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ABSTRACT : Previous studies showed that epigallocatechin gallate (EGCG) have substantial effects of sup-
pressing the N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)-initiated cell transformation process on the bases
of foci formation frequency and loss of anchorage dependency. In this study we tried to clarify the molecular
mechanism of suppressing the cell transformation process. Mouse cell line balb/c 3T3 A31-1-1 was exposed 2
days to MNNG followed by 15 days 12-O-tetradecanoylphorbol-13-acetate (TPA) treatment for our transforma-
tion process. EGCG was added after the time point of 24 hours exposure to TPA and incubated for 19 days.
2029 genes were selected in our transformation process that showed fold change value of 1.5 or more in the
microarray gene expression analysis covering the mouse full genome. These genes were found to be involved
mainly in the cell cycle pathway, focal adhesion, adherens junction, TGF-P signaling, apoptosis, lysine degrada-
tion, insulin signaling, ECM-receptor interaction. Among the genes, we focused on the 631 genes (FC>0.5)
reciprocally affected by EGCG treatment. Our study suggest that EGCG down-regulate the gene expressions of
up stream signaling factors such as nemo like kinase with MAPK activity and PI3-Kinase, Ras GTPase and
down stream factors such as cyclin D1, D2, H, T2, cdké.
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Abbreviations : MNNG: N-methyl-N'-nitro-N-nitrosoguani-
dine, TPA: 12-O-tetradecanoylphorbol-13-acetate, MAPK:
mitigen activated protein kinase, PI3K: phosphatidylinositol
3 kinase, CREB: cAMP responsive element binding protein,
TGF: transforming growth factor, FGF: fibroblast growth,
IGF: insulin-like growth factor, ATM: ataxia-telagiectasia
mutated, CDK: cyclin dependent kinase, JNK: c-jun N-ter-
minal kinase, mTOR: mammalian target of rapamycin, ECM
endothelial cell multimerin
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AEEsRe] Ald AP7IRE o] R3] ¥ AL
ol i} RAS/MAPK 722} PBK/AKT AZ7} 79 A=
2 AANFHIT 9Jom (Vivanco et al, 2002), Tyrosine
kinaseE %3 2F. 3= Herceptin, Gleevec, mTORES EX|
22 &= Rapamycin, PI3KE #3422 3= Wartmannin
T olE AR JAE FAH0E = Rl A) =
= NEFAPAT &< LI QIe} (Senderowicz er
al., 2004). o1& AR A Al dL A E3o] AL
o] FFHLE Jun, Fos 5 HARIAES SA3AA A=E
2ol Q3 fAATEE WEAFIE, p21% cdk inhibitor
ol Ahgate] HEF7)AHE FX8AY bel 2, bax Sell
H43le] ofEBAIAS s Fo AlE AR ==
AR Folle A3 AF v 317 220
g3l AEUIE A SIS 7 B o &
ANg Zloz A7E 9lom] EGCGe -89 a9 diat
o] & A WA EAo|t}.

EGCGe FAl ghir=lel ole T4 521 sl (Fujiki
et al., 1988)°1™ o] B2 A Ezlo dsleds W
AF7} o] FolA 9o} (Fujiki er al, 1992: Hirose et
al, 1997. Liao et al., 1995: Mukhtar, 1999: Chen et
al., 1998: Yang ef al., 1998), L 5} WAES J3ls}
A A UA gdet He] Q7 ofshd, § B gk
o} Zhg-o] HEF7ZFA 8|2} ol EEA| 2] f=e 7]0)
8 7lsAde]l AAE vl 9127 (Gupta ef al., 2000: Ahmad,
2000: Gupta ef al., 2003), telomeraseS 33} 7 9]
qA B F8714 F s F glokn BEaEgio)
(Nasasni ef al., 1998: Nasasni, 2003).

Balb/c 3T3 A31-1-1 AEFE o|&3} in vitro 93} 7
AL T2 M E43 AT W54 0] 2 I g
A 5 E AAHLEA st B4 Zd3T glon
(LeBoeuf ef al, 1996: IARC, 1985), YIsl7jAj¢la}be} 2t
AEAIdARe] FHA o AHEgsdar deiA Q1AL 59 g A
ol wlsl] A1F717kE ZA == (Tsuchiya and
Umeda, 1995: Kajiwara et al., 1997). 5 A|EF¢]] i)
AlQIALZA MNNGE, 2E310RIEZAM TPAZ 247 A2
g oy EGCGE F7HH 2 Aejsie] AlxstzlaiAelA
EolF oz = A AAUEE §4A7) EGCGell 9
glod ofgA e ARS WA Ter FESGT X
HEFHA A o] ZlsAY A A BF
20290 $12¥ ol& Al F EGCGH ol 2]3le] Wl o)
Z718 7o) Fels waol AAl=EAY wile] 2had A
o] ¥Hglo] Ex1% HARE= 6310E WAt EGCGS A

o4 - k] - A4S - e

F33} A 2Rge] EAp)Tol Hsled= el ARkl A7l
of3led g 37l wl 9lort, cyclin DI, D2, Hg# 2
2 N EF7\ T AR AEZ HF AR L3l flA
2l transcription factor 3, nemo like kinase, snail homolog
2, IGF-1 84 52 989 47l 23l EGCGH #
AFA 02 A Zo] Wzl Aolvk. In vitro XA EA A
AL o] 85 FAAPLE oY i3RI EE ) A8
7179) AL AAH o2 A7} 543l vlFe] o] AT
oA AAF APAA o A 35 B o3
AEA A el glo] T2 7| =E AT Aoz 7
g

N L e

Aok &l ARBI17]

MEM Medium, DMEM Medium, FBS (Fetal Bovine
Serum), penicillin-streptomycine Gibco BRL (USA)el| A
TF45191 2™ Sodium bicarbonate, DMSO -2 Sigma’}
9 AL AHgstgth. MNNG TPA, EGCGE Sigma
(USAPIA Tsistdon, Soi= A-83t DMSOE A2 4
A3t 34 AE F=3HA] e 0.5% o2 F=elA] AL
439t Total RNA¥E RNesay Mini kit (Quiagen,
USAYS AHE-3le] 323150} Mouse®] AA 027t 27
Al# Genechip 4302.0 Array (Affymetrix, USA)E o] &
3l91 2w cDNA onecycle kitZ ©]-83le] DNAFA,
cRNA @4, cRNA =#3}e} hybridizations 33}t
2 9)e] ethanol (MERCKAD), Streptavidin Phycoerythin
(SAPE, Molecular probe, USA), Bovine Serum Albumin
(BSA, Invitrogen) % 7]e} A|oF2 2% EF& ARE3IolH
RNA A% % $£=54L Agilent 2100 Bioanalyzer
(Agilent, USAYS AR&:3153tt.

MzEos 2 tsledn| Xz2|zhy

oA A EF Balb/e 3T3 A31-1-1 (Holf=l Ao}
AEYyE 48 B3e A7l o2y Bopigid).
o] MEFO] wjckHe] WA IAZAN MNNGE 5%
E 500 ng/ml2 27+ AP 3 F A2 A2 2
sFgiom 49zt F7b kst g BEEAS $3)e
TPA ZA8le4 (F%E 100 ng/ml) 712 1597 o
WlFslch. EGCGE TPA A2l 24A417F AA Aol %
T 20 ugml2 Mslgon TPAXE F2F 597 o
wjokaielet. o) AL =ASH ol 1= R} (Fig
1). MNNG#} TPAS] 5%+ CHEMICONA} (1]=Hy7} A
Agt AEGIY 22 EFel wghem EGCGY xRt
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Fig. 1. Time scale of MNNG and TPA induced cell transformation process and its suppression by EGCG
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DNA microarray SHME MEZES|l =X %L RNAS|
=B

A7) A 2ksl g sksledA] Ml & TPAxE] 24417t
73 A 5 EGCGAEF 19 A3 AJAAA 22 Al E
& $83led o|E DNA microarray 3|4 A EXF O
3%t (Fig 1 FX). °ol& FFS PBS ¢392 AAdt
% RNeasy Mini Kit (Quiagen*l, USAYS ©]&38}o] total
RNAE FZ3)5i

DNA microarrayg& 0|28t FEXAfs sy

E Age| A3 DNA microarray$ DNAX (Murine
Genome 430 2.0 Array, AffymetrixA} USA)ll= 34,0007}
o] ko] FARle] o)-5-81= 45,0000 ©]Ake] DNA probe
T4 Holglet £ Ao 2E AL AffymetrixAtoll A
ATE ¥F T2RF (Affymetrix Inc., 2004 wsiet.

(1) &ALl &J8t cDNA®] 34

One cycle ¢cDNA synthesis Kit (Affymetrix)S AH&-3}

om Sugd total RNA EFE ARSI}, #A], RNA/
T7-Oligo (dT) €FE-S PCR 71715 AMEsled 70°C, 108
7F A AR F, A EFES AR o] S
o] SuperScript II EAE 7|8}, 42°C, 1A7F ¥RA1H
o} o] F A3 EFES AR 16°ColA 24 7F WHEA]
Ak AAE DNA FEL cDNA Cleanup Module (Aff-
ymetrix)S AR&-3te] A A

(2) Biotin ¥#] cRNA®] §433} =i 5}

in vitro AA} FA] 7B (Affymetrix)E AMstach HA,
in vitro AN EEE AR F, £919 cDNA £F
I tFE cRNA FEFZ RNA Cleanup Module (Afty-
metrixy& AME3l] AAIS19100, Agilent 2100 Bioanalyzer

2 ARt Aesigint. of ®ES w3} ool Ejtst
T 94°Cell A 3587 HRSAIFIE

(4) Eurkaryotic Target Hybridization

in vitro A} BA 7)E (AffymerixyS- A3t hybri-
dization cocktail (20X Eukaryotic -hybridization control
(bioB, bioC, bioD, Cre), BSA, oligo B2, herring sperm
DNA, target fragmented cRNA 312 whEal o sish
cRNAS &3}sle], Probe Arrayell 200ul® dolF o
Hybridization Oven (Affymetrix)ol A} 45°C, 60 rpm, 164]
7 WA,

(5) Probe Array®] M, 94, AL

GeneChip Operation Software (GCOS)E ©]-8-3}+1, Fiuides
Station 450 (Affymetrix)?|A] GeneChip 22 AZ E o]
9] Zr%Zd we} ARE AYsIAet. WA, primingTA
o oo} MAANAE HA T3S streptoavidin phycoerythrin
£ o]gale] stainingZ}-S =3I

ojAke] zate] 2l Probe Arrays GeneChip Scanner
3000 (Affymetrix) 2.2 2dste] s Ze2sgls o
et dlolele] #4942 Avadise} R Z213-E o851l

dnt o 03

RNAS] M2 2 microarray AgaiEo| &ol

A&l A3 total RNAX= 55 rRNA ratio (28s/18s)
7F 1.92.1 A}e)9) zFe Jele] DNA microarrayel] =&
g =S el

DNA microarray A8 34 5 in viro AAAE E<l
517] $sled U2 cDNAE AlZ4 EFS] cDNASH 722
FAs A A AL in vitro AR 0] A wE S
& AA"E RNAZ FHqlherm, cRNAS| ¢
hybridization E:$-% 0|3 27 T2 Fol7] Hlsjed v}
T g5o] - EAlFl M 7HEEked 35200 bpR T Bslol o
o], Aelr AMEE FF BT ZE2EFX AAsh=
7188 S
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(1) Probe array °]m]A] gl

positive hybridization controlZ. ¥ "B2 oligo®]
intensity & & oJHE X E 23l hybridization®] A
< sk

(2) ¥ background®} noise(RawQ)zk

3T background FH-Z EF 20-100 Ate]7} A o|n,
£ AFAME 100 o)A 3 Yehigio Qe "ad
HE factorsE FE3) 1ElE £ o 2F S 2kl
33} Noise (RawQ): probe2] pixel-to-pixel variation
T2 2 A, scanner®] electrical noise?} sample qualityl]
o3 ks ey B3] AR rolZ: H|Fe] I 7
< scanner®HE Q2 array datae 5 ©)3E FAISoF &

CHh B AR 152 fAe ke ek,

() HEE FHAe 4 gl

RNA sample?} assay qualityS #213}7] $J8le] B-actin
3} GAPDH®| 3 - 5 - probe set?] 3 - /5 - ratio’} 2+ array
EF 1-3410]9 ks vlefdie] 3+/5- ratio7) 3ols}el 271
< FSAFH

(4) Hybridization control (bio B, bio C, bio D, cre)
)

BioB, bioC, bioD¥ E.coli®] biotin §Hd74 =20l Feid
frAAtel™, cre= Pl bacteriophagedll A Q& =3 4
Zle]t}. GeneChip Eukaryotic Hybridization control kite]]
£ o]% 9212 biotin-labeled cRNA transcripts®] &%
£33 o]Folzl 20X Euaryotic Hybridization Control
(bioB 1.5pM, bioC 5pM, bioD 25pM, cre 100 pM)°]
=°18le] hybridization o1%-2 &el3F 4= glgic}. B Al
oM BE amrayellA olE FARP} BF oFAM-S et
Welem signal = olF 3R ZH2be] AdAl B2
2 Hledsisie.

(5) Poly-A controls (lys, phe, thr, dap) &<l

Poly-A RNA control> A target labeling 43S =
YE 3l=dl AM-E%ITE GeneChip Poly-A RNA control
Kit> 2] A€ lys, phe, thr, dap] EFEZ o] Foi4]
giom, & Aol AL} amaye] 72 signals Eelgh A,
BT ez gql HYA, 4 Al (1:100,0000),
1:5,000, 1:25,000, 1:7,500)2 gol& SZAHe]| ts}e]
AAE vepiglel. =3 2 718707 0.9-1.000 Tk
A& 2o hybridization 3} HAl}A o] JFHoz

TYHHEE 2 sl

(6) Scaling factor

Scaling factor Zf-& 2 AP FlA 33 A% s
Yehhs Aol ulgsE 1 A} 2 A% 4B 3
o7} Weke A% Srle £ AgeE BE A5 &
AVgk 3k 7FAIe,

(7) Scatter correlation graph

B QFolE 2 Az Baled 47 3342 P
WA RS el en ofF HHEe] elA arrayztel
variation oJ¥-& AW 7] 2]35}e] scatter correlation graph
£ ZEs vl FAMell AR present 7S] signal o]
24 o|jell S8l T I Z B FABH Vel

FEA we =20y W HIolE 24

SlollA grEe}Al d ole|2AE AN 42 5
AE 23S Eol7] 93] house keeping geneo|v; H¥
3} g FAAEY HEARE JFeR Aol BF
3H(normalization)S A3} §AApE d)olE1 S BA s}
et

MzetslzidoiMel FERIUE Ha)

A ZFExE] (MNNG + TPAYI 23 fdxpdse] $7t
S HQ) FAAEC] owdt FA2E EGCGoY 28l 3¢S
k=] 2ARsL] $l8] WA T AR f3A
FHE 7150 R sl AEE3} A2l Pz W
(fold change, FC) Z+& T3k Fig. 2] oI5 4z

Fig. 2. Distribution of total genes by their fold change
value of gene expression in- MNNG and TPA induced cell
transformation process.
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Table 1. Functionally categorized lists of genes up or down regulated in the MNNG and TPA induced cell transfomation process

CELL CYCLE

minichromosome maintenance deficient 2,3,4 homolog / ATM homolog / v-abl 1 / polo-like kinase 1 histone deacetylase 6 / mad2-like 1 / budding
uninhibited by benzimidazoles 1 homolog 3-monooxygenase/tryptophan 5-monooxygenase activation protein y polypeptide / checkpoint
kinase [ homolog / CREB binding protein / RBI / GADD45p / p27 / TGF B2 /cde 7/ ede 25 homolog cyclin A2, B1, H, E2, D2

FOCAL ADHESION

integrin 'V / myosin light polypeptide kinase / protein phosphatase 1 regulatory subunit 12A, catalytic subunit B isoform, catalytic subunit y
isoform / rho-associated coiled-coil forming kinase 2 parvin o / vinculin / PI3K polypeptide 2 / PTK2 / rho GTPase activating protein 5 ras
homolog gene family member A / procollagen, type T a1,2 / type V &l / type V a2 c-fos induced growth factor / PDGF-derived growth factor

C polypeptide / RIKEN ¢DNA 6230417E10 gene jun oncogene / laminin o 4, B 2, v 1 / thrombospondin 1,2,3 / caveolin 2 / baculoviral IAP
repeat-containing 4

ADHERENS JUNCTION

transcription factor 3 / transeription factor 7-like 2(T-cell specific) / nemo like kinase / CREB binding protein fer protein kinase testis specific 2
/ snail homolog 2/ MAPK 1/ TGF B receptor 11/ FGF receptor 1 IGF I receptor / ras homolog gene family member A / WAS protein family

member 2 / acid phosphatase 1 vinculin / sorbin and SH3 domain containing 1/ actinin « 2 / 1Q motif containing GTPase activating protein 1
par-3 homolog

TGF-3 SIGNALING

ring-box 1/ activin receptor ITA / mad homolog 7/ CREB binding protein / inhibitor of DNA binding 2,3,4 activin A receptor type 1/ inhibin
PA / tho-associated colied-coil forming kinase 2 ras homolog gene family member A / TFG P receptor I / TGF B 2

APOPTOSIS

protein phosphatase 3 catalytic subunit, o isoform / ATM homolog / caspase 3,7,12 baculoviral IAP repeat-containing 4 / DNA fragmentation
factor B subunit / nuclear factor of « light polypeptide gene enhancer in B-cells 2 (p49/p100) / protein kinase type II o, B nuclear factor of «
light chain gene enhancer in B-cells inhibitor o/ calpain 6,10 / IxB kinase B PI3K (C2 domain containing) o polypeptide / PI3K (regulatory
subunit) polypeptide 2 (p85 P) interleukin-1 receptor-associated kinase 1

LYSINE DEGRADATION

OTU domain ubiquitin aldehyde binding 1/ RIKEN ¢DNA 1810004F21 gene / HLA-B associated transcript 8 suppressor of variegation 3-9
homolog 2 / procoliagen-lysine, 2-oxoglutarate 5-dioxygenase 1,3 glutaryl-coenzyme A dehydrogenase / hydroxysteroid (17B) dehydrogenase
12/ serine hydroxymethy] transferase 2 aldehyde dehydrogenase family 3 subfamily A2

INSULIN SIGNALING  *

MAPK 1,8 / suppressor of cytokine signaling 3 / protein phosphatase | catalytic subunit B, y isoform calmodulin 3 / phosphorylase kinase o 1 /
protein kinase type I a, 3 / acetyl-coenzyme A carboxylase PI3K polypeptide 2 (p835p) / hexokinase 1 / Casitas B-lincage lymphoma b

ECM-RECEPTOR INTERACTION

laminin o4. B2, v1/ procollagen type lo 1, 2/ type IV 2/ type Vau 1/ dystroglycan 1 thrombospondin 1, 2, 3/ integrin o V / syndecan 4 /
cd47 antigen / cd44 antigen

AHSR2E cyclin Bl, A2, DI, D2¢} & cyclin 59}

HEk dshiled] b2 A fAAe 22 Jepigic
o CDK ishibitor 1B (p27), CDC7, CDC25, RBI#} 22

W AL a5 BRI Eol A 4 7ol o)

2771 veket BEE Vepigle), 2 AeM = wale)
H3hle] 75 152 sllen] M 2gkst Azl e
W) 7R Mol A= BE 2009707} AEE gt
A ZSEsE 22le] 23l o] F2hs vl F 202970
FAAES KEGG pathway 5| oJE] #loj 2ol wle} 7]%4
2 e u AETT) IRIQIAE AlZAZE AR B
Ak, AEZF HEA AAQA}, TGE-P Al 2 Azl
AL, oFEBA A FQIA}, Lysine B3 A=A}, olEE Al
IAYAR B}, EOM--84) AF32k4- Teiela)

=3
N9 He| e E Yoz et (Table 1). AEF7) 3] 41

W FARRE] AA7]el it Al 27147 AR A=
FAAEE i) HE2e] AEH F4], Alxe] muleled) o
3= Zloz Welth tjiAel 71223= PI3K, protein
phosphatase 1, Rho GTPase activating protein 5 53}
integrin aV, laminin, procollagen®} 72 M|E2}7]2 gy
A Fol 7)o S A2 AR H FAAEE F
2 A2 AR T2, AEL AT A[" fAAE
o]l ow] W FEA O F = transcription factor 3, nemo like
kinase, CREB binding protein, MAPK 1, TGF-B receptor
1, FGF receptor 1, IGF-1 rteceptor 5 ©|31t}h. Caspase
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Fig. 3. Strategy for identification of genes differentially expressed by EGCG treatment in MNNG and TPA induced cell trans-

formation process. M indicates MNNG, T for TPA, E EGCG.

H5, NF-B, Bc-2 5 olXEAA B §A2 So
MNNG2} TPA ]l oJ5t A EtslalAelr wae] &3]
HAAY A= Ao vepdcl. w3k ATM# 28 DNA
TE H fARLSe] AEgsA A dae] $71E et
Woloh dubgog qistel Mze Rl 4% 5
Anchorage 2]&44¢] A, HE-7]AZE Y M 2L A 249
A 54 354 BAS 7XIAL 9lxdl (Lanfrancone L
et al, 1994), $2}7} MESFsA A o} W 20207)<]
FAAES 3 A2 T84 BAL Hojsl=d @
ofshe AL = QX34 9 AEY AFAGAR Y o}
EBARE] A13AF HE Ao EAlele fAA) FFE
o] FI 9l AR Jehio)

MEZASIAN 2FHHML| FRXILS Ha}

M ZFERA) A= Z(MNNG + TPA + EGCGYS AL 2
2 vbioR weke] 7218 73k o A2 71
FAAL whal wisle] 2lolE 2l A}, Al ZEtElERI oA

Hlo] Z7lslAY 7H2" & 202909 4R} 3 A Egks)
A Aol ejzied LR folslA Walo] AAHA
o] Zx1° A= 631 (FC>0.5V1E ghd Ao (Fig. 3).

ol&S A 7ol wiel Bisl £ vl 2 AEF
7) FAQA), A 222 Bedal, gxstolw 2u) A=ig)

2}, Huntinton's disease #21Q1A}, o} L EA|A AR} F
o &3 FAAECINY. AEFY] FUANE cyclin
D1, D2, T2, H @ CDK®, histone deacctylase 6 5031
2 M EZ3 F=IdAlell= transcription factor 3, nemo
like kinase, snail homolog 2, IGF-1 receptor Eo| A%
HATh AME AL Fod3E FHAZE Son cell
proliferation protein, fibrosin 1, bone morphogenetic
protein 1 (BMP 1), PI3-kinase, nemo kinase 5°] %%
F et oyl = Ras GTPase® A 3A7)1= AR U
%z} RAB GTPase activating protein 1, IQ motif containing
GTPase activating protein | &3 AP 2B A
Z}] peroxiredoxin 1, thioredoxin-like 1 S°] &=}
Caspase-3, 7, Sl&d EHEL, U= FohwjfLa),
calmodulin 3, Huntinton's disease gene homolog § Y=
8}o)w] X)ull, Huntinton's diseases} 2+ A7 53423} 3
HelAZE EGCGe 28k Wae] fxuAv} Ad=ls £
AEA 0 2H 228 Ao] Bl st & 4 glort o A
glo| oL EEA|Ao| )8t HAAH EL) AlHe 7|98 7V 5A
o] A7|=IL il ¥3o] (Bredesen et al., 2006) 3%
3] olafg 4> 9= doloh. EGCGrF AbsR 4ol 2jsle]
28" HMEAE d9d 4 9dvie 2T (Koh e al,
2004y oj2fgt 7l S SRS delelo A=A



BGCGE] AESs} ol lel That Siapaal s 131

Table 2. List of representative genes differentially expressed by EGCG treatment in MNNG and TPA induced cell transformation process

Fold change value

Gene name Known Function
C: MT C: MET Up/Down
cyclin T2 MyoD-dependent transcription, regulatory subunit of cdk 9 1.6 -1.5 {
cyclin D2 Hypertrophic growth in cardiac myocytes, regulatory subunit of cck 4, 6 2.9 22 l
cyclin D1 G!-S cell cycle progression, regulatory subunit of cdk4, 6 2.8 23 l
eyclin H Meiotic expression of the cyclin H/Cdk7 complex in male germ cells 2.1 1.3 i
edk 6 associates with the androgen receptor and enhances its transcriptional activity -1.8 -1.1 1
Neighbor of brea 1 unknown -19 -1.3 1
Son cell proliferation .
protein prof Fyn-associated molecule 2.0 11 }
nemo like kinase MAPK kinase activity 15 -12 !
serum/glucocorticoid
regulat%d Kinase 3 serine/threonine kinase L5 ~L1 !
hosphatidylinositol . L . .
g—kinlz)\s " y Ras-mediated signaling, anti-apoptosis 2.2 1.5 !
RAB GTPase . L. 29 12 !
activationg protein 1 GTPase activator activity - :
1Q motif containing Ras GTPase activator activity 21 1.4 !

GTPase activating protein 1

C indicates no treatment control

A% W5} AZLE] 2 AN el A2 385
£ VS Bl b slend oJel 35S
EA02 2] 27158 IR sk ELE
Sl A4S A% 1
SJl7} Qg Ao Az,
EGCGE) ol i ool Al Este] 3471

7ol thated
E olnl el A7) 3ol glvth. EGCGe otERAA
Z 95)7 cdk inhibitord] WAF-1/p21S f-538)e] A%
F7NRGL G171l A g Aol A slem G-
protein A% A E]=ol] 43l §-47), telomerase, MAPK,
AP-1, NF-kB 5ol gt A3 os Ag3tvh= A
7F Sdet EGCG7} EGF$} 1 484 2}e] AgE Asfsim
HIx2RE-S Adahele B gl ofu] el o)A
o e BGCGS) A8 98] vhelzizellel SAA
AT AFFRE g 4 st cyelin DI,
H 53 72 Axavidsd 421, AE2 A2 42
o 43 FH A transcription factor 3, nemo like
kinase, snail homolog 2, IGF-1 receptor 52 $-2l2] <
Fol) elaled EGCGE] BAEACE Aol 52 Aol
(Table 2).
AEIele] Ad APARE obd F25] WAl AL
opu} RasMAPK 7429} PI3K/AKT 727} 5% 722

AAE I ek (lgor ef al, 2002). EGF, PDGF %5 A&
AAIA} A EeS BEsle] EAR A EAARIAL 8
A2} Agtspd F4A9] tyrosine kinase A o3t
31 o] A1FE PI3K, Ras, JAK 5 AFEA] Exeh= <l
Aol % %ﬁ}ﬂlﬂl o] AT vm MAPK 5 A3x2
ARl 315 A} Al2dlo) =5 B3l AlEde] A
o} HFAHOR Jun, Fos 5 X*}‘}‘ﬂx}'—”‘ FARSAA A
ZAo] B8F FAAFS HHAIAY p2lF cdk
inhibitorEel] 288}y M EF7) 25 215 Hel bel
2, bax 5ol 2Hg5le] o] EBAIAE HLEP| % St o]
gt A sAYS R AAEL AAH R b EAle] F
AxAe] = > 9)2 Aoz Az o|n] Tyrosine kinase
Z ®A493 3= Herceptin, Gleevec, mTORE FEA o2
3= Rapamycin, P3KE FEM 22 3= Wartmannin 5
0|5 AmAre] AE EACE ) YA wx
ANZFANANAT} £ ALHIL . in viroZBeAA A
FApge] 5 ARl INK ARE Bolq22 Azt A
FAEA 2L FA ISP 2Eo] deix] gdzdtelw v o
WEA R AE I 9)= CEP-13479] A7 (Zhang et dl,
2005, Bozyczko-Coyne et al., 2001y3= 35 528 oA+
Z ukAiA7le] glo] HpHEAH R FQ3) oA S A3E A
o2 Hold,
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