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ABSTRACT

AL Ao o] X% Matrix Metalloproteinase
g4 9 o) g3 agpigenin luteolin® A 3|

29

Oh Kyo Nyeo
Advisor : Prof. Hye Gwang Jeong, Ph. D.
Department of Pharmacy,

Graduate School of Chosun University

Exposure of ultraviolet (UV) light for long term and repeated
on the skin often induces chronic skin diseases such as skin
cancer as well as photoaging, and the mechanisms of these skin
damages are closely associated with up-regulation of
collagenases activities. Moreover, UV -induced collagenases cause
connective tissue damage and the skin to become wrinkled and
aged. This study investigated the effect of apigenin and luteolin
on the ultraviolet A (UVA)-induced matrix metalloproteinases
(MMP-1  (collagenase-1) and MMP-13 (collagenase-3))
expression in HaCaT human Kkeratinocytes. Treatment with
apigenin and lIuteolin decreased the UVA-induced generation of
reactive oxygen species (ROS). In addition, apigenin and luteolin
significantly suppressed the UVA-induced expression of MMP-1
and -13 mRNA. Moreover, transient transfection assay using

activator protein-1 (AP-1)-linked luciferase reporter gene assay
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revealed that apigenin and luteolin reduced UVA-induced AP-1
transcriptional activity. In this study investigated the effects of
apigenin and luteolin on UVA-induced c¢-Jun and c¢-Fos
expression in HaCaT cells. Apigenin and luteolin inhibited
UVA-induced phosphorylation of c-Jun and expression of
c-Fos. Treatment with apigenin and luteolin also inhibited ERK,
JNK and p38 activation. These results suggested that apigenin
and luteolin can inhibit UVA-induced MMP-1 and -13
expressions might be mediated through the AP-1 inactivation
and inhibition of ROS formation in HaCaT cells. In conclusion,
the results presented that apigenin and luteolin may be useful in

the prevention of UVA-induced photoaging.
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I. A &

o

Az ow R xste FEY T 959 AW gFolg F
= d#HOH, ALY sZFo wet UEus A ARl w=3keh A
Ao mEEol dojus AAAY w3t T oF A 9

7} 218 €t} (Fisher ef @/, 2002; Jenkins, 2002). A}

UVA)¢t zteld B (UVB)S] =Fc ofsf 2Ast= 3%
=3he AAAQ] R estes Gy v EFOR IFHo 4
Weol FaAoe] agHx Ak IR HIE 70%7F ZFEA
(collagen) o 2 o] FojA Ui A9 50%2 Mol F7]E F 80%
7 gl ow o]Folx glow, oleg ZFepdl AP o]t
=AY, UVASL UVBYl =Z5 RS of AR G&o] oA IF
w3t W oI REAte] HRE Y (Shin er @/, 2005; Lateef e al, 2004).
Matrix metalloproteinases (MMPs)E td A &= th2l A

E, Aot AE, SMAE T 22 AEEYYH EHEeE ZE
2 ool o EA AEHME A (Endopeptidase)® 54 pHolA =
gt maolrh ol d MMPse =49 34, o], 95, 9
=H AR es 2 F5 3 2 A A5 2 ¥ees 3Ay
W ZhE A #ostE Aoz dE A U FE2A FAA S V)
A EBolAdes TAR d9 MMPsit collagenases, gelatinases,

stromelysins, matrilysins, membrane type-MMPs 121 %X
A &2 MMPs T2z #F¥HY (Mignatti and Rifkin, 1993).
MMPs+ growth factors, cytokines, tumor promoters %
ultraviolet (UV) &3 22 ttdd o F A5dAke] osiA #d
"} (Fisher er a/, 2002). 3+ 35 A folAxoA UVel 23
=8 MMPse thekst @3S collagenoly © & AxE 72
(extracellular matrix: ECM)® 33 & #%35t7] W&o MMPs9|
42 5 w=stet "€ #AE 7HA 3 vt (Fisher and
Voorhees, 1998). MMP-12 type I collagenase°¢]™, MMP-13&



type III collagenase® UVAo] o9&} A3 wo] Fepa o =
ofste ow d#A Avt (Grimm ez @/, 2004). MMP-13} -13
o g zA-dL AP-1 (activator protein—1) HAF =2 &A 3} 9}
D #AVE dow, AP-19 &4 3st= AP-1 5FAE A st=
c-Jun 2 c-Fosel wdo] Fr7tEo=ZA dojdtt (Chen er
1998). AP-1 &4 9] F7k= MMP-13 -139] 2@ F7FAA A
Fo71d duide] Zga 2 % Adedd Fad 9IS du
(Bachelor ez a/, 2005).

Mitogen-activated protein kinase (MAP kinase) A& d& 34

=

2 MMP #Hde XFgsts s AX 75e 24dss 982
99 3ot (Robinson and Cobb, 1997). & A4 ®H o w=d

UV ZAF & MAP kinase cascade®} 72 protein kinase cascades
o] FX4S& FE3t= growth factor =& A S0 Ao Zek4
a7 StHE e AeE 4HA A}t (Fisher er @/, 2002, Fig. 1).

A A2 (reactive oxygen species, ROS)¢] 2A1& UVel ¢

3] =%+ MAP kinase-mediated signal transduction®] 2% %

ROS¢ &AL dAste EdE2 UVl 93
43 MMP-1, -13¢ 23S A= A
(Wenk ez a/, 1999).

Apigenin¥} luteoling 2@ 2olg2 FME usts SR~
(flavus)oll A freffd 2= Aa MAE oueiw, A9 o -39
g-duf-=7] Fol @weol 5o i & (flavone)E 71 %
Zt= Fg R o= EHolt (Chen ef @/, 2004, Fig. 2). Z&x
ol #Hd7] 2707F C3At&ES wizistel A33d C6-C3-C6% wh
AR Ho] o, ofzlo] o Tt oH= 2%
s wigAe Helz EAstes A7 ®Y (Sadeghipour er 4,
2005). W2 v FgtH o]t E FEAME R (anthoxanthins)

9} ¢tE Ao} F (anthocyanins), 7FHI 215 (catechins)E E&38}A

of
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T F2 YU E tEIMEFLS Fdo] =TS A s,
ZhEel Yol ApAoly AzME wA st FUUdol Hrh
Apigenin¥} luteolin &t &t -ggnlol ~-gdy=27] 2 FJAF

45 AYH, 54 79 vEuA ge Ao BHauxa 9l
(Kandaswami and Middleton, 1994; Bors and Saran, 1987,
Rice-Evans and Miller, 1996). =3 & Ao ¢lo] = A
AW RS AdAg T = AbAel d# AW A (Robak and
Gryglewski. 1988) apigenin¥} luteolin® ®H] %3 ZeH o=

BAL o] &% FAFAY AL L Bhol B B AHHo

o

= AAL 9

webd Ao A s A del s FrtE GANAFTHE 953
o Al 13 % 3% FAs Ealste &49 MMP-1 % -139]
g4 9 dgo] 3t apigenind luteolin®] oAl &3 2 &7 A
S T3] apigenin® luteolin®] A Ao ot I H w3 2L £

FoolAl mobE Al

o,
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Fig. 1. Model depicting solar UV irradiation damage to
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m-1. A 2 Ao

Apigenin, luteolin L 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT)< A]ZZw} A} (Sigma, USA.)ol
A FA38H9 3, SDS-PAGE gel & Invitrogen (Carlsbad, CA)ell A
T35tk anti-phospho—c-Jun¥ total c-Jun antibodyT Santa
cruz  biotechnologyA}oll A T3, c-Fos  antibodye
Calbiochem  (San  Diego, CA)°l A T g o, anti-
phospho-ERK, anti -phospho —JNK, anti-phospho-p38 andibody
= Cell signaling Technology (Beverly, MA)ol A % 35}% ¢}
MMPs &A1& =43l enzo-lyte kits Anaspec. Ltdoll A T &}
nom, DMEM, Lipofect AMIN 2000, FBS, L

penicillin-streptomycin solution& Invitrogen, Inc.ol A % 3} 91 t}.

m-2. Axe)g, Aok A2 R UVA =4

Human keratinocyte cell line HaCaT9] AlE8] %L 10% Fetal

bovine serum, 2 mM L-glutamine, 100 unites/ml penicillin, ZZ|

medium (DMEM)<S o] 83}o] 37C, 5% CO: incubatorell A 1l <3}
Atk 100 mm disholE 2 x 10° cells/mle] A ZZ  w]okslaL,
6-well plateol &= 35 x 10° cells/mle] AES wjFato] APl A}
£3FA . A8 A g+ HaCaTeol apigenin® luteoling 2tz t}oF
3 w2 st Ag" AlZ+= DMSO (dimethylsulfoxide)
o ZmPow, AgldE AFEE DMS09 HF FL7l 02%= 9A &

I 100 pg/ml streptomycin®] ¥ Dulbecco’s modified Eagle



itk UVA lampt CL-1000L (UVP, Inc.)= 9
365 nme WS zre=th wt @ AXE PBSE 13 Al F

H
S

o
a

sh2 UVAZ ZAbaich

|\
ol

0-3 AEXESA

Apigenin?} luteolin®] Ao st 544 ZASHZ] Y8l MTT
assayE 43 9th. HacaT A EZE 96 well plated] 2 x 10 o=
38l apigenin® luteoline 1, 5, 10, 25 uM=Z A 3gk ot 24
A7 % 2 mg/mle] MTTE Assith 447 5 FS A4S ve
1 dimethyl sulfoxide (DMSO, Merck)® %S welld 100 ul® 4
i 7#YsA £33 F Thermocycler ELISA Readerol A &3

o

540 nmol A FHAst] Axe FAEE txdtol e Ao
formazan 242 == olgle} o] ALEsEA T
M 3E =4 (Cell viabilaty) (%)

Absorbance of experimental wells % 100
Absorbance of control wells

N-4. FANA2%F (ROS) BA T =7H

r\l

HaCaT A *ZE 48 well plateo] FBS 0.1%9] wjokof o 4A] ZF
Aol wieks = oAl 01%°e Aol HrzkeE wiA el wj kst
apigenin?} luteolins 24 A AAHP sFAC. 24 A F Fo
2' 7'-Dichlorofluorescein diacetate (DCF-DA) 10 uM< 2z} wellol
EFoto] 302 soF A wEAZ F wiAE AAstL 01%9
FBSE #H7Ist wA = tAl btk UVA XA} & Excitation

2

495 nm, Emission 520 nmoll A 33 =73} t}.



0-5. MMP-1 2 -13 84 4 =3A

HaCaT Al E 48 well plateo] At wjeF % apigenin¥} luteolin
S 24 ANZF A APt PBSE 13 A AT & UVAE ZAbsha,
24 N Fo A5 AE 34ste] 10,000 rpmoll A 53 AAEE
3tk 96 well plated] A= 50 w¥} HF FE= 1 mM

4-aminopherylmercuric acetate (APMA)E 4 Z HoeE ¥
MMP-1 &4 842 37ColA 6 A3 ¥k8 Al7]11 MMP-13 &4

GdL 37ColA 40 3 "3 A AT, 22 Alzto] AW %
MMP-13 MMP-13¢] & st 714§ 4S Hristo] Hole F
Excitation 340 nm, Emission 490 nmol A 3

2 MMP-13 224 24 A} a3s S48

ot
N
ol
_O|L
2
=
=
7

[
ol

O-6. MMP-1 3% -13 x4 28 5

MMP-1 3 MMP-13¢] #d# &d A Zd}E FAbetr] 96t
o] HaCaT Al*e°| apigenin¥ luteoline 24 A7+ A A2 star PBS
2 13] AlFH F UVAE ZAbsto] 24 A3 o] wj kst Al E 4M
guanidium thiocyanateol] §3JAlA A AE W RNAE &2 &9l
< RNA 0.2 pngs 05 pg9 oligo d(T) primer (18-mer)% 2.5
mM dNTP, 1 unit GHAb 45 o] &ate] 42TelA 90 #3F 1k
$A7A cDNAE @A oldEA FEF cDNAE o] §5fof
MMP-13 -13 42l 5o]4 primer (Table. 1)& ©]&39
PCRE F33AT. 3% ¥ MMP-1, -13 ¥ GAPDHE 520, 395,
a8 983 bp A7]IE 1% agarose gel (1 x TAE) oA
Ethidium Bromide (EtBr)& AbF&3te] &stdtt. dA719s £
image analyzer system (KODAK)¥ PC image analyzer (NIH

Imager) S A}&35te] A= 819
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Ap-1 gened HAALZA HAE 3 copyE FAGe] Zgan=E
Luciferase’t W@ =+ WMEE o] &sto] Azt o] Egam=
= Z coliPl A A3 A7 & antibiotic resistance= 7}Z colony
& g Wtk ColonyE @ ste] Fdban=s AAT & Al
g4 A gste] agarose gelol A #9159 2 sequencingS &3
A Zek2v = constructE B TH

=7

@ AP-1 Luciferase@4 =
HaCaT cellsS 25 x 10°cells/ml®] ¥ %2 0.1% FBS7F 3%
DMEM Hj Ao platingsttt. 24 A7+ H PBS=Z 23 A A3t

LipofectAMINE 2000 o] &3to] FAA3 A ZTh S Ao 0.2
©gd pCMV-B-gal, 1 nge AP-1-Luc, LipofectAMINE 2000 Z}
wellol ¥& 5 4 A A8 ARG 4 AgF 5 Al Zol 0.1%
FBS7} 3% DMEM &®jA°]| vehicle, apigenin¥} luteolinS 3]
st Th 24 Al wlFS W % PBSE 13 Al#H3sa UVA XA}
% 0.1% FBS7F &% DMEM iAol wjekstsict. 12 AlF H ol
AEESE 83t PBSE 39 A#H 3 lysis buffers 235t 3
Ad e 55 Ye-dles AA AExE st 12,000 xg, 53¢
AR o] AE FEES Ao Luciferase AT SAH A

sl

_llN

%

O-8 c-Jun 2 c-Fos +4A =4

Ay

=4

c-Jun He-Fosdl fAA wd oAEnE xAs7] 98kl



HaCaT Ao apigenin¥ luteolinS 24 AlZF A A3t PBSE 1
3] Az & UVAE =2Aste] 24 Al 3o wjeks NEE 4M
guanidium thiocyanateol]l &3fAlA A ME U RNAE 289
% RNA 0.2 ug2 05 pge oligo d(T) primer (18-mer)$ 25
mM dNTP, 1 unit GHAF 45 o] &ate] 42TelA 90 &1 wF
< A cDNAES FAstAv. ol=2A d4d3 cDNAES o] &3]
c-Jun # c-Fos A2 5o]4d primer (Table. 1)& ©]&3}¢]
PCRE Fdadvh. %% c-Jun, c-Fos ¥ GAPDHE 520, 395,
a8l 983 bp A7]IE 2% agarose gel (1 x TAE) oA

Ethidium Bromide (EtBr)& A}&3te] 139t #A7]dFs

b

—

¢

image analyzer system (KODAK)¥ PC image analyzer (NIH

Imager) & AF83to] A= s}

N

M-9. c-Jun @ c-Fos ©MA vy =A

Az vk s AAsL 1 x PBSE A= F lysis buffer
(50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1 mM
EGTA, 10 puwg/m¢ aprotinin, 10 uxg/m¢ leupeptin, 5 mM
phenylmethanesulfonyl fluoride (PMSF), 1 mM DTT)E o]£3}9]
4 CollA 302 & RESAIAA sk skar, 12,000 rpmoll 4 10 &3t
AAdE st ASde . dWMd A% Bradford
methodZ S 339t T3 @A S 10% SDS-PAGE gel
(invitrogen, Carlsbad, CA)& Z il polyvinylidene fluoride (PVDF)
membrane®] 90 V& 2|7t &< transfer AZ T} ©] membranes
1 x TBS/T buffer (20 mM Tris-HCl (pH 7.6), 137 mM NaCl,
0.05% Tween 20)°l =<2 5% skimmed milk® F=°Al 1A]7F &
o} blocking Al 72l & Z+Z+9] antibody 52 1 : 150002 3] 4] 35}e] 12
AlZF WAl FH Y. 1 x TBS/T buffer® 1084 3H Ao]F1,
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p—c-Jun® secondary antibody@®l anti-goat antibody®} c-Jun %
c-Fos? secondary antibody%l anti-rabbit antibodyol T+ A7+ &
b WHE A TE c-Fos®o thxa @@ 24 acting AFE3EATH 1
x TBS/T buffer2 104 3 AlH3g F ECL solution A%}

solution BE AF&3te] dAA3HY

I-10. MAP kinase &4 =3A

Azl wiFas AASIL 1 x PBSE A ojF & lysis buffer (50
mM Tris-HCI (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1 mM
EGTA, 10 uwg/m¢ aprotinin, 10 uxg/m¢ leupeptin, 5 mM
phenylmethanesulfonyl fluoride (PMSF), 1 mM DTT)E o°]£3}¢]
4 CollA 302 & RESAIAA sk skar, 12,000 rpmoll 4 10 &3t
dAaEdsted AF5ds Faedn. ¢Md A= Bradford
methodZ S35t T3 @A S 10% SDS-PAGE gel
(invitrogen, Carlsbad, CA)< Z 3 polyvinylidene fluoride (PVDF)
membraned] 90 V& 2A]7F &< transfer AlZTh ©] membranes
1 x TBS/T buffer (20 mM Tris-HCl (pH 7.6), 137 mM NaCl,
0.05% Tween 20)°l =<2 5% skimmed milk® =°A] 1A]7F &
¢t blocking A1 2l ¥ Z}7}e] antibodyE& 1 @ 150002 34 5}e] 12
AlZF gAY 1 x TBS/T buffer® 1084 3H Ao]F1,
secondary antibody¢l anti-rabbit antibody®el F A1ZF F9¢F HF$A
Atk thAl 1 x TBS/T buffer2 104 3 A< % ECL solution

A%} solution BE AF&3le] &A3+
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O-11. 5 A73%

EAGA 9
Agstgon, p
o}

L=}
RN

3

S|
A

4

AL one-way ANOVA with #test W<
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size

Tm

Gene Primer sequence (sense, antisense) (bp)| (C) cycle
5-GAT/GAA/TTC/TGA/AGG/TCG/ GAG/TC
A/ACG/GAT/TTG/GT-3

GAPDH 983 | 60 | 25
5-GAT/AAG/CTT/CAT/GTG/GGC/CAT/GAG
/GTC/CAC/CAC-3
5-GGA/GGG/GAT/GCT/CAT/TTT/GAT/G-3

MMP-1 520 | 62 | 26
5-TAG/GGA/AGC/CAA/AGG/AGC/TGT-3

MMP-13 5-TTG/TTG/CTG/CGC/ATG/AGT/TCG-3 205 | 60 | 30
5-GGG/TGC/TCA/TAT/GCA/GCA/TCA-3

I 5-GGA/TCA/AGG/CGG/AGA/GGA/AG-3 1961 55 | 30
c—Jun
5-GCG/TTA/GCA/TGA/GTT/GGC/AC-3
_Fos 5-GGA/GAA/TCC/GAA/GGG/AAA/GG-3 339 | 55 | 30

5-GCT/TGG/GCT/CAG/GGT/CAT/TG-3

Table 1. PCR primer sequence

_13_




whol, Miul-DMa& &
1 a8

Lol
it

PGL3 Luciferase

3copy transcription factor

pGL3- transcription factor
Reporter gene

Fig. 3. Construction of the reporter gene plasmids. Three copies
of each transcription factor binding sequences w ere inserted in

theMlul and Xholsite.
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m. 23

M-1. Apigenin® luteolin® A E5A

apigenin®} luteolin®] A ESAo] gle F%E Fstr] fsto]
Human keratinocytes® HacaT celldl 3-(4,5-dimethylthiazol-2
-yl)-2,5-diphenyltetrazolium bromide: MTT WH-& o]&3to] A X
=9 ol g tl. Human keratinocytesol A apigenin¥} luteolin

o MTT assays 3% 2% AX A= 4 vAA &

rlr

FEE Fig. 40 B A= vk} 2 o] apigenin¥ luteolin® 10 pM
THAl A E=A o] YeA kdkew (Fig. 4), 2 dAFoA = 5 uM
7} A 2] 8F 3 T
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120 --o-- Apigenin
—n—Luteolin

]

100
80
60
40.

20

Cell viability (% of control)

0 T T T T T T T T T
0 1 2 10 25
Concentration {puM)

Fig. 4. Effect of apigenin and luteolin on cells viability.
HaCaT cells were treated with the apigenin and luteolin for 24
h. Cell toxicity was estimated using the tetrazolium salt
reduction test (MTT). The result are presented as means + S.E.

of triplicates.
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m-2. 244 4F (ROS) B A 9F

iic]

ROS9 &AL UV 93 FE%5+= MAP kinase-mediated
signal transduction®]l ZAA A 9gs F, ROS7F LA
MMP-19] 2@o] F7ps i, o]# gk ROS9 &4& As
AEL UVl 98 Fx¥s MMP-1, -139] 2d& A7 =
Ao 2 d4dHA At (Wenk ef @/, 1999). H = Aol A, in vivo

AdS Ea oA i UVE ZAFSEH H.0. levelo] &2 a4

<)

rlr
i

=
Z7Fstl o, ROSe] %7] %7} MAP kinase cascadeE %

stAl H+e=d  o]o  dAakE Al (Genistein, N-acetyl cysteine
(NAC))E =A2x2 s MAP kinase pathway? ZA 3= Ao
A Eo=H UVel 93] =% MMPs expressione & #| A %1
tt= 27l Ao (Kang e @/, 2003). Apigenin® luteolin®
ROS Alds dAlassE =xAst7] #ste] HaCaT Al
apigenin, luteolin ¥ positive control?l NACS UVA ZxA}3s}7)
Aol Agg A3, UVAel o8] F7te AlZd ROSe A o]
apigenin¥} luteolinoll ¢ 8] A= ¢t} (Fig. 5).
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1.2 -
72)
=]
P4
E *
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Fig. 5. Effects of apignin and luteolin on UVA-induced cellular
ROS production in HaCaT cells. HaCaT cells were treated with
apigenin and luteolin for 24 h and then the cells were exposed to
15 J/cm2 of UVA. ROS production was measured after irradiation.
Each bar shows the mean * S.D. of three independent experiments,

performed in triplicate. "2 < 0.05, significantly different from the

UVA irradiation control.
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m-3. MMP-1 % -13 &4 24 A3

MMP-12 type I collagenaseo]™, MMP-132 type III
collagenase® UVAo| ofs @A ste]o] Zetal Zafoll #Hofst= A
o2 4HA Qo (Grimm e @ 2004), ZFAAE, HFIAx 2
ASA AENA UVAC osf frr=s® MMPs (MMP-1, 13)9] <7}
2 s FalHs AxgrIEdY AR E4S AN 24 E4 H
w=ghob A AR ddel i wase] vk (Uitto, 1986).
Apigenin¥} luteolin®] UVl 9% I{ w3} 2 &4 A4 g3=
Tzl fstel MMP-1 ¥ -13 84 &4 Adagds A5
t}. HaCaT M X E o] &3}o] apigenin?} luteoling 24 Az # A
7 & UVAES ZAFsg ow 24 A7 & collagenase assaysS 3
3t A3} Type I collagenase$} (Fig. 6) Type III collagenase?] &
) o] apigenin¥} luteolin®] & &= J&EH o=z A& At (Fig.

7).
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Fig. 6. Effect of apigenin and Iuteolin on the type I
collagenase activity. HaCaT cells were treated with apigenin
and luteolin for 24 h. The cells were then irradiated with 15
J/cm2 of UVA and incubated for 24 h. The level of collagenase
production in the culture medium was determined by enzo-lyte
system. Each bar shows the mean = S.D. of three independent
experiments, performed in triplicate. 2 < 0.05, significantly

different from the UVA irradiation control.
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Fig. 7. Effect of apigenin and l[uteolin on the type III
collagenase activity. HaCaT cells were treated with apigenin
and luteolin for 24 h. The cells were then irradiated with 15
J/cm2 of UVA and incubated for 24 h. The level of collagenase
production in the culture medium was determined by enzo-lyte
system. Each bar shows the mean = S.D. of three independent
experiments, performed in triplicate. 2 < 0.05, significantly

different from the UV A irradiation control.
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M-4. MMP-1 2 -13 34 &3 99=A

MMPs+ growth factors, cytokines, tumor promoters %
ultraviolet (UV) &3 22 gk o5 A= ate] oA -3
Hv} (Fisher es a/. 2002). T3k I H A fFolHLo|A UVl 23|
FE=8 MMPs9 t}ekd 2dH2 collageno|t ©E AXE7] A
(extracellular matrix : ECM)® 33 & #%3t7] wi&ol MMPs®]
g4e 5 wste} WP #AE 7FAx Aok (Fisher and
Voorhees, 1998). Apigenin¥} luteolin® MMP-1 ¥ MMP-13 + 3
A owkd o] gk S 2ASH7] H8te] HaCaT Al X apigenin
¥ luteoline 24 A|ZF dA et UVAE ZAbstAth. Serum-free
mediaZ WAL 24 A ZF Fo MMP-1 ¥ MMP-13¢] 4} g
A5 RT-PCRE o]&ste] FAT A3, UVAL 93] S7HE A
MMP-1 2 MMP-13 F3 2 @& o] apigenin?} luteolinell <3l 7+
A3kt (Fig. 8).
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Fig. 8. Effects of apigenin and luteolin on UVA-induced
MMP-1 and MMP-13 mRNA expression. HaCaT cells were
pretreated with apigenin and luteolin for 24 h. The cells were
then irradiated with 15 J/cm2 of UVA and incubated for 24 h.
Cells were lysed and total RNA was prepared the house keeping
gene, GAPDH, was preformed for each sample. The PCR
products were electrophoresed in 1% agarose gel and stained

with ethidium bromide.
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-5 AP-1 AAAA FA =

UVA°l 9ofa) 3 FAT Ao A ROS7E F7FstaL, & 7Fd ROS7F
A Z AALeI ARl AP-1(activator protein-1)¢] @4 == F7FAA
MMPs® 2ds F7HAZ2 4 A= Aol W Fo (Brenneisen e
a/, 1997), apigenin¥} luteolinol] 2|3+ HAel = AP-19] AA} &A
AA FHE FostHrt. HaCaT AME] 3 copy Ap-1 luciferase
W E E Lipofectamines ©]$3}%] transfection Al 71 ¥ apigenin %
luteoling 24417 A gleba, AP-1 AALEA S F71 271 UVA
2 %A}slo] AP-1-luciferase reporter gene assays 33}
I A3 UVAC o8 71" AP-19 #AAL &4 =7 apigenin
luteolin®l 2J&] ZAastuch (Fig. 9).
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Fig. 9. Effects of apigenin and luteolin on UVA-induced
AP-1 promoter activity. HaCaT cells were transiently
co-transfected with pGL3-AP-1-Luc and pCMV-B-gal. After 18
h, cells were treated with apigenin and luteolin in serum free
medium for 24 h and irradiated with 15 J/cm2 of UVA. After 12
h, cells were harvested, and then luciferase and B-galactosidase
activities were determined. Each bar shows the mean + S.D. of
three independent experiments, performed in triplicate. "2 < 0.05,

significantly different from the UV A irradiation control.
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M-6. c-Jun ¥ c-Fos v+ AA &d

UVA°l 93] =¥ AP-19 &43t= AP-1 HdAE FAdst=
c-Jun ¥ c-Fose @do] Frtgo=zA dojyr 2 (Chen er 4.
1998) UVAel oz F7F=dd AP-1 A& =7} apigenin 7}
luteolinell 9J8] Zadt= 2E &9 F (Fig. 9) AP-1 HAFRIAL
3 2= c-Jun ¥ c-Fose FHA &d dAaHRE =AFS
7] 935ko] A Eo| apigenin¥ luteoline 24 A+ A A glstx2 UVA
2 ZAeA Y. Serum-free media® A 5FaL 24 A 7F Fo c-Jun
2 c-Fos 9 frda 2dS& RT-PCRE ol&3tel FA4g A,
UVAd 98] 7159 c-Jun 2 c-Fos &2 @& o] apigenin

7} luteolin®l 93] #ZA3Ht (Fig. 10).

o2
o
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Fig. 10. Effects of apigenin and luteolin on UV A-induced
c—Jun and c-Fos mRNA expression. HaCaT cells were
pretreated with apigenin and luteolin for 24 h. The cells were
then irradiated with 15 J/cm2 of UVA and incubated for 24 h.
Cells were lysed and total RNA was prepared the house keeping
gene, GAPDH, was preformed for each sample. The PCR
products were electrophoresed in 2% agarose gel and stained

with ethidium bromide.
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M-7 c-Jun @ c-Fos &9 d &

UVl 93 =%+ AP-1 activation® MMP-1 promoter?]
AP-1 AgH-217F 9lo] MMP-1 2&o] Z7sd AP-1 activation
% Z7}ekAl ¥tk (Brenneise ef @/, 2002). AP-1 &&= Jun¥}
Fos A&A=EZ FAHo 9g+=d (Karin, 1995 Whitmarsh and
Davis, 1996), apigenin¥} luteolin®] UVl 23] #+ %%+ c-Jun
phosphorylation/expression ¥ c-Fos expression &#] &a34& %
Atet7] #1a] HaCaT Al Eoll 24 A3F AA 2] &3 UVAS XAS
A3 UVA9l 93 c-Jun phosphorylation/expression % c-Fos
expression®] =7}dt 2™, apigenin luteolinol 2l& c-Jun

45}

Y

phosphorylation ¥ c-Fos expression®] &% o&4 oz

= AL s (Fig. 10).
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Fig. 11. Effects of apigenin and luteolin on UV A-induced
c—Jun and c-Fos expression. HaCaT cells cultured in DMEM
until 80% confluent and then starved with DMEM containing
0.1% FBS and treated with apigenin. After 24 h, the cells were
washed with PBS and irradiated with 6 J/em® of UVA in PBS
Irradiated cells were cultured for I0 h. The cells were lysated
and subjected to Western blotting using c—Jun
phosphorylation/expression and c-Fos expression. Levels of total

(t-) ¢—Jun and actin were used as loading controls.
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M-8 MAP kinases &4

Mitogen-activated protein kinase (MAP kinase) Az d& I}
2 MMP @do] ¥3tx = teet Axd 7ess 243 985

g3t Aoz ¢HA 9v (Waskiewicz and Cooper 1995),
< A Hao mEwW UV FA & MAP kinase cascade®} 22
protein kinase cascades® &4& F X3l growth factor 48 A
ol @A4stHo] oA Fart FEE Aoew dHA Ao
(Fisher ez a/. 2002). Apigenin¥ luteolin®] UVAe°] 3] HFL¥H+=
MAP kinase &4 A a31E =437l 935t western blotting
S Y3 23 UVAl 93] =% ERK, JNK % p38-dependent
MAP kinanse &4 ¢] apigenin (Fig. 12)3} luteolin (Fig. 13)°l <

B AAHE A4S Bt
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Fig. 12. Effects of apigenin on UVA-induced MAP kinase
activity. HaCaT cells cultured in DMEM until 80% confluent
and then starved with DMEM containing 0.19%6 FBS and treated
with apigenin. After 24 h, the cells were washed with PBS and
irradiated with 6 J/Cm2 of UVA in PBS Irradiated cells were
cultured for 30 min. The cells were lysated and subjected to
Western blotting using phospho-specific (p-) ERK, JNK, and
p38 antibodies. Levels of total (t-) ERK, JNK, and p38 were

used as loading controls.
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Fig. 13. Effects of luteolin on UVA-induced MAP kinase
activity. HaCaT cells cultured in DMEM until 80% confluent
and then starved with DMEM containing 0.1% FBS and treated
with luteolin. After 24 h, the cells were washed with PBS and
irradiated with 6 ]/cm2 of UVA for in PBS Irradiated cells were
cultured for 30 min. The cells were lysated and subjected to
Western blotting using phospho-specific (p-) ERK, JNK, and
p38 antibodies. Levels of total (t-) ERK, JNK, and p38 were

used as loading controls.
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B ol A vdes 349 dFQ AL Abde] d 59 vj9- o
HotAl AT BFd A el wek AR, A9, e
Aoz yxled 2 5 e 7M1 2 F3FE A= Zo| vz
ko) Aol Ao I gtAo]l X1 AFEH UVA (320-380 nm),
UVB (280-320 nm), UVC (200-280 nm)Z Yy ¥ o] A &=d o &3
TR P FE 22 UVA, UVBelth (Ho, ef a/, 2005; Moon,
et al, 2005). HEAQ UVAel o7 37 E4ome 35 7AF
of Webd Mo FrtE 57 HAAAY, 9o Afd
A7 =35 FHAZY. UVBel 93 ¥i &ozs vi o
= 5] 9vt (Tanaka er @/, 2005). A= ZHAAE, HIAxE 2
A5 MEA UVA 93 X8 MMPs (MMP-1, 13)¢] S7F
2 8 BalEe AExrIdY Fx E4S A5 24 &4 4
=3ke} ZAH A Aol Adrtm His o] gtk (Uitto, 1986). L wt
Ao 2 UVBe A A xddA MMP-1, MMP-3 181
MMP-9¢] 2dS FE3ts Aoz d#HA o (Fisher e &,
1996), UVAE 399 9o MMP-1, -13 59 2dE& fri=dt
= Aoz dHA Ut (Chung e @/, 2002).

Apigenin¥} luteolin®] UVel 2] =7 w3} 2 &4 o4 a5
ZA 87 9@l apigenin®  luteolin®] UVA ZAME ¢ld) =714
MMPs &4 24 32 Fdx 2dd dd IFS =AE 4

UVA ZAt2 3] £71¥  collagenases (MMP-1, -13) &4 &4
2 g o] apigenin¥ luteolinell 23 #HAFHE AL A
(Fig. 6, 7, 8). Mitogen—activated protein kinase (MAP Kkinase) Al
TAY FAFE MMP Hdo] ¥3dH= vddd Axd Ve =4
ste 9%s w@dste Aow dHA 9 (Waskiewicz and

Cooper, 1995), H = A3 H o mr2H UV ZAF & MAP kinase

o
2

b
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rr

cascade®} 7> protein kinase cascades? ZAE HFLE3}
growth factor =8 A0l A stso] Fepa Fa7F S7tsE &
o2 geAd vt (Fisher er @/, 2002). Apigenin® luteolin®]
MAP kinase &4 A 2315 5437l 93+ western blotting
S 33 A3 UVAO 98] =% ERK, INK ¥ p38-dependent
MAP kinanse &Alo] apigenin®] oAM= TASHA @k,
luteolin®] 931 ERK MAP kinase &4 ¢] A5+ 2& 2lstdd
o} (Fig. 12, 13). &4 AFA % (reactive oxygen species, ROS)<¢]
Ay Uvel o8

X5+ MAP kinase-mediated signal
transduction®] ZA#A A 9

&& &, ROS7F A HW MMP-19]
wao] F7FH AL, o]y ROSY #A4E dAlstes EHZES UV
oF fred= MMP-1, -139] 2@ AAA 7= Aow d#A
Attt (Wenk er @/, 1999; Lo and Cruz, 1995). = dFolA <A
5o UVE ZAFSHH Hz0: leveloe] wA3HA F71std 2™, ROS
%7] #7}= MAP kinase cascadeE #W3&tA =t oo T

s =AaAgsH MAP
kinase pathway®] AI3lE AojstA Bo=zX UV 93 =%
MMPs expressiong 9AAZIYE= 27l 9 (Kang et al,
2003). ¥ Aol A zHE A EF HaCaT Al Eo] apigenin¥
luteoline UVA ZAbst7] Aol Aejgd A3 UVA oz F7k€
MEW A AAFe FAo] JA|Ho apigeninT luteolin & Al
st a9 eSS eA Y. MMP-1, MMP-3 ¥ MMP-9%}
2 ke MMPso frda &de AP-1 AP 24 Aol ¢
sl Z#d= v (Rittie and Fisher, 2002), AP-1 #4° Z7te=
MMPsoll 2] AMxe]7]d w¥d (ECM protein (collagen))E ¢
Aeto] Fo3 9382 3t} (Bachelor ef @/, 2005). ¥ Aol =
olA Z+A A X9 HaCaT Al X0 apigenin¥ luteolin® UVA %
Atet7] zl ol | 2] gk A 3 UVA©°| o] & c-Jun

phosphorylation/expression ¥ c-Fos expression®] %% i, o] &

o

o &

A3k A] (Genistein, N-acetyl cysteine)Z

Oll
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AP-1 X435 oA 7= AL &5 o™, apigenin¥} luteolin
o] UVA°ol 93l F7}3% c-Jun phosphorylation % c-Fos
AAsta, A= UVl s fFx=€ AP-1 43 =

expression<

AAA 7= AS FAdsA T (Fig. 9, 10, 11). UVAd ==F% I HF
Ztd A EAA Y ¥ MMPs (MMP-1, -13)el s Fehalo]
Ea o] IFE £Ao] fFuFHEU, B A3 A gpigenind
luteolin® A ¥l UVAl 98 #Fx¥+= MMP-1 % -139 34
g4 2 A 2dEs dAAIA UVAC 93 of7jx = 5 a4
20 E4E BIisAY HAAAE F s Adow AEEY. ¥
=

BN
Aoz 3sstEdyeE gy =A4o gl AAALAQJ] apigenin
A
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