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Cancer Prevention Effect of Epigallocatechin-3-gallate through Regulate in
C-terminal Src Kinase (CSK) Signaling Pathway

Dae Yong Kim and Bu Young Choi*
Department of Pharmaceutical Science & Engineering, Seowon University, Cheongju, Chungbuk 361-742, Korea

Abstract — A great interest is emerging about green tea as a tool against human cancer proliferation or inflammation, as pointed
out by recent reports describing the inhibitory action of epigallocatechin gallate (EGCG) on angiogenesis, urokinase, met-
alloproteinases, and induction of inducible nitric oxide synthase. We proposed that EGCG may regulate a multi target signaling
having wider spectra of action than those actions of single enzymes. CSK (c-terminal Src kinase) protein is a non-receptor
tyrosine kinase involved in the cross-talk and mediation of many signaling pathways that promote cell proliferation, adhesion,
invasion, migration, and tumorigenesis. Based on the knowledge that CSK activation is important for cancer proliferation we
hypothesized that CSK could be a target of EGCG. Here we showed that EGCG effectively suppressed the growth of CSK MEF
cell when compare with CSK knockout MEF cell growth. These results indicate that EGCG could be used as a chemo-
prevention to modulate CSK signal pathway in inflammatory processes and tumor formation.
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Fig. 1. The chemical structures of EGCG analogues, EGCG, EC, ECG and EGC.

wjitol] ETjsmo] bl thsll a5] S A= A7}
At} ZHA3E (hepatocellular carcinoma; HCC) 2.2 &
A7 7R 5o oY 7EA] A EQ] e AksE 2EH A
of H59 o] f = IHE ASSIH ZEuled 2 A=
4 shet 24 THAIE o] o B X5 Y Zle
= 44 gk’

o]& ZZ]#&= ol Epigallocatechin 3-gallate, epigallo-
catechin(EGC), epicatechin gallate(ECG), epicatechin(EC)
(Fig. 1Ys& Z2h1 =o|=4 315HE9) cateching TFF X
ghstal Sltt. Epigallocatechin 3-gallate(EGCG)= 52k 7F
EIX1 FollM 7P Fslal s Ad Aiolth. EGCG
= 716 AFE FoklA F83 a2 Be A4 39
HATH EGCGE TF T3AQ! ol "ol FitsiA=
EFEAT Fello] S o] EGCGE Aol #=]s}
™ hydrogen peroxide} hydroxyl radical®] A3/ €lth= 1
37t k. Begk FH At oJsbd EGCGZF 3iks) 71zt
e EHER APAA 9T dria dERT EGCGE
plasma membrane®] 32 3} phospholipid®} 272 0=
HEgate] AlE W AsdgS wislisketl, EGCGE =3t
] S s MEE, v EZ=g] o}, lysosome, 337}

= AE Wl 27#o® olEste] HARIAL, DNA
methylation, F]JEZ =20} 75 58 23} o] o
3t 75 Alxe] 49, 2Ed 2 43, EGCGE] F=o u}
2} gepxit) w3 EGCGE 7P 829 39t Jro=a
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deA o, B2 Al o)=L k. EGCG ©]¢fell
% EGC¢} aflavins 5% ¢ A o] Bl ¥ 9o,
Komori 5-& A& #lgd=} ket Al ZollA EGCG T8 =
AFEE Hlwe A3} AL E S EGCG o] Al
I A o E8H0® fEES Byt ag
3L EGCGZF v, 97 Atola A8 A 449
Az 37t dvke A7 BaEA Qe ol 7
Bl A8 (theumatoid arthritis)oll Al & HZ-2] X159}
el EGCG7} g3 Eap7) &S Sk

Protein tyrosine kinase= 3£2THlA 9] tyrosine X1 <
Aslele BAEA thde R AR peptide 2
&, cytokine 8A| 3H912] M U] Alsddol Fofsicy,
Tyrosine kinase?! Src, Fyn, YesE 43 AlZZ %313 H
2 MEoA Aol B4, B3, olsS 2™sle 8t
ZF=o]t}. Non-receptor tyrosine kinase2] UE<2] c-Src=
oA WIS ligand-receptor A2 2HE- 3199 Al &A
oAl T2t S sh=dl ]9 src family kinase= THY
gk QA s o) QAikslE o2 SdstE L, Bk
src family kinase= MAP kinaseS X318t Thst 579
A7 75 SAdsteitt. A|F7Ex]¢] Bazel 2ah sre
kinase= M2ZAYE, Al ZAPE, AT ofg} =] 2
o] 2]3} vascular permeability =2 52| t}3l Al E] %
A7)0l T deiA ek
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7F LPSell o3l fr=se w4 9% vkt ARl vkl &
o3t} BFgl ). Macrophagest 72+ Ml oAM= LPSol <]
S frEss AU 434 AolElele] ulo] CSK
7} gefgicia Ho

of2] M) el ofshA EGCG~ %% s 7
CSKE AlZ2] Z4]0] o] ¢ Zlo] BRI AT 1
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Aok & Al - & vlA= American Type Culture
Collection(Manassas, VA, USA)?] #7 vjR] & AME-SIH9 L,
fetal bovine serum(FBS) A]°F2 Gemini Bio-Products
(Calabasas, CA, USA)Z H-¥ T35t

CNBr-Sepharose 4B, glutathione-Sepharose 4B, [y~ P]ATP
= Amersham Biosciences?l| 4] 7] sFoI -3t}

[PHJEGCG(13Ci/mmolin ~ ethanol ~containing 8 mg/ml
ascorbic acid)*= Dr. Yukihiko Hara(Food Research
Laboratory, Mitsui Norin Co. Ltd., Fujieda, Shizuoka,
Japan)Z F-E] Algtol ALE-sldtt. A 23 CSKS} poly-
(Glu4-Tyr) peptide:= Upstate Biotechnology, Inc.(Charlo-
ttesville, VA)Z HE 7435 Th. ATP immobilized agarose
4B+ Fluka(St. Louis)ol A T+ sled A3+ . EGCG,
EC, ECG EGC+ Dr. Chi-Tang Ho(Rutgers University,
Piscataway, NNZ5-E] A|g#o} AL8-35190 )

M=HHF — Jurkat(clone E6-1) human T cell leukemia A
E 9} CSK+/+9} CSK-- MEF Al %+ Dr. Zigang Dong
(Cellular & molecular biology, Hormel institute, Austin,
MN, USA)Z FH Xﬂl‘ﬂ'o} AH-8-31 A T} Jurkat®t CSK
knockout MEF A 2= 10% FBS7} $-f-El RPMI 1640 Hj

Aol A wl s OﬂE}

#EH % KEH - GST-CsKe] A%E S4dsp7] flst
o] GST fusion %‘9‘47.‘:_13_ glutathione-Sepharose 4B beads}
gk AIZF SRt Aol A ¥EEAIA immobilization SHATH. A
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T =L 4°Col A reaction buffer7 E$HE 500-ul
reaction mixture®} 1 uge] GST-CSK-Sepharose 4B E+=
GST-Sepharose 4B2} 0.5 uCi¢l [HIEGCGE WA ZTh
FE 9FE 845 98 EGCG =2 3 pMelA 50 uM
7R ARSI Kd 42 Prizm 4.0 program(Graphpad
Inc., San Diego, CA)S AF8-3}%d nonlinear regression 2
= °o-&siinh

EGCG-Sepharose 4B2t L{*S] Methionine-labeled
CSKEZHE Pylidown Assays — Full-length CSK-f-7 2}
(pcDNA4/HIS/Max-CSK)E TNT Quick Coupled Tran-
scription/Translation System(Promega) ©]-&3to] L-[S]
methionine} 37 in vitro translation A|AA] 2HES T
ATt PS-label CSK A< reaction buffer(50 mM Tris,
pH 7.5, 5mM EDTA, 150 mM NaCl, 1 mM dithiothreitol,
0.01% Nonidet P-40, 2 pg/ml bovine serum albumin,
0.02mM  phenylmethylsulfonyl fluoride, 1xproteinase
inhibitor)*] /] EGCG-Sepharose 4B beads®} WH-5-A] 7 T}
Beadv= 952N (B0mM Tris, pH 7.5, 5mM EDTA,
150 mM NaCl, 1 mM dithiothreitol, 0.01% Nonidet P-40,
0.02 mM phenylmethylsulfonyl fluoride)>- 2 5H A&t &
bead®} ZAgHst w8 autoradiography =& immuno-
blotting® 2 41515 T

Kinase Assay — CSK kinase assay= 30°Cellx] 27|17} &
QF 25ul reaction mixture(50 mM Tris, pH 7.5, 10 mM
MnCI2, 1mM EGTA, 2mM dithiothreitol, 0.01% Brij),
02 pgel M=% CSK, 1uge] kinase substrate(poly(Glud-
Tyr) peptide, biotin conjugate) Upstate Biotechnology,
Inc.(Charlottesville, VA)¢} 1 puge] unactive LCK T2
(millipore, MA, USA) Z22] 32 EGCG(0.5-20 uM), 100 uM
ATP, 1 uCi®l [y-32P]ATP‘§ w-3-A| 7t} ECG, EGC, ECE
10 M= A2 3k3A et ’ES- $2 $ scintillation counterS
ol-gate] AFE AEHITE LCK T A o] QI4kslE &
13}71913l anti-phospho-LCK(Tyr505) &) (millipore, MA,
USA)E ©]&3I3itt.

ME 8% 53

— A E(6%10°)Z 96-well platel] 2447+
S W & ZH7Fe] EGCG F%(0, 05, 1, 5, 10, or
20 uM)°l| A 72/\]71} <t m sk E} EGCGS] M Z 4%
AA a5 SA3H7] A8k the Cell-Titer 96 AQueous
One Solution cell proliferation assay kit(MTS)(Promega,
Madison, WDE ©]-&33th. AlokS 7} welldll H71ste] &
FEE 492nm 7oA 96-well plate reader(Labsystem
Multiskan MS, Labsystem, Finland)Z 435 =735t}
CSK+/+9} CSK-/-HIZol|A €] 20 uM EGCG A ¥ B3&
< 37 HEEATE 2 AFLS focus-forming HHoY o3
—rﬁﬂ som of 355 Al FEYE methaold] 24 F
0.4% crystal violet®. = H4 & Az s}t
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EGCG2t CSK &g 3 — CSK& Sre-family kinase®]
S 705 Tkt Az 243t HJek" Kinase
screening A3¥-S F3l] EGCG 5 puMell 2J8iA CSK7} <
AEE gelsiitt. 224 92l EGCG2 CSK7F A=
BAeAES T AR difeta A4S APt -4
EGCG®} CSK®| ZA¢ 5 S (binding affinity; K,) GST
pull-down assay®} *H-labeled EGCGE ©]-&3lo] £213}5)
t}. EGCG9} CSK9] A% K, 72 0.05£0.0402 SA =3
thHFig. 2A). =L T2 2 EGCGSF CSKe] 23 EGCG-
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sttt 2 A3 EGCGe CSKE complexE o] F&= A10|
I ATHFig. 2B).

E3F EGCGSF CSK Atele] Aol thdth 722 dAE
= O sl gfetetarat -2l= CSKe x-ray co-crystal
TEE 2831 EGCGe| 2% F-91& ERIsiithFig. 20).

CSK Kinase &40i Chst EGCGe| &3 - t}go= ¢
2]= EGCG7} CSK#] Q14F8} o= kinase €43 oA &
T AEA Felslint. Kinase & &4 CSKe} 7121
poly(Glu-Tyr)FIElo| =2 o83 in vitro kinase assayS %
ste] Z45I9ch 2 A3 EGCGe §EEH 2 CSK
kinase S 2AIEIN ™, 4 uMe] FEolA 50% A

Sepharose 4B affinity chromatography 23S E3lo] &l A(ICs )5 EATHFig. 3A).
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Fig. 2. in vitro interaction of CSK with *H-EGCG. A. specific binding assay for CSK and EGCG. The Kd (dissociation
kinetic)value of the EGCG-CSK interaction (Kd=0.05uM) was obtained by using a GST-CSK affinity-binding assay as
described under “Experimental Procedures.” B, in vitro identification of the EGCG-binding site of CSK. The full-length CSK
were translated with L-[*S]methionine using TNT and subjected to the EGCG-Sepharose 4B pulldown assay. C, modeling of
EGCG binding with the CSK catalytic pocket protein.
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Fig. 3. Effect of EGCG or analogue on CSK kinase activity
and phosphorylation of LCK. A-B, EGCG inhibits CSK kinase
activity in vitro. Kinase activity of CSK was assayed under the
conditions described under “Experimental Procedures.” C, pos-
phorylation of LCK on regulate CSK by treatment EGCG
(20 uM). (+): Positive control-recombiant CSK, and kinase
substrate (poly(Glu4-Tyr) peptide, biotin conjugate. Data are
represented as means+S.D. of triplicate samples from three
independent experiments.

& Z ¥ EE(ECG EGC, EC)Z EGCG CSK
kinase &/4< vl AF3UTE EGCGe tHE ETHss
of ulal] 7 7= SHAl kinase 242 A5 tH(Fig. 3B).

I oo g CSKe 712E 4# 3 lymphocyte-specific
protein tyrosine kinase(LCK)E ©]-8-3>1 EGCG”7} CSK<]
G vRl= FFE ERIEH. EGCGE 5% H=E A
2l3l9E W LCKS kst s oeq oz fhaske A
< RISk THFig. 3C).

MZ Mol gt EGCGe| &1t - 2 Aol <
EGCGE X 5218 AR E ¢ o] a3t 3
< Byt B AR x EGCG) X 2o &
3 332 2R v} ST Al ES2A] -4 CSKeke]

131

>

120

100 -

Cell growth (%)
[
= =

40 ~
20 -
{' 1 1 L 1
0 0.5 1 5 10 20
EGCG(uM)
B EGCG 20pM
- :
=
=
-~
i
o~
72!
Q
é »"—? ".' g
= Al R
+ % < . - v
:I‘_- ol | A x hi A ('lf
4 , e N
n
Q

Fig. 4. EGCG inhibition of Cell growth and focus formation
mediated by CSK knockout MEF cell lines. A-B, CSK knock-
out MEF cell growth was assessed by Cell-Titer 96 AQueous
One Solution cell proliferation assay (MTS) and focus forming
assay in the presence of increasing amounts of EGCG.

PAZ S98l7] 918kl CSK++9} CSK-/- MEF |22 A
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AR e CSKel| ek A7+ A9E™, embryonic
carcinoma cell line?! P199l4 CSKe] @&lo] =2 Zlo] &
A= AT} o] AZFol|A CSKe= Al T2} Aol ofs) uf
N=+= cell-to-cell interactionol| 4] S 2.3k 98-S Sl= Src
family kinase5-& ZHE 2 M neural differentiation®l]
oJgita 44 rh'® e A agelxE o] A4
g Mzt 18709] Tt Mol Al CSKe wd 4
T5 IRIskTE. L A, g AlZolA A Ml
X} CSKe| o] dA3] S7hEo] e RS Elskd
ok rketell #ak CSKe] TS A Ew, Y4 breast
Z2]3} breast tumoroA] CSKe] kinase 84S ARSI
CSKE “g% breast 2] ¥} breast carcinomas, -3¢ A3
FoA H& W3 F kinase 4L A

EGCG®] ¢ oA 71l tsiie B2 A7t o]FoA
ATk & SAfel|A] & Hol= FH APY o) Hol¢]
345 o @AY HHS AR dAE] 7A ) A&
2 %714 83 Aotk EGCGY] dhatg-o] M
149 g 523 urokinase plasminogen activator
(uPA), matrix metalloproteinase(MMP), E42k4 52| <A
£ B8l A8l Bl

N

oFMl 2] ZfollA F23F hydrolase?] uPAE 7|4 2tz
AXZ & 7189 HalE FXs) wPAE T, A, A9
A, S1PAl o T o] JaA el AEEE A
olo] W2 TS 51, o FE o Fsl=d T8 A
#7} "ok S ERIAANAM wPA SHlE TG e =
o|AY & AL AAIEATE. EGCGZE 917t A-4-5% Al

Q.

XZ(human fibrosarcoma cell line)2] HT-1080 A|3ZE- ©]-8
3k Ao A uPAY] WES A Bav) ek o
A4 EGCGE uPA®] promoter /4 A5 uPA
°] mRNA9| eHgstol] Y& F3oh. the Hioxe= ¢l
7+ 773t A2 (human oral cancer cell line)?] OC2 A3
£ o]gslo] Ags A3}, 0C2 A2 o)F53 el
EGCG®l I3l A=A, 2 #7g oA MMP-2/9, uPA
o] uglo] FrolEH o w AAES s selF
¢+ M| Z(hypopharyngeal carcinoma cell)o|A= HGF
(hepatocyte growth factor)ell 23] FeslE S A3,
o], & HAA A T o] F71EE MMP-93 uPA7}
EGCGell 2JaiA oAlEE 2e selsan””

MMP-29} MMP-9= ¢+ 31 9|40l 4] W&lo] S71s
o] 7|A kel BHE S8l MEHES F=vh H2 2EY
MMP SAA7} A=A 7] 5L QAR Tl AAIRE
2EA% 5o BAgo] Ueht Abgel @=L 9ok
EGCGe] MMP A 2Rg sl B2 A7-5°] Bil ¥l
om P dgeke] EGCGE AXF 4% MMPE A8}
o] FPAE] HES 50% FE 7o) By Hiek Y
2 Aol o)alH, AAWE(glioma) Al EF U251 AE
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o EGCGE A2lsh Alxe] a3} Adade] oAl|==d] o]
T MMP2/9¢] mRNA 2&o] Yolitha Busin> o
& Aol = et AlEF<Q MCF-73 MDA-MB-231
A EA EGCG7F MMP2/99] 8745 A A1 A TIMP-3
(tissue inhibitor of matrix metalloproteinase-3)¢] H&S =
TRz AL Feg A= AL g

EGCGe &AnE Asles aitsl @48 2= 2o
2 AL vk ST EE IAEY & ol #
¥ reactive oxygen species(ROS)E T AJ/4J gt ROS
AEZ W F83 Asdgxteln, 4= MMP 5 &3
HE fFAA P S FReh HaE Ao oJstd
hypoxanthine-xanthine oxidase system 2.2 4§ ¥ ROS7}
oMo 8-S STk 81t Ascorbic acidol|A]
Fefgt x84 asc-2-Ophosphate-6-O-palmitate(Asc2P6PIm)
52 carotenoid= FAFSHFE-S Bl oAl ES] FEHS ¢
Aslict? #nk okel, superoxideS A7 eFRE §491 Cu-
Zn superoxide dismutase®] X7} AF A4 Qto] = A
o|F Attt o] AFHES EGCGoF 2 aitshAl
7} A o2 o] ofER ] NTFsA 0] ASS AAL
g},

=E21e] EGCG7F €3S AAIEHs SHsh] <8l &
& Q%N(chorioallantoic membrane) SHS ARE-SH Ao
A1, EGCGE FGF(fibroblast growth factor)2 A 7o] &%
He BA @3 9 M2 S5 JAskeH, &
EGCG®| Al32d7 A= WalAl 2Rt 3= 0L, Al
E,AREAE, 83 A1 HE SolME duE a5 U
ERA] @3keh? H2 AollA SD ratsol] thioacetamideS
A2lslo] = MMP-93} FGF-2¢] @&o] EGCGel| 2ls)
AA S Gl

At OIS AM oA, EGCGE  extracellular-regulated
kinase(ERK)-132} ERK-29] €43} vascular endothelial
growth factor(VEGF) &&-& Adsto 24 daAS o
A3I9tt. EGCG7F ERK-12F ERK-22] 4L oA|sh= &
A 712 ofA] AeelA] edt). oA Ak upel o],
EGCG7T 483t g0l AR deiA doH, e =+
£ kinase= 27} olo] Q37| witell, EGCG= ©]
A3k Fol2S AFFFO =M F8A AsE A F
S Aoz AztE A oshH EGCG7F AARelIAkel
activator protein-1(AP-1)E JA|sle] F-HAptE S 24g
< Batgct? VEGF f+42F promoter= J2] AP-1 2
915 7H417] Wl@ol] EGCGE ARIAR] AP-19] 84
AR O 2R VEGFE] LS AT 4 Ut o
%4l & ul, EGCGE ERK-13} ERK-29] E4& A3}
Ak, VEGF promoterdl] ZARIZF AP-12] A3 A8l
VEGF #3& 288 & rh

Epidermal growth factor(EGF) 21& AgAl= A4
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A fARR] VEGFoF IL-89] WS Zdahe 9] 2491
A2 LA Utk EGFR A& ©]-88F Aol A%
oF FF ol VEGE, IL-8 23 2 I3 A4S 1
3=t} 3 EGCGE EGF7F EGFRO| Adtele AL
2peksle] EGFR 148 @492 oAl 8kt EGCG7t
EGFR 213 HEAE Alehe A& 7168 2 deAA|
2L AAT, EGF A5 oAl= EGCGY] a7t
A G AA S} T DA -] ofs) T
NE + UeS AAg

g A7eolME EGCGZE ps3 H|2lE2el 22 VEGF
2 MMP-99] €4S 24T F U= 2= YeEon,
p53 Hle]&H el AR E EGCG7F AMPKE] 84S &
3 A E2] Hol2 oAlshe AL Falsirt?

EGCGe= 7 &<l 318H4 of|vl-2 ¥ (chemoprevention) =
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