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Protective effects of epigallocatechin—-3—gallate on

UVB-induced damage in human Keratinocytes.

Hye Mee Kum

Graduate School of Education

Pukyong National University

Abstract

Ultraviolet B (UVB) irradiation is an important inducer of several biological
changes in skin, including sunburn, premature skin aging, and ! skin cancer,
which are mainly mediated by direct DNA damage or production of reactive
oxygen species (ROS). The increased generation of ROS' by oxidative stress
can cause the" disruption of natural defense mechanisms. Green tea is a rich
source of polyphenols; ~and epigallocatechin-3-gallate. (EGCG) is a major
constituent of green~tea polyphenols.. Benefical effects of green tea on
anticancer and antioxidant properties. have-been mediated by EGCG. In this
study, effects of EGCG on cell proliferation and UVB-induced apoptosis of
human  keratinocytes  (HaCaT) were determined with  UVB-induced
keratinocytes. We demonstrated that EGCG can stimulate the proliferation of
the UVB-induced HaCaT cells with dose-dependent manner. EGCG increased
the phosphorylation of ERK and Akt proteins. Futhermore, EGCG increased
Bcel-2 protein expression but decreased Bax protein expression after UVB
irradiation. EGCG increased translocation of Nrf-2 from cytosol into nuclear.

UVB-induced apoptosis is suppressed via decrease of -cleaved-caspase—3



followed by reduced cleaved-PARP by EGCG treatmant. Moreover, EGCG
decreased phosphorylation of JNK and  p38 proteins. In conclusion, high
antioxidant activity EGCG promotes the survival of HaCaT cells through the
activation of protective cell signaling mechanisms and inhibits UVB-induced

apoptosis via suppresion of cell death signaling mechanisms.
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t} (Donald et al., 1987; Brenner and Gschnait, 1979). UVB+= UV ¢F 4
~5%0°l BE AT UVAC Hlste] 10008] o]/de] dFshds o

7HE AEE adholr fH5A ol Al (Sovobodova et al, 2003) A -4

AEA JFde] Faddel oF 90%E AFA| gkt (Koh, 1995).
T AFAY A o3k 34HES- sunburn cell ¥4, #Ee -
3t d4S dodle 7 e LA A = A HgAd AL YT

=
(reaction oxygen radical)= £33 Att (Stewart et al, 1996, Frenkel,
1992; Kensler and Taffe, 1986 ). WF-5-4 AtA oz whula o] wiA o]
W AAE A Aol A4St -DNAS 3 S5 oA LA HAY AT
AR S-S e, A Z3td 9% FAY AEe] 71d @
A YAl Toste AsHdEAAY WslE St (Seo et al, 2001).
291 AL 3 RS A Btz BAS AAlstAY vk AbA 2

Uz AASH:E  $4EeEAIQl superoxide dismutase (SOD), catalase,

2
o,

glutathione peroxidase, H]E}IY C, Y| EHl EE 593 sunburn cell?] 3
g, Fxsh) g Rek dA sl AAETIL dH A Tk (Petkau et al,
1975; Miyachi et al.,-1983; Danno et al., 1984).

HAE s HERE opAJolAFol A e e dY] FE&ER AR
A QD FAkstA o, HAk= A3 (Theaceae) @] 7505

(Thea sinensis L.)°] oSS Al7|E= AHH 7les As F25 @
U AEsAor mxs AuFo oy odde FH (59(4/20) THE)
(5/6) kool A FH st AbstaAE Hste] HEE YAAZ Aom bd
3] HEAZ FAkek vkE B g A7l v @ g Apel FHEste] 2531 Tt (A
2], 2003).

E2ke]  FAkss>  FAbol] ¥l polyphenolel  ©]st™  flavanols,



flavandiols, flavonoids 1] il phenolic acids < 3t} (Kim, 2004).
£3] polyphenol $F=Fel ¢F 70% ol4<S AA|stal Q1= catechinF+&
flavan 3-ol T7x9 3FEZA, T4 F&AoH 3k Iitst 5& 7HA

i v B w3 549 aHAd &3%s A$s™ (Khokhar and

stal #4kslE (superoxide)®] HAdS At ek d4bsts (Hyon and
Kim, 2001; Crespy and Williamson, 2004; Giugliano et al., 1996) ©]<]e]
= I4A3AE (Hara et al, 1987) 2 49 S A4 (Yayabe et
al., 1989)5 A7 Al Agko] o] g3 e}t A d3ts 2y
(Hodgson et al, 1999; Van et al, 1999; Kuttan, 2002)7} A= Aoz H
nETh Eek dF FYl2HES AskAlZlal (Hyon and Kim, 2001), -&
MEske] g4 st A loem dF Fo] ANFAEEE ATA7L
FAA A WS JASke] BIRES AR EAE#AY] AFgEE FX
A2t (Pack'et al, 1997). Zitoll ahEbe|E]| o}, &vtol ez ahdhebabg& 9

ol
ol

g29E /A E Aoz B st (Katiyal- and Mukhtar, 1997, Santosh
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Hl £, olwzg, dds 2
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ol

= S s R e R S e g
et al., 1993). 52 <9 F2 JFEZS (-)-epigallocatechin 3-O-gallate
(EGCQG), (-)-epigallocatechin (EGC), (-)-epicatechin 3-O-gallate(ECG),
(-)-epicatechin (EC), (+)-gallocatechin (GC), (+)-catechin(C)%©o] ¢loH
(Lin, 1995) L F°lA EGCGe= @4tstrlso] 7Hd A3 Zox 37ty
A Y (Fig. 1). &siAl= de] o] &%= vley EXE 258, HER C
Bt} 1008 B &%°] vt (Kang et al, 1999). HAlo] i LoixsE E
Bawo] vhedh

e 2 e =dE A Al A I /8 R 2 71 B

A FAMEANA apoptosisE 238 FEste FdE

H

fol



2 A7 &ts] H& Fol vk (Wei at al, 1999; Mukhtar and
Ahmad, 2000).

E3] AA e} 9o Al epidermal keratinocytes A 714, dA4# o
2 Ao ¥ wholy g} chemicals X3 tpde 4% 9 s ~
g 2o =% 9t} Human keratinocyte (23 A X)= wu 2 o]
3lgk AF=oll apoptosis7t doluAU, A ko AET S 9l
Az AES /A gt} (Dicker-Cohen et al, 2003). Human keratinocyte:=
B9 E TAGtE 7MY FE AEE A4AS FAS 9FE BIste Ve
ol elol| = o & Apo]EF}Sl (cytokines)S AJAFEle] Thoksl A EwbS-mp W
AREG ol ok Erb oty k.S 9 ALl Aol = wojgitt (Lee et al,
2005; Sesto ‘et al., 2002; - Lemaitre et al., 2004).
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& MAPK (mitogen-activated protein kinase)®] &A3}l= w723k th=
olt} (L 9], 2006). MAP Kinasei:= AIX <F-o| A A¥E o 3o 29
ARAGS "F9ste To% AFEH AsdE Alxde] vz ERK
(extracellular signal regulated protein kinase), p38, JNK (c—Jun
N-terminal kinase)¢] A 7}A A=Z= FAHo] 9tt (Verheij et al,
1998).
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TR Ve 2EH 2 &3 dd e AES 7 T AAA F2 A
FAPE S friste] E4E AEE AAL AAAE AAS= slolth (&
9], 2006). ERK®= Aol S243 ZE3tato]

o, W3 p38E o ~EY X o3 @43 Y
9} apoptosisE ZA3}al (Eckert et al.,, 2002), JNK+=

Al 9% WkS3 #B#HE W activator protein-1 (AP-1), CO

Z7F A7l Aoz wBIUFEI 9 (Bachelor-. and Bowden, 2004).
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Caspase family 3k AT AL S T3 AEAIES HPst= Aoz &
A4 AT (Cemeli et al, 2002). 3HpiE o2 AMEYE7IAT shtes
PI3K (phosphatidyl-inositol 3-kinase) pathway©|t}. ©] kinase cascadei=
dde F83 S wAIES &43A7]H Akt (serine /threonine
protein kinase)d =9 A stE 3l AEAIE S A& st Baxo o
(2 €], 2006).

T3 UVB A=s o ol4d BabshAl7F gloj= AW itst Al
go] 7hgo] "ok 7] stuE Uil FAkskAQl SOD, catalase &
o] #itsl &Aaol o]l FUESHAl HedH olAde xAsteE Tl ol
Nrf-2 olt}. o9 A=omiy Axde] Nrf-27F &A4stsan 2%
UE keap 1 @A} FjEHA Nrf-27F 3 ¢to= o] F3}
antioxidant response element (ARE)®} ZAgste] SOD, catalase,
hemeoxygenase-1 (HO-1), NAD(P)H quinone oxidoreductase 1 (NQO1),
glutathione S-transferase A2 (GSTA2) 59 @A ES AAS} o] o
NA=2 UVBEEH AAE ROSE AlAse] A2E HEgt} (Hirota A
et al, 2005).



olgjgt Al AT dAd A=l izt EGCGe = el #ete] o A+
So] Buxal v} (Chung et al., 2003; Santosh et al., 2001; Hisayoshi
Kondo et al., 2004). wg}x 2 AFo= Yo A Z3}ES vlgo=w
3ol human keratinocyte®l HaCaT celld]l UVBE ZA}ste] Q¢ o=
ZEH 25 Holgte] ROSO S =¥ ¥, EGCGY Fo& HaCaT
AN dojup= AEAE B A FANE A st Ao G A A et
Al gkt
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Figure 1. Chemical structure of+(-)epigallocatechin-3-gallate (EGCG)



1. A%

Dulbecco's modified Eagle's medium (DMEM), penicillin-streptomycin
Lo 025% tripsin-EDTA, fetal bovine serum (FBS)E= HyClone
Laboratory Inc. (Logan, UT)=Z%¥ “Julststt. MTT (methylthiazole
tetrazolium), DMSO (dimethyl sulfoxide), HBSS (Hanks " balanced salt
buffer)+= Sigma Chemical Co. (St. Louis, MO) =58 s} $t}. Protein
standard markeri= BIO-RAD Laboratories (Hercules, CA)2] A< Ab-&3}
%9 2™ enhanced chemiluminescence (ECL) detection kiti= Perkin Elmer
Life science ' (Wellesley, MA)ZX¥ Fujstict.  pAKT, Akt, ERK,
pINK, pp38, PARP, caspase-3, Nrf-2, p—p38, Bcl#2, tubulin ¥ actin®] 1
2} kA 9F 22} A= -Santa Cruz Biotechnology (Santa Cruz, CA)=5-H
Tujstdth. Cleaved caspase-32F pERK+ Cell Signaling Technology
Inc. (Danvers, MA)®] A& AF&3F3th  1,1-diphenyl-2-picrylhydrazyl
(DPPH) + Signaling Chemical Co. (St. Louis, MO)¢] A& AM&3F 1L
L-ascorbic acid¥ Shinyo pure Chemicals A} (Osaka, Japan) A%< A&

st eh.



2. 490

1) Human keratinocyte (HaCaT cell) A ¥ )%
HaCaT Al¥%& 10% FBS¢} penicillin/streptomycin (10 x0/ml)S 3 7}3k
DMEM H®j el o 22 37T, 5% CO:z v 7)o A v F3}Fsi o).

2) AIX 54 Ad (MTT assay)

96-well plated] HaCaTZ 25 x 10 cells/well2 #ZE3to] 24474 nl] ek
sttt Al8E Ader]-d FBS7F §li= DMEM Ml Aol M 24417t uj 3}
Atk DMSO# PBSE A ggt g2 UVBY A3 d¥, EGCGRE
At Ao w vrol At MTT Al k2 DMSOel 5 mg/ml]
FTEE 5o Byl en FBS7h §li= DMEM Hi# 95 el [ MTT Ao
5 wE E3Fste] AL&3EAT. MTT AlSk A2l & MEe= 37CA 1A%
FoF wjatl e ELISA readerZ o] &3ko] 490 nmolAM SHEE

stol AT HE &S ML

e
o

3) ROS &4

12-well plateol] A w3l HaCaT A Ee] Al5E 83 8 PBSE F
W Al#skar HBSSel 20 uM DCFH-DAE A gl stalth. AlZE 37Tl A
30 # FoF wgs oS ASHES spectrofluormetry 2 SA A TE o] 7]

942 485 nm, WA T2 523 nmoll A FA4 38T



4) DPPH assay

EGCGe 4tst 252 DPPH assaysS ©]83l9] free radical &7 %€
< SA39 Y (Yoshida et al, 1989). 7t =% A5 (10~480 png/ml)=
Mol =9l 5 4 e Haka, 15 x 107 M R wekge] &2
DPPH €< 1 mee} # &3t A4 3021t B3 $ 520 nmol
A FREE SASAY dxdds AREE HI7sHA ol il WieE

2 Zqste] frel duze] A7 B WEEE ey,

jatol

5) uj g3 Ao AL M (UVB) £AF 2 EGCG A &

A2l A= UVB lampE AFESR 0™, AL Al Al v &7
o ] x| =S A Aslal phosphate buffered saline (PBS)E 23] A& 3 &
it 8719 A7 wg APFFS PBSE AEZE Y& F UVB (280~
320nm) 50 mJ/ers FAFSFAtE. Dr. Hénle UV meters Al&slo] 39S
4 3 F A sTskE AlbE 2Este] EAbst LA & FHS A
Bl5le] AT UVB ZAF-$ PBSE 13 AAe = 0 uM, 1 uM, 5 u
M, 10 pMe] F=2] EGCGE i< ¢t 1:1000% 348lel EGCGE A 38t
Atk ol wA Y= duddlmelA AZFE 2 eeke] wj s dtt

6) Western immunoblot

6-well plateol]~] w3t HaCaT A|EZ phosphatase A3)A7F H7b=
ice—cold PBS®Z F+ W A&t 1 t3 7 wellol lysis buffer (50
mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% Triton X-100, 1% SDS, 1%
Nonidet P-40, 1 mM EDTA, 1 mM DTT, 200 nM aprotinin, 20 pM
leupetin, 50 uM phenanthroline, 280 uM benzamidine-HC1)¥} 10xprotease

inhibitor cocktails 9:1 H]-& & W& lysis bufferE Y1 48 YolA 30%

10
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AARGAH T YARE & A=do] SDS-PAGES sample bufferE 3:1
o Hl &= FH7bste] 100TCoA] 53 7FEste] W79 58§ samples W&
Ak 40 pgo @A S SDS-PAGEE %3le] £839 2™ nitrocellulose
membrane .= ¥ SGWAS o] FAZ T Membranes 5% skim-milk

7} E3+H plain buffer (20 mM Tris-HCIl, pH 7.5, 136 mM NaCD=Z 14]
7F 59t blocking 3R o™ 1 & 1 A= A I3 BE&E FA ] 4T
ol 5 16A17F WFE A At} washing buffer® 2084 33] A Hstar ¢ & 2
b FdAE 10 50008 %= 3| Aste] 4T A 1AIRE b REEAIZ v
washing buffer= 20%4 33] A3}tk ECL detection kitE A3}

Hh A A Ao s FA et

Nrf-2¢] wa &S =A3sl7] 98] Nuclear extract WHS AM&3l%th
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8) A
B Ao g3 »E A% ZAIE mean = SEE YERRAL, AL

7+e] o)A e SPSS ver. 100 T2 1S AF&3F4A
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1. UVB ¥ EGCG® HaCaT MEd did 54

UVB ZALEFel] gk Ao k84S 543517 9dte] HaCaT AEE
96-well plateol] H]Fste] FEAH A4 2441 3F #jFgk th3& 0, 25, 50,
100 mJ/en®] UVBE ZAFSH 3 24A1%F b vk 5 Alxs4d& MTT
2 =439, Fig. 20 vEbdakel 24e] 256 mJ/cre] UVB # 2ol 2|3}
26% L] AlaEATE o] (dojyt o 50 mJ/erre] UVB A2l (9] 3t 50%
dme] AFEAREol dojytth. Z1e]al 100 mJ/cife]l UVB. A 2ol 2]sto
70% Ao A ZEAPE ] dojyitt. wEbd UVBell o3k AlZEA] 2= Al E9
50% 7Fol AE 7hesk AJERl 50 m]/aioll Al AIXEE A 2] EGCGO
g aRAFES WAFIATH

Fig. 3& EGCGel g+l 545 Hed 2e=2 0, 05 1, 5 10, 50
uMe] EGCGE UVBE xAFeh#] @82 HaCaT Alxe] A7 stav. o1 24
7 0~10 upMe] FE2 AHEg A3} HaCaT AEe] FAo 43S w7
= Aoz yehd w50 yME A3 Fold e AEAYEE ] 50%

-

_|_;

olgt® Zaste AdE HEHAT o2l g Adt= 50 uMel EGCG7F Al
xe] kstss 7ty B 18 A2 54& Fdsts 3les U

gk olyer Ade] e FAstAIl EGCGTE  AbEE %A
(prooxidant) 241 9] &S 7FA 3L lojA Q8|8 AFEdA] ME =4S

dod o Ave= FEH dAstL U (Yang et al, 1998). oo 23}
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+ UVBx XA Hl#sto] AZzAME S 28 52 5% EGCG
v 03y FastaREte ASESAAEZR ZEste] AEAE S FES
o= Bl dxstar 9l (Van Leathem et al,. 2005). €19 23] iz}
UVBE A% HaCaT AlEe] tg EGCGO AMERIFEIH}E 2487 9
st A3 50 mJ/erf®] UVB Az 3 10 uM ©]3te] EGCG 5% ®H ¢
ol A A A8t
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Figure 2. Dose-dependent effect of EGCG in the viability of HaCaT cells.

HaCaT cells were preincubated without FBS for 24hr at 37°C and .then irradiated
with UVB at various radiation of 25 or 50 or 100 mJ/ecm?® Values that share the
different symbols are “statistically “different (xp<0.05, *#p<0:01). Data represent the
mean = SEM of 3 experiments.
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Figure 3. Cytotoxicity of EGCG.on HaCaT cells.

HaCaT cells preincubated without FBS for 24 hr at 37°C.-were cultured with
different concentration-of EGCG~for 24 hr 37°C. Cell viability. was measured by
MTT assay. Values that share the_different symbols-are statistically different
(»p<0.01). Data represent the mean_* SEM of 3 experiments.
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2. EGCG9 &4 4A2F(ROS) BA JARH

UVB A go] 23 HaCaT A¥W ROS¢ W3l= =A3st7] 93,
UVBZ Al® HaCaT A FEel 0-10 pMe EGCGE A#d Fo| Axuy
Z44ka 55 DCFH-DA ¥ probeE Ab&3stel FAskslv. +¢
w2l A 24A)17F ek wjFe AEE 50 ml/em’o® AHEF A 50
mJ/cm*e] UVB ZALel <& HaCaT A ZWelA el ROS s=7F 35% 7}
F7bete Ao ® vebwth (Fig. 4). 2183 UVBZ-A € Al 0-10

uMe] EGCGE A3 Z3 ROS o] 5= & Ards &

o] Yo ® Fo3 dTHs i RaHum 3tk (Kensler, 1986;
Frenkel, 1992; Stewart et al., 1996). ROS2] A EALEof 3l F3}9} o]
B Ao xE UVB FAtol ~9s] ROS Aol Z7lwo] HaCaT A9

ARe FEae oz wmuHu, RSy BAAds 9ge & 5
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RelativeROS level (%)
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T T =%
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UVB (50mJ/em?) z +

EGCG (uM) = = 05 1 5 10

Figure 4. Effect of EGCG. on intracellular ROS level .in UVB=induced HaCaT
cells.

HaCaT cells grown to near confluency were exposed to 50 mJ/cm?® of UVB alone
or post-treated with the indicated concentration of EGCG and harvested after 24
hr. Intracellular reactive oxygen species were measured by DCFH-DA with
fluoroscencemetry. Values that share the different symbols are statistically different
(»p<0.01). Data represent the mean £ SEM of 3 experiments.
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3. EGCG9 DPPH radical £2A%

ol el AFeM EGCGe ZE 3 dAatstAdlz UVB Ab50= 18] Alx

W AE= g4 2k F (ROS)

o

-
Z,
>
.
1=
i
N
ok
<y
lo,
b
o
o
ok
B
ot
o
fr
X
=,
e
f
1.01,
fol
i)
il
i
iul
Y
4

EGCGY &4t35 & vitamin A, C, E &
W22 kst viERE S ¥ BEd Ao g dex vk (Surh, 2004).
upeba BAkst vjErRl F HIERRL C (L-ascorbic acid)¢k EGCGe] a4kst
AZA ] Fiksk S5 S Hyr]alst Ak
DPPH (1,1-diphenyl-2-picrylhydrazyl)s= Ak21e] 7FA| 3 Sl &9 #
ZF wjZol 520 nmolAl ¥ &5 bandEs Heolu, A hydrogen
radicals &t} ¥ O™ phenoxy radicalS A ste] &4 band®= At L
PR 7k "k g Fold A= g A o7 A ete], 1 ol
vl ste] z1xepA o] \DPPHO| M2 A5 oA ¥ a1, optical density
(OD)=E #astA Fv-(Blois;. 1958; Yoshida et al;, 1989)+= Hdz]o u}z}

Ad A, f8 fBuZe S 50% AA T e sE=E e
+ ECs (Effective concentration 50)#k¢] EGCGE 1.1 pg/mls YER a1,
N ET o o]l =H3E L-ascorbic acid®] ECs< 4.2 pg/ml=z
L-ascorbic acidell ®]&] EGCG7} ¢F 48] Ax9 =& £ goze A7
= Hol FA4 (Fig. 5).
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Figure 5. Measurement of DPPH radical scavenging activity.
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4. UVB A gld Axd d¥ EGCGY &3

13k, AlZAFE (apoptosis)oll #ylE WA =S gAd3lste] A EZAAS
otk (3, 2004). AE AL (cell death)el = =7 71ddo] Q=4 9
A Ao wstel o8 543 dofue FEH F58 AL (necrosis)
o AZEUF) Bt Aoz zae Nso] o8 A E AlE
fraztEe] MEE ALY, gdSe] dgdsiEo 24 dojute T2 5
ol M¥EAE (apoptosis)e] ATk (.2, 1998). ALl Aol <]gt Al LAY
= AR B g AL]A A Al A|EF AL (necrosis)’t HolurE

ShAI R o) F-2> apoptosis 71l ol 2] o] Fof Z T,

dlo

rlr
X,
=
)
2

© 7 caspase family, MAP kinase % JNK % p38¢] &4 3}
of 9l3] =% Bcl-2 familye] &4 stoll od] o#|¥@ . HaCaT Al el
A UVBell 93k ROS9 5712 Fas®t FasL &-3HA7F A ¥ o] caspase-8
o] &AdslHt}. Caspase-82 2& 79 H=ZE &3 apoptosisE -+ =3h=Hl
3y caspase-87F A F caspase-3E A3 A|A apoptosisE ==
ARoly T tE sty BidE Awste] &4 3)stal cytochrome c7f 1)
EZs ol AxA=RZ {5 o] caspase-97} &3} o] caspase-3&

g o2 R apoptosisS  FEstE A Zoltk. cytochrome c7}



caspase-92 A A 7= EA A A Bel-29 AAE wET (2
2], 2006).

Bcl-2 family: Bcel-2, Bel-xL¥ 22 apoptosisS & A8k w4 3}
Bax, Bid¢} #o] apoptosis= st dwldo]l ok (& 9, 2006). =
ARG AR} QA5 Fo] F&Ao Ajtstyt A=A =W PIBKS
o] &AMty oA Akt T B2 SHHEFE Qs g4 (down
stream kinase)E SQIAFSIAIA @A SAZIT o] 5ol &3] Bad’l <14tE}E]
W elak3l ¥ Bad’b Bel-24 Bel-xL @A 2 RE Rglwo] HEFAH o7
Bcl-24+ Bel-xL& A ZAME A @A e] 75 s34 dd. ==
Bel-xLo] Baxoll /thgt A ZAPE 2GS ofAlete] AES) BES 23517
= 3kt (2 9, 1998). Chung et al., (2003)¢] Aol A= UVB ZA}
EGCGE sEME A3 oA Baxe] Wa o] #asts v
BAFE Frrete Ade BAed L 23 apoptosis7h AsE o=
LHERE

JNK, p382 Areld2 2oL 9|79 ofe] ZEw A Aol o &4
3tE k. JNK (c=Jun-N-=terminal kinase):= AF2]al" ZAloll & AAFeIA}
o] c-Jung @etol] Sl 638A Sl TIMA S Ser F S <lakE FtE oy
A kinaseolth. JNKZ=7F &A3H™ Qlibstd JNKe o 41

o

apoptosis =30} p38 Lek ko 93] <14k8lE o] apoptosisE =
o (2 €], 2006). ol¢t 22 AsdE AR s EGCGE EE g 7o
g A+ %, Santosh et al, (2001)¢] 232 UVB A & EGCGE F
of 3 v HlYAZtS Eelste] SA S A3 INKeF p38el <1ikstrr 2

st 42 WAt & EGCG/ o F wwde a4sE odAgos

[}

ftlo

A apoptosisE Al gttiar B askar Q)

sl 9 ~E# 2o e Akte} ERKY A3t Ax AE 2 Z2
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of B

["O

(_)_Iﬂ
shuQl ERK B == Al A% A, Aol Bkl 55 QlAste] &4 ste
T AE R S 2 Ao #Hs AsE ddste AoE dHA vk
(Pearson et al, 2001). &= U & AX AL #Fd ANzAGHZA Akt
PI3K (phosphatidyl-inositol 3-kinase)oll 23} wi7H%™ Akt 2 =Z°] &4
3}+= cytochrom C¢ W3} procaspase-3, procaspase-92] &4 3lE oA
3to] apoptosisE A sttt HaE 3 vl (Kulms and Schwarz, 2002).
o]Z FWale Aoz Chung et al. (2003)e] Aol UVB ZA} ¥
EGCGE wv=d= Agsh 7oA Akt# ERK® 1487t F7ks = Ao
Z = ¢lc}h. Wb “Hisayoshi Kondo et al. (2004)e] 2 &o| A =t A A g
A X FEo EGCGE A 2l gt o 2 ieaspase-39] 43S A5t 1
A3 1 down-stream @A PARPS @ st s oAt EGCGE Al
¥XHs &35 FHTORM EGCG7E AL|A Auld ZdAxdd diste]

)

antiapoptosis @37} e AS SR TH

ok 2 A Sl olg i Ba eSS niYe® EGCGY EdE
2437 98] 50 ml/are] FHoF UVBE HaCaT A ¥ FA}&to]
apoptosisE =3t AE A -EGCGE Folel & ANaAdA AN g

o WstE FIFO T AL FPduA Havh F

i,
rlr
2
Av)
e
1=
i)
iy

EGCG7} UVBOl 93] H X%+ caspase-3, PARP, JNK, p38 &< &43}
AslE  Eel AMFEAE  (apoptosis)S AT F A=A ERK9}

PI3K/Akt, Bcl-2 59 &A43E T AxT2 2 AE #HAost=x &

o157l fote] AdS AASAT. TS Nrf2e] AMXEAo|A 3slo 2o
translocation AEE =Ag o2 EGCGY 93 stislgio HAF &
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4-1. UVB ZAF ¥ EGCGel 93 HaCaT A% S4&%H

ERK$} Akto]l <Ql4bsl= W apoptosisZt A& & il A2 o] FXIH L
a4 A 2T (Chung et al, 2003). wekd UVB Aol 98 &4& w2
HaCaT A|¥eo] EGCG A& %9 A7td wE Az Z4
3t7] 93t western blotS £3] ERKS Akte] SIASAEE =A 3519}
Fig. 6014 e} #Zo] thxay vlu S o UVBRE 2ARRE Toll M= UVB
Ao 2 18] ERKS -¢14ksb7F ZAastglevw, 1 uM, 5 yM 3 10 pM 9]
EGCGE e 2=A ERK T2 2] Q14Fs} (phosphorylated ERK)7} &
To|EHOo R F7sle, 10 uMe EGCG Aol st FForw 3EH
= Aoz Jekgth ude, total ERK Bdee n = ewox TU5HY
o kA EGCG7F UVBE] A=o=2 dlef i ERKS Itsts S7F
Ao 2N NEE REshe 302 He I
HAA7kA G R vle] oskd, PISKS phosphatidylinositol-3-phosphate

FEA A, The a2 1Ak stE Akt Al Xt oR o] FE & EA
A Hoh &43tE Akte= thAL Bel-2 familyY Bad, caspase-9¢} #
2o AT Foldte= target WA SS AMNSAA A EAE S A&l skl

AEZ AES F38te Aoz dex Aot (Datta et al, 1997, Cardone et

A&
3
ol
il
Sot
o]

il
["O

>
rulo
o)

rlo
X

2 AY Ay E dxzad HagdS W, EGCG & oEAow
PISKe}  o]A9 A<  downstream  target®l Akt QI3
(phosphorylated Akt)7} 57 = 1AL, total Akt 2rd = B8k o x=a-3) H]
WAl WshE wolx] okt o3& EGCG7F PISK % AktA=°] &
A3}l

2

of\

ox
RU.)

s

E 53] apoptosisE Asstal AEZ AE] 7|ATS FHI)
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(Fig. 6).

w3k Akt 214F3Le] ZF7FE= Bel-2, Bad, caspase-9 59 Az Aol o g
= Aoz B (Fig. 9).
2343, UVBel| 9gt =& w2 HaCaT AlXeA EGCGE &
T oEH o R ERKSF PISKeF Akt o A3t B3] Az yE 2 A

ol

o] apoptosisE A

o
e N

4e HFens w2 228 EGCGH @48 57E AE Aow
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UVB (50mJ/cm?)

s + + + +
EGCG (uM) B - 1 5 10
(A)
PI3K 110KDa
——
pAkt S — —— 60KDa

(B)

A - R
R - 42/44KDa
ERK 42/44KDa
Actin 43KDa

Figure 6. The effect of EGCG on the phosphorylation of PI3K/Akt and ERK
1/2 in UVB-induced HaCaT cells.

Cultured keratinocytes were incubated with EGCG (0-10 uM). After 24 hr, the cells
were irradiated with UVB (50 mJ/cm?) and cultured for 1 hr. Bands shown are
representative of triplicate experiments. A) EGCG augmented UVB-induced PI3K/Akt.
B) EGCG increased the UVB-induced phosphorylation ERK.
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4-2. UVB ZAF ¥ EGCGel 93 HaCaT A% A2 &3}

EGCG] 93 UVBE £4% HaCaT AXE9 apoptosis A& #8&S 3
e13t7] #13Fe] UVB ZAF & EGCGE A7 g+ HaCaT A oA apoptosis
o] #oI3}= caspase family & cleaved caspase-3, MAP kinase & JNK
2 p38, Bad ©¥ o] ¥ W3S western bloto 2 el ow, o] 9}
A et gl Al Bel-2 familyd 23 WIS
Al AWt ow AlxAbde]l FEWW caspase-37F &4 8E o],
7142l poly (ADP-ribese) polymerase (PARP)7}-Zdwtx o] 85 KDa<d]
Ho] AAwE. PARPE 4% DNA single strand®] 35S vj7)3t=
A2 Aol & HASoe gds HdT + gl ®@uk (Hengartner,
2000). Hisayoshi Kondo et al. (2004)8] A& Ax}o| A EGCGE A &3t
S A vk oEH SR caspase-39. ZA o] AslE I o]e] wzl PARP

o
o
Avto] asts A% FAsth B Ardnel N fA1F A3

g

2
rlr
M

= Y& apoptosisE

RUSIIN

1:3011

} 4=
ATt
Fig. 7o vebdntel ol EGCGE Al st oA UVBel o3l
+ caspase-32] &43ke} 1 down-stream$l PARPS| ddto] &HA3HA 7+
AHE As G F A} ol A¥+= EGCG7F UVB Ao 27
B ZI8¥ caspase familye] 14| WES-ol| A caspase-39 &A3lE oA A
7 @A 3tE caspase-3°9] ©]d PARPS a7} dAEHo] 1 Az AAH
85 KDa®] PARP w ¢ Aol Fhad ZAiolrt, webxs EGCG g
= UVBell 9sle] &X43tE caspase-39 A4S Aoz PARP ©

A2 2 AA AT AELS dAets Aow ==t}
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UVB (50ml/em?)

EGCG (M)

Cleaved
caspase-3

Pro caspase -3

PARP

Figure 7. Suppression of UVB-induced apoptosis of HaCaT cells by EGCG

treatment.

Cells were exposed. to 50 mJ/cm? of UVB alone or post-treated with EGCG (0-10
uM) after UVB exposure ‘and harvested after 24-hr." Cell’ lysates were prepared and

western blotting was carried” out using anti=cleaved- PARP and anti-cleaved

caspase-3.
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MAP kinase % JNK % p38& &3 ~Eg 2o W7aA whgsts= 2l
oY g dolrt, Western blot A3, tjZEateA= v Qs A= E
AW JNK 3 p38 @do] UVB A=l o3 @A st Srhatslen,
ol UVB #A=o= <l &A4std pJNK R pp3s d@Wzdel F7t=
apoptosis®] A& HdG EAstE ongth. sHAW EGCGE Aol fs}o]
UVBell 9]sto] <l4tshe pINK 3! pp38 @ de] F=7F EGCG =7t
S7hekel meh el A AAaEE As & F AT (Fig. 8). & 23
o] Ayt UVBel o3& wi7le MAPK Asdg
B 13k Santosh et al,(2001)8] AF el vit7bAe] A& detlidh 2

I o)} fAE Adgow A M T AAo df5 ol 9= catechin® I

ol el EGCGel &+

i

o~

f5s ek 2 Wu et al, (2006)9] d3olA = UVB A= % catechine #
23 Foll A INKO] Fela Q1asl s (Fels F AT p3sell A= JNKS}
Zo] &A@ Apole molA| ergkrh welA B Aol Aol M Arse 2
5 TR d8s FEIF 23, EGCGE JNK, p38e] E4S AsAlA
HaCaT A1%¢] apoptosis7k @ojub=| A& #op Al Eol 7]ost= A

= & 7 Al
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UVB (50mJ/em?)

2 + + + +
EGCG M) _ _ 1 5 10
pINK 46KDa
pp38 38KDa
Actin A
iy T —  — — - 43KDa

Figure 8. The inhibitory effect of EGCG' on UVB-induced pJNK and pp38
expression in HaCaT cells.

Cultured keratinocytes were incubated with EGCG (0-10 pM). After 24 hr, the cells
were irradiated with UVB (50 ‘mJ/cm?) and cultured for 1 hr. Bands shown are
representative of “triplicate_experiments.
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St Bel-2 familys= @9 & 2p=to] 93] F2% apoptosisE ZA3=

T o2 T8 gid=z dEAd drt (Hockenbery et al, 1990). Bel-2

_h
Q
3
=)
L
=
i
of\
w

cl-2¢} Bel-xLE 7F4 F 2.3 anti-apoptotic ¥+ 2 o]
th =, ol @ulde] wdoe] FrbHW MAEE AL AEstH apoptosisE
A eto] MEL] AL Hofstes AS=E Baw il vt (Hockenbery et
al.,, 1993). Chung et al, (2003)¢] Aol 001, 0.1, 05 uM F%E2 EGCG

S hgetel wae FAE BRE RAF AW, EGCG BRI FHES

LR

23}

rr

AS BATH (Fig. 9). o= EGCG7} Bel-2 ©@aldo] ubd &
7FA 713, apoptosisE - ESME Bax @] wkge zFaA|zlo 2 A
2xo7g UVBe 98] 2% HaCaT AlEQ apoptosiss J A= A

o s E.

o|N

ﬂlﬁ
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UVB (50mJ/cm?)

EGCG (M) - 1 5 10

Bel-2 . 28KDa

Bax =i 23KDa

Actin B 43KDa

Figure 9. Effect of EGCG on Bcl-2 and Bax protein expressions'in
UVB-induced HaCaT cells.

Cultured keratinocytes were irradiated with UVB (50 mJ/cm?). After incubated with
EGCG (0-10 uM) for 24 hr. Bands shown are representative of ftriplicate
experiments.
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5. UVB ZA} & EGCGdl 9 AARJIAS] w3t

MEZ Y Al ZAste wul A<l Kelch-like ECH-associated protein
1 (Keapl)2 #AFQIA}2l nuclear factor—erythroid 2p45 (NF-E2)-related
factor2 (Nrf2)¢} Keapl-Nrf2 E3AE dAste] Nrf2E AEZ2 ol 715
of 3 g olFs WalTdorwA HAL FAHS AAAINE, AstH 2E
gt 2dA SAstetE A S o Al A4S YA HH Keapl-
Nrf2 23A7F 2ol Nrf2e & ¢to & o]%3Fe] ARE sequence®] 2
goto] AARIALE Ao mA AALE 9% ol HA dMAdE
FARESY] FAE JNA S A(Surh, 2004). 5, HAA dabstAe] I3ts
3= SOD, catalase, HO~1, NQOI, GSTA2 52 wuldoe] A =o] UVB
258 AdE ROSE AlA S Lim et al, (2007)2] dT-ollA= tivF-ol

il
e

Lo

A FET SR o= BF Al Isoorientin®] FAHE & FS Lol 7
& cytosol?} nuclear®] Nrf2o] 2el &S western bloto & #2435} ).
AgAy dtstEdel wEd Aol F7FSSE eytosolo A 2] Nrf29]
Y2 433 nuclearol A o Nrf28] 42 S71d=S & 5 AT o] o
T A= 22 Fgakst 858 Ad EGCGE A g Axdx=  FAS
A3E B Aojgtes 5 stoll A4S s

B Ao EGCG A8 ¥ HaCaT Alx2l Alxdz & e Nrf2e] gt
3l &S western blote @ FA35FAtE Fig. 10 oA ¢} o] A EZ oA
Nrf2= EGCG %= o9& ow Aasglon 3 yore Nrf2= EGCG
T EA R SRS & AT olg 3 A= EGCGY w7t
7185 Nrf2e] AX 4ol & Y29 translocations =< o %2 3

sk Bae] S ST Eeve e Ae® B Xt

g
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UVB G0m¥/cm?)

= + + + +
EGCG(uM) _ _ 1 5 10
Nrf2 57KDa
cytosel i 3
Nrf2 Pre— 57KDa
nuclear
p - tubulin e —— — — — 55 KDa

Figure 10. Effect of EGCG on the translocation of Nrf2 in UVB-induced
HaCat cells.

Cultured keratinocytes were irradiated with UVB (50 mJ/cm?). After incubated with
EGCG (0-10" uM) for 24" hr. Bands ' shown are representative of triplicate
experiments.
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