=o] folstAl Hashidh
TNF-o2 Hg s gz vluste] DMCE IkB-a %3] 2 P-plos &4 3o

ofee 9L vAA BAT, pesel A4S Grel Hal &3 £

& UM H(Fig. 12).
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3
g
APDTC (20 pM . . B - . E
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DMC @mM) . - - 005 01 02 3
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Figure 12. Effects of DMC on the pl05, p65, and IkB-a expression in TNF-
a-induced HaCaT cells. (a) Cells were pretreated with various concentrations
of DMC (0.05, 0.1, and 0.2 mM) for 1 h and then stimulated with TNF-a for
10 min followed by western blotting of the cell lysates with the indicated
antibodies. (b) Quantitation of protein level of P-p65 presented as mean + SD

(n=3). *** p < 0.001 vs. TNF-a-treated control.
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2. B16F10 Al ol A 7, 8-dimethoxycoumarin® @zd AA &3

2.1. B16F10 A XA AX &L v X+ DMCe 93

BI6F10 M)A DMCe ME AEE 4TS A8 MTT £49& A
§3te Hrhst9th BI6F10 A2 E 72 Al7F 59 DMCS F&=® (0.05, 0.1, 0.2,
04 3 08 mM)E A2t A3 Axe] AE&E AgHA &S AFE(HIET)
H1s] 0.8 mM =Y o 85% = YEelEth el AlE5Ae] ¢l 04 mM ©] 3}
o] F%2l DMCE AR&3ste] % A5 a3l (Fig. 13).
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Figure 13. Effects of DMC on the viability of B16F10 cells. The cells were
treated with DMC (0.05, 0.1, 0.2, 04, and 0.8 mM) for 72 h. Data are
presented as mean * standard deviation (SD) of at least four independent

experiments (n=4). *x*x p < 0.001 vs. control.
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2.2. Melanin contents®l 3 DMC<2 93

debd Aol mA = DMCe d&s #H7kstr] f@ =¥ DMC (0.025, 0.05,
0.1, 02 % 04 mM)e} a-MSH (100 nM)E 72 AZF &< BI6F10 A2zl A &8}
o] melanin contents A& %33} T},

e 23 FEHET o-MSHE Szl nls) 55 % S74sk3lal, DMCE
Aget Alxs dxzadd vlaste] @ekd Aikeo] TR oEAH O R FUIEE
AL & 5 A 53] 04 mM F=olAE AR vE 86% Z7F A
ot w2k DMCs= BI6F10 Ao A Wetd s S7HAvs As 2ol F
A tHFig, 14).
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Figure 14. Effects of DMC on melanin production in B16F10 cells. The cells
were treated with DMC (0.025, 0.05, 0.1, 0.2, and 04 mM) for 72 h. a-MSH
(100 nM) was used as the positive control. melanin content is expressed as
percentages compared to the respective values obtained for the untreated
cells. The data are presented as mean * standard deviation (SD) of at least

three independent experiments (n=3). * p < 0.05, *** p < 0.001 vs. control.
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2.3. Tyrosinase activityo] ™3 DMCS <3

Tyrosinase= Wolbd 3o #AHAE Fo gholy uwebr o] AFS F3
DMC7} B16F10 Al 3o A tyrosinase &3} Ao of

ol B ottt BI6GF10 Al o-MSH (100 nM) Az T+ DMC (0.025
0.05, 0.1, 02, ¥ 04 mM)<= =¥z Zt7Zt At 23 DMCe Ax U
tyrosinase A4S dFxTo HlE TR oEHoR [FosA F7HAH YH(Fig.
15). o]& &3, DMCE HWetdgAdo] a3k 491 tyrosinase? A4S 71

AA BEd A4S FANAGE A FAT At
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Figure 15. Effects of DMC on tyrosinase activity in B16F10 cells. The cells
were treated with DMC (0.025, 0.05, 0.1, 0.2, and 04 mM) for 72 h. a-MSH
(100 nM) was used as the positive control The results are expressed as
percentages of the untreated cells. The data are presented as mean + SD of

at least three independent experiments (n=3). *** p < 0.001 vs. control.
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2.4. Western blot &4
1) #Agd g #dE g4 2o v xl= DMCe o3

Tyrosinase, TRP-1 18|31 TRP-2%& Wehd G I a4=2ZA4 MITFY &4
skl o3 FHA AAZE A stE o] "ebdS gtk DMC7F ol efdk #h|
Fa o owd JFs HA=A AT fl8, =¥ DMC7F A€
B16F10 A4 western blot 23S sttt Z34 o= tyrosinase,
TRP-1 ¥ TRP-2 @@ o] &d 25 Folaid 7ttt 53 04 mM &%=
oA TRP-12 o-MSH <<FAddizwo] Hls] 98%, TRP-2v 77%, 18l

tyrosinaset= 68% %713l tH(Fig. 16).
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Figure 16. Effects of DMC on TRP-1, TRP-2, and Tyrosinase expression in
B16F10 cells. The cells were treated with the indicated concentrations of
DMC for 40 h. a-MSH (100 nM) was used as the positive control. Protein
levels were determined by western blotting. (a) Western blotting results and
protein levels of (b) TRP-1, (c¢) TRP-2, and (d) Tyrosinase. Results are
expressed as percentages of the positive control. The data are presented as
the mean + SD of at least three independent experiments (n=3). ** p < 0.01,

w6 p < 0.001. vs. positive control.
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2) MITF 2Z& o] v x]= DMCe &

ol W& w2 debd A g4 F7HE MITF &43F S7ko 712
stE Ao B 4

w2k o-MSH (100 nM) ¥ s=%¥ DMC A ¥ MITF @9 e g 3
ol & Httl AyHoz DMCE F= FEHoz

ot a2ej=®, DMCx MITF 2o fste] detd A dods dgdsiaz)=

A= & o dvkFig. 17).
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Figure 17. Effects of DMC on MITF expression in B16F10 cells. The cells
were treated with the indicated concentrations of DMC for 24 h. a-MSH (100
nM) was used as the positive control. Protein levels were determined by
western blotting. (a) Western blotting results and protein levels of (b) MITF.
Results are expressed as percentages of the positive control. The data are
presented as the mean * SD of at least three independent experiments (n=3).

*x% p < 0.001. vs. positive control.
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3) AKT A& A A=z st DMCe 3k

o] A ol 23 cAMP 7 ZoA AKTS <143l Ao o]d] MITFS A}
4 F Ad5e HEHEnh AKT ¢4kst S7Fs GSK-3B7F ser21/9¢ <14t
312 %3] B-catenin® =4& FEdtm AEAY =2 ¥ B-catening O Z
GSK-3B& Tyr2169] <latsts 53
B-catenin® QI4FSFE friedtal ol frHlFARSE Ho| At} [45-46]
w2t B16F10 AlEolA DMC7F AKT <lAkshel] ojw st J&kS v x=x& I
A3}7] 93l western blot 2 dS a3}
ol A% A DMC+ MITFS] #dE F7HA 7= AL F2lstdt. o9 #-d
gt DMC AglE YA NZTFA o-MSHe B8 F= oEHo=z AKT it
32 Z/AZ oY, B3] 04 mMe 1EEo|AE 26% © Z71% 9 oHFig 18).
gy o] e A= AKT &9 71390 GSK-3B<] Ql4tst 4ol o] MITF
of o] FUFEEA ] digk AR 1S 95 FUA dFe] HAd o=

Bt

p

o
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Figure 18. Effects of DMC on AKT signaling pathway in B16F10 cells. The

cells were treated with the indicated concentrations of DMC for 4 h. a-MSH

(100 nM) was used as the positive control. Protein levels were determined by

western blotting. (a) Western blotting results and protein levels of (b) AKT.

Results are expressed as percentages of the positive control. The data are

presented as the mean * SD of at least three independent experiments (n=3).

*x%x p < 0.001. vs. positive control.
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old AT Ao wrEW, MAPKs 72 2|4 p38¥ JNKe| <4tsts= by A
AL F7IN7IE dEzAe AN ZTHAE A 2o x|k ERKE] <14k3t= #ald A
S Adlste SAAMNEAYE A22 dEA Ak mEk DMC7F BI6F10A4] 9

A p38, JNK, 3 ERK®| ¢14tste] ojmgt gaFs Uetll=A dolr 7] 8t
western blot 23S T3t

218 A3 DMCe= MAPKs 21549 AR A p383 JNK <l4tstE a-MSH
Ag gzatel v F7HA7= S g1 3l i, ERKe Q14ts
o2 AFAE s HERATE o] DMC7F MAPKs Alsdd A2& &3t
of Wetd A S Fsta Avk= s dEhdAoH(Fig. 19).
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Figure 19. Effects of DMC on MAPKSs signaling pathway in B16F10 cells.
The cells were treated with the indicated concentrations of DMC for 4 h. a
-MSH (100 nM) was used as the positive control. Protein levels were
determined by western blotting. (a) Western blotting results and protein
levels of (b) P—p38, (¢c) P-JNK, and (d) P-ERK. Results are expressed as
percentages of the positive control. The data are presented as the mean + SD
of at least three independent experiments (n=3). * p < 0.05, ** p < 0.01, **=*

p < 0.001 vs. positive control.
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5) MAPKs Al&dg 729 th3t inhibitor & DMC2] <3 gk

olz1gt MAPKs A& dyd =ZoA ERKe <4Fsl7} tyrosinased &4 S71¢}
Aol A=A Fdetr] 918l ERK AsiAlE #2lste] ERK 4Aladd 4 =ef
Tyrosinase activity 28-S F712 5333t}

7 A3 ERK A3Ag ZHZo|A ERK AsAE dxoz AHusde

1

o
DMCE &Alel AgstRs uf AisrE g Aashs ASs & & Ao 1
3l tyrosinase activity 23 A3 ERK A4S @50z AEduS o

xRy 40 Z7hstE AL JEhglon, E35 ERK A4S DMCY 5

Aol Aelstae W a-MSH Ael z@wd 24e Zste AL & & A
A

t}. o]2 E3 DMCE MAPKs A2 & ERKY 22gE A 3ste] deat

=

292 e AL 48218 thFig. 20).
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Figure 20. Effects of DMC and MAPKs inhibitor on MAPKs pathway in
B16F10 cells. The cells were treated with p38 inhibitor SP600125(10 uM),
JNK inhibitor SB203580 (5 uM), and ERK inhibitor PD98059 (10 uM) alone or
in combination with DMC (0.4 mM). a-MSH (100 nM) was used as the
positive control. Protein levels were determined by western blotting. (a)
Western blotting results and protein levels of (b) P-p38, (c) P-JNK, and (d)
P-ERK. Results are expressed as percentages of the positive control. The
data are presented as the mean = SD of at least three independent

experiments (n=3). * p < 0.05, ** p < 0.01 vs. positive control.
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3}8tE 7,8-dimethoxycoumarin (7,8-Dimethoxychromen-2-one, DMC) (Fig. 3)
2 oy oFg A EZo EActE A FuidozA o] AFdA DMCe ik
sl ddT &S T FAY 99 NAH AFE BEste AoZ YERT ®

& o Aol WEW, methoxy TEE ZE TR o=V} hydroxy TEE
%

A ZA97F Al hydroxy T%E ZH coumarin 8H3E 2 #HEhd A& A4S
UEt = ¥FH methoxy T%2E 7FZ coumarin 33ES Wed YPELE T
3 Hetd FA4e ST Aom deRh

gy Az EFAAEQ HaCaT MENA 2 IF A3l dist A axe}
BI6F10 &4 5 AlzoAle] Hetd A vizlyFel had 712 vAYES of4
ZALE A e okt wpebA] o] Aol A TNF-a A2l HaCaT A2XodA d 95
A izl IARSQ] AfelEFF)D B A ETEQIS] o] tigk DMCe| <Al &kt ¢
S 71del da] AR e, =3 DMC7F debd A4 2 debd A4 g4

T mA = FFS AL debd Y - VA ATE s AT

, 2o A TNF-a2 4539 HaCaT AZoA DMC7F A% =
AS YERPRA FomA A I3 wisiedAkel IL-6, IL-8 ¥ CCL2/MCP-19]

e S o AsltlE A $ele o, E=3F o] 23k cytokined} chemokines®] W&

A} A&= MAPKs (P-JNK¢ P-ERK)9F NF-kB (P-P65) A&dg Hzo A}l
A AAE T3l doldrhes S AFoRE YFeATh

A HaCaT Al2EeA] DMC7F A2 AE& v A= d&o] dial] F7tstsit
A A3 DMC=Z A=A & Axdza)dd vl& 04 mM 5% o u Ax
BEEC] B%E YEoH o & AL BF 02 mM ©3 sERolA Fa3)
ArhFig. 7). thF o2 DMC7F A d5A wiAdAEe Ao mx= G
s H7F skt TNF-a @5 A2 2o AxsA4dS A &= i1
el IL-6, IL-8 B CCL2/MCP-1¢] &2b& frolstAl S7kA17]1= ¥Hd DMC A
2] Al o]g & TNF-adl 93 #=% IL-6, IL-8 ¥ CCL2/MCP-19] A4S &

FE

EN
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H

oEH o7 A5 tHFig 8.).

olel @ A o

ol\

A A Ee] A A= MAPKs 3 NF-xB Alsdd 4=
£ Faf 2. webdq DMCO #dE &35 vUede Adsde 425 &
ANak7] 918 WA A9l MAPKs % NF-kB Asdd A=A d4F &S
et A dEA Alo]EFF¢lel TNF-a (50 ng/mL)E ©E o2 A gdta A
FoE QbS] Ho A RE g1t MAPKs Als g 24 P-38,
P-JNK, # P-ERK¢ %d2> TNF-a A8 % 1029 7M =2 ¢ds 2
(Fig. 9). &3t NF-«kB Az xdgdd 24 P-pl0s, P-p65 &d 3+
2 WS How, IkB-ar 10F9A 74 degradation®] o]
&

|

R4

o
ok

A A H(Fig. 10). ©]& &3 phospho-specific IAE ©]
Aodg A= p38, JNK 2 ERK <¢l4tstel digt DMCe =4 a3s FAHs)
%th. HaCaT Al3*ol4 DMC2 SB203580 (p38 A4, 10 uM), SP600125 (JNK
AAAl, 20 uM) 2 PDI8059 (ERK A4, 20 uM)+= b2 1 AI7F &b A A e
% TNF-a (50 ng/mL)< 10 &<t Agstth 2H2be] inhibitor7b MAPKs 4l
g ARAA TNF-aZ F=¥ QAitsts gizatel s A= 21s &
Attt w3 DMCE 0.1 mM s =4 P-ERK® P-JNKelA TNF-a® %
H QitstE & dd FFEd JFgE vAA &

49% 2 38% ABAI A AR P-p38 Sl E HAde] J&S Ve oHFig.
). 283 DMC7}F TNF-aol 93] % ¥ HaCaT AXA kB-a &3}
NF-kB &4 3te] d3Fs F5A o5 ZAATE NF-kB 9 A14121 APDTC (20
uM)E A2l gk A3 TNF-aol 93 #f%= ¥ P-plos 2 P-p65e] +F& Fost
A a4k 28y TNF-aZ A2 s gz vluste] DMCE kB-a &3
2 P-pl0s st = frole dFS mA A kAR, p659] AAbsh= tizd
of Hla] TE oEAo® FolstA olAxo] DMC7F NF-xB As g A=E

zddoEN FAT e HedE & 7 UM (Fig. 12).

owA dzEd v 717
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L4, BI6FI0 54 F AXoA @ehd 440 te DMCe J3e Brtet)

el F7HA APS Ak sith BI6F10 Aol DMC+ Al
A ¢ Fx W9 ol AlE W tyrosinase activity$} @eEtd IHS FE
Ao g Z7FA#AE 18] Al tyrosinase, TRP-1 % TRP-2& ¥3tst= #zbd A
A EAC] HAWERE ol o]F wiAStE MITFO @4 WS S7HAF
olgfgk MITFe] el 49l 71x<Ql MAPKs Als g AZoA= DMC7}
ERK| QItstE Asigtean Wad AHS Fieste S glsiith

WA, BI6F10 AlxZolA DMCE ME AEE JFE A7 8 MTT 4]
HE AbESte] Frketd o, AEY BEES A HA FS AE( )l H
a 08 mM = w) 85%= WElstth meEbA A5/l gl 04 mM o]t
&= DMCE Atgste] 3% 23S JdysAth(Fig. 13).

I oo b el vl DMCe| &S Hrtstr] fls s DMCeF &
4 Bzl a-MSH (100 nM)E 72A1F &<t BI6F10 Al 2ol A #]3te] melanin
contents A HS At Ad Ay FAHUET o MSHE Sdd ol 1
&l 55% < 7Fetlal, DMCE A eg Mxe tixaty) vlalste] #Hepd Aikaol
TR ogEHLR T E As & F AT 53] 04 mM sxRolAM = S48
Zate Hlsl] 86 % S 7FstA Tt (Fig. 14). ¢ DMC7F ®etd deo #d e F
8 §49 tyrosinase WA Aol ows FAFE AA=A AP o, 1
A3 DMC+ MAE U tyrosinase @48 &4 dlxzvod Hls] % o&EXo=
o8t A S 7FA1 7 tH(Fig. 15). Tyrosinase, TRP-1, Z12]3 TRP-2 & H&d A
4 B ZaARA MITFS 2/4dstel oa ol#g 49 FHda dALE @43t

i

oXx
[UO
-
o
I3

{

o
ol

y

ol

il
d

A7l BeEbd S A stk wpeba DMC7F o]#feh sl g4 wdo] ojmdk of
&S v A=A western blot A¥S I A3A S =2 tyrosinase, TRP-1

% TRP-2 @¥do Wy BF FoatA 571 stk 53] 04 mM 5o A]
TRP-12 a-MSH Azt w8l 98%, TRP-2+ 77%, ZL2]3l tyrosinaset™
68% T 7Fatdth(Fig. 16). oA &l Wed AAd 849 F7k= MITF 43t &
7hell 7191871 Wil o-MSH (100 nM) ¥ s%®¥ DMC Az & MITF &
Aol wa S Fols) Bk Ay orw DMCeE % ooz MITFY 2d
S FAAZAT 53] 04 mMolA o-MSH A tzatol vs] 14% Z718hs
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.

S Yl th(Fig. 17). 2 teo =2 BI6F10 AlXol4 DMC7F AKT A5 4
BEAA AKT <Atstel owd d&Fs mA=xE gdst7] 9l western
blot A&S AaPstdrt. 2z o2 DMC Agles FAAHETQ a-MSHel 1] &)
T oEHor AKTY <isls S7MAZH e, 53] 04 mMe askos
26% Y <s7F ¥ AvH(Fig. 18). Leiu}t o] gk A3rE GSK-3B¢] ¢14tst x4
ojz] MITFe] @do] F7ts&=Ao gk d= 2

Aoz welth o A7 Ao wEZW, MAPKs 424 p383} JNK<]

nt

o3k Ao
Arbst= Aegtd S F7HAI7IE dixZe] s dE 2ol ARk, ERK9
olakslE WIS Adlstes AN HE A ZzR e Ay webqd DMC

7F B16F10M A p38, JNK, B ERKS] <QAbste] ojw gk daS e =X
ol r 7] flste] western blot A% S FdstArh. A3 23 DMC+= MAPKs
NG AEAA p38H JNKO| <Q14kstE a-MSH A2 tizvtol| H|s| F71HA]
7= S #Rlsk i, ERKY d4tsles 5 oEHo =z A Helow, 53
0.4 mM sxZolA 61% Asl=Act. o]= DMC7} MAPKs A&adg 425 53
of datd S Fiest A= S BEoF=rhFig 19.).

o]#213 MAPKs A& A =2 A ERKe <4F3}7} tyrosinase &4 F71¢
Adol A=A syl fs) ERK A#jAlE Aelste] ERK Aladd 2ot
Tyrosinase activity 23S F7t2 sttt 7 23 ERK Asdg 729
G0 AEstds W ok DMCE &4l A#aas
a-MSH A2 whxarel Hlaf <Ql4kstrt fastes AS & & At 2
tyrosinase activity 2% A3} ERK As|AE "d=Eo 2 g sads u 4
TR Ao Frlste As &lstdlon, 53] ERK A 3iA1& DMCeF &4l
AstAS W a-MSH A dzawrs @40 Friste A4S ¢ F& Addh

(Fig. 20).
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