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Many beneficial properties have been attributed to
(-)-epigallocatechin-3-gallate (EGCG), including chemopreventive,
anticarcinogenic, and antioxidant active. The antitumor effect of green tea
compound EGCG have not been studied clearly in head and neck
squamous cell carcinoma cells.

Previous study indicated that the constitutive activation of
singal-transducer-and-activator-3 (STAT3) were associated with the
proliferation of HNSCC cells.

Numerous reports suggest that interleukin-6 (IL-6) promotes
survival and proliferation of tumor cells through the phosphorylation of
STAT3. Constitutive of STAT3 in HNSCC was relative with its
proliferation and survival. Thus, compound that can suppress STAT3
activation have potential for the treatment of HNSCC.

Therefore, we examined in detail the molecular effect of EGCG on
four HNSCC cell lines, SAS, Cal-27, Ca9-22 and HSC3. In the beginning,
we found the great inhibition on HNSCC cells of EGCG. Further, we
focused the effect of EGCG on STAT3 signa pathway. In this study, the
70% lethal dose (1C;) of EGCG for three cell lines, SAS, Cal-27 and

Ca9-22, was 20 ¢ M, and EGCG inhibited STAT3 phosphorylation in a

dose- and time- dependent manner. Nuclear translocation of STAT3 was

VI



also inhibited by EGCG Besides inhibiting constitutive expression,
EGCG also abrogated the IL-6-induced activation of STAT3 and further
inhibited IL-6-induced proliferation on HNSCC cell. Compare with
Apigenin, Curcumin and AG490, EGCG was more effective inhibitor of
| L-6-induced proliferation on HNSCC cells.

Overal, our results strongly suggest that EGCG is a potent
inhibitor of constitutive and IL-6-induced STAT3 phosphorylation. This
mechanism may be at least partialy responsible for EGCG’s ability to
suppress proliferation of HNSCC cells. Taken together, these finding
suggest that this naturally occurring compound may be useful, in the

chemoprevention and/or treatment of HNSCC.
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1. Osthole ~ Magolol ~ Geniposide ~ Emodin # p ** 4k E {5 X FF 7 % 3 >
China Medical University (Taichung, Taiwan) e

2. Ritin ~ TF1 ~ TF2 ~ TF3 ~ 5GG ¥ p »ki= /8 X (7 F % % > National
Taiwan University (Taipei, Taiwan) e

3. Apigenin ~ (—)-epigallocatechin-3-gallate (EGCG)’ P p Sigma=r & o

4. Interleukin-6f# p Santa Cruz Biotechnology = # o

5. Anti STAT3 ~ PhosphoSer’*’-STAT3 £? B-actin antibody » P&p Cell
Signaling Technology, Inc. > #

6. PhosphorTyr'°-STAT3 antibodyf# #i Santa Cruz Biotechnology = # -
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221 ¥k

R FT 5 2. B i SAS ~ Cal-27 ~ Ca9-22 ~ HSC3 % 5 55 38 i fm
FetRy d BALACEEFF R E TRE o

SAS: 1 % 3" 90% # DMEM ( Dulbecco Modified Eagle
Medium) » ¢ 7 3 10%7FBS (fetal bovine serum) ~ 1% # % &4
W E R L B2 % (100x stock solution : Penicillin 50U/ml ;
Streptomycin 50 pg/ml, Gibco )

Cal-27 @ 8 & Y 90% 7" DMEM ( Dulbecco Modified Eagle
Medium) » ¢ 7 3 10%7FBS (fetal bovine serum) -~ 1% & % &4
W% R & 4 % (100x stock solution : Penicillin 50U/ml ;
Streptomycin 50 pg/ml, Gibco )

Ca9-22 : ¥ % **90% 5 MEM » & 3 F 10%:FBS (fetal bovine
serum) ~ 1%7 % & 4afk F R £42 % (100x stock solution :
Penicillin 50U/ml ; Streptomycin 50 pg/ml, Gibco )

HSC3: 1% % *90% < DMEM/F12: ¢ % 7 10%:=FBS ( fetal bovine

serum) ~ 1% R F @4 F R £ 422 % (100x stock solution :
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32 & R £ 05124243648 P o -2 L u| chim e * trypsin-EDTA
PR A - Ac S 215 migte F P > 4. 1500rpm - 54 48 -
Bzt Fik > 4~ 1 ml PBS #-im®e 447 > & 1500rpm ~ 54 48 o i
L ik o Blwie = 24T 0 b 2 4°C  T0% AR IFE R (7 e
T 2 (M”SHAKE 37 B R » — if — F SMBIFWF ») > £k
F»20CAKHE P R o H 2 % BE I mie Kok EES s B
1500rpm ~ 54 45 > Fic + ,ﬁ”‘,,z o 4t » 1 ml PBS #-‘m% w47 > 3o
1500rpm ~ 54 48 > ]2 1+ Gk o #defe = > 47474 » 500 g 159P] stain
& (Sigma) > #kF BI04 48 o L #dore i T FACSE * § » 14

;% w9z ik (Flow cytometry) 4 47 °
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25 m% %30 BT E

e 2 IX10° B I02 AR ¢ 0 F16~20] PFim e BE
6 %5 g TH L FEGCGE 33 F4p LW 3t mie g £ 47 - Fe
s > B mulnimie t trypsin-EDTA$ T e 32 2 % - 42fc B 1 15
mlggs g ¢ 0 s 1500rpm ~ 54 48 o 2 ",/TT_F iﬁ‘-;‘fé » 4t ~ 1 ml PBS #-
fwe 74T 0 #o 1500rpm ~ 54 48 o Bt ik F]52 0 4~ 1 ml PBS #-
T #& 3 1.5 ml eppendorf > #.= 12000rpm ~ 14 48 © * figE v

PR SAC R ke T 580 C k- B K¢ .
#eq B enfm 2 4e » i £ elysis buffer(10% glycerol, 1% Triton

X-100, 137 mM NaCl, 10 mM NaF, 1 mM EGTA, 5 mM EDTA, 1 mM
sodium pyrophosphate, 20 mM Tris-HCI, pH 7.9, 100 mM
B-glycerophosphate, 1 mM sodium orthovanadate, 0.1% SDS, 10 ug/ml

aprotinin, 1 mM phenylmethylsulfonyl fluoride, and 10 pg/ml leupeptin)
Btk o F10ABRT - (M vortex R BT ) - FRAFT = =
(6 A uRFABRT1IA 4 58w 12000rpm ~ 304 48~ 4°C » 1
B g B b diR o do 3t ATHeppendorf? o b b iR T L e

v (total protein) o § 3 F—v F T E > UEF F50ughdo B4 KR
#2000 H * o

#-v 7 % & > 14 Bio-Rad Protein Assay Dyek p| < - H k32§ it

16



40 > Bio-Rad Protein Assay Dye® f& 4 hCoomassie® Brilliant Blue
G250¢ &1 HHE aFv FERZRERIZRES TR P&
it o i F 39 RR A 020 ug/mlpF 5 B REEE Kgd fr il
EARd BRI RLIFES o P4 hBio-Rad Protein Assay Dye (1:4
MilliQ k) Iml A %4 »0~2~4~6~8~ 10 ulzrBSA(Bovine serum
albumin 2mg/ml) > ;8 & 353 15> B~200 ul2_ 78 & /% I 963 45 » 12595 mm
7 g & . ELISAreader ™ if Bevx sk (E > 3 02 b BEEF R 2 VR k BaE ¢
R R(w §F kB £270.9954 FH* ) o BoF R 2 Fed FiR2ulin
&> 1ml #-f# Bio-Rad Protein Assay Dye » 2200 ul2_ i & % 1 963"
4% 5 2595 mmzo k£ B ELISA reader T 3 B~vx kim0 I 0uiE 2 4D

R E T FRR -

26 3-v 2 AL+ (SDS-PAGE)

FEROTR T A KR S Bio-Rad Fv FRAN FERER e
g 18> Ao r & BWREIA R (separating gel) > £ e » FpE R K
BT FEE S EEE E B0 4o » B3R (stacking gel)
& w’]‘ﬁ' ’ zfr’iﬁ%*”«;»tr?.‘ ’??,J\ﬁ%“ LN T R (running

buffer) o B~50mg3-¢ & & & 4 » B /5884 1 6x sample loading dye °
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3099 CHhegSaais > g Btk £~ R A - 280V
HETA O FES ABEBI A PR BT RAFLIIOVES T

o/

Ao BIES AR IR AI M BP L IRABEED .

275 * 8.2 (Western blotting)

Al R AL R 5 Bio-Rad JRN T A E R s
1 SDS-PAGE {4 > *7*% fOR a0 &> > 93 5 ix b gdid & e ( Transfer
buffer) # o B~ger A (B i & & nitrocellulose paper)*» = % 5 =+
oo ® R OEREE S k4 2 SRIRIE G 3M IR o (4 IR il e
Aoodpt e BB R s B A ZSRIRENIM RN o (LR | B
2L F )  EEEING e LR B EIRG 2 f 4R 12 70
mv 3P o 2 18 g Fr 2z ~ IX TBST 7 5% "og 2 4 o
FRFEF V)P NEERG 0 FHREE 3 D7 F o FHER
Blocking e 4% » 4e » % — =448 (1 : 1000 ﬁrﬁ) » BN E R
Pl T 2/ PFTE 4CH& (gE 12/ pF) - % — =X kY
wrE Big o2 1 x TBST 7 FES LA TNoR de b - o FRE( 1
2000 #f#) - B EAEM LD 2] PF e 52 - A e A
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1 x TBST 7% 5 & 48 = =t o B« {8 %48 B 3% j2 »% ECL 24| (Enhanced
chemiluminescence) ¥ & 1 ~ 45> £ B A UFE P B & A 3E
PEE 2 >0 B 8 % (cassette) ¥ 0 Amg % #1712 X-ray film (Kodak) g &

# F-o B o

2.8 %5 ¥ k%4 ¢ (Immuocytochemistry )

ABFR TR 9%IFWET L o s B N 634 ¢ (1 well
— 2 ) e &R 3ml/welle £ f iz o F well & 1x10° e o
& 24 ] Prmrz pENEES 0 H 2 Z F 20UM EGCG a3 %% > 5884 7 F
FIPERF (0~ 15~30 60120 4 48) > #42 £k iz o 1 PBS ks
= = » * 4% paraformaldehyde/PBS # . w2 10~15 » 48 > =3 4%
paraformaldehyde/PBS & 12 PBS e = =t o 2 37k F 5 4 » 0.2%
TritonX-100/ PBS 20 # 4% > £ * PBS /2= =x » & 4 » 5% BSA/PBS -
TR 1) PFE 3 5%BSA/PBS 180 4 » - =k (101000 5%
BSA/PBS #ff#) » B30 4C% Bk %2 % > w it - S ¥
PBS % 3 = o £ 4 » % = =t 748 (1:200 > 1xPBS 4§ ) » &k ¥ » 47C
BT IED B L T A PBSE = = o 4e r 1 ml

DAPI(1:50000 > 1xPBS ﬁ‘%)i&f;’é;’i%?iiﬂﬁ & 15 » 48 > * PBS %
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Z K o Jf B~— if 35 ik (Mounting medium) T gl B ¢ oo o o] s B

%yt"" ‘m”??ér}\iﬂ—rp_‘&f‘ﬂiup RTILE :N  §

(confocal laser scanning microscope ) B % & $ B~ B2 i o

2.0 it A4

FHEE N THOEEE X (mean+ SD)4 7 » @ * ANOVA(H 7]

;%ﬂé\’}'?) j\/j_"f\ tp b"i-l»—j'ﬁﬁ“a_i;i};_ﬂ ° *%\7‘1‘ p<005, %k k

%9t p<0.01; %k %k %k %57 p<0.001 > % p &) >+ 0.05 27 pF > BT
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g
Ji
s
i
*n

31EGCG #r#| 5 Fp 31 Jm Fe ehiff 2

BRI R PR S TR e e & (SAS -~ Cal-27~Ca9-22~HSC3)

A w12 05102040 uM 3k B RJE 5 A5 fik 58 (Apigenin~ Rutin)
7 B> %8 (EGCG~TF1~TF2 -~ TF3 ~ Magolol ~ 5GG)fr # i #g %] (emodin ~

Geniposide~Osthole) sriffg = 2R it & 4 24 /] > L i@ * MTT assay =
i RGPl T 355 o feFigure.la » > AP 3 3 EGCG Az tREE
TR 77 PR (SAS ~ Cal-27 ~ Ca9-22) ¢ % & & j »xfri | mie 2 £
L% o FPL s - A hr HREFSEIVRE 0t & BGCG AT
e73 H W A2 Figure.1b P > SAS é01Cso % 5 UM ; Cal-27 11 1Cs
2 15 uM ; Ca9-22 e 1Csy & 20 uM » @ HSC3 im*e tk & EGCG /i
T g prdlimie 2 KOG PRI PG 2 ST Y B e
e » BE EGCG 2 is @ T N fmfe @ Jevd e it > VP B 20 UM

sk 2 K g eBI R PR 2 SRR Y For Rk
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3.2EGCG {&_i¢ 5 55 2% 4w % tm % Xr JF 187530 GL I £ 3f  dmoe B

k
“’\
=
|3.

PO T A e B IR e 2 R R R
EGCG- @ 3% 5 # 3 EGCG edf 4 @ > 43 1 EGCG &3 5 % I 5 4
R e ¢ A 31 4S3F 5 chpu ek o Ao e iE BT Gl B
BAUB g pmre k- Y% o L1 % EE B EGCG i
Bt — e B2 AEFEINEwE P > AP SAS s Cal-27 e o b
72 20 uM EGCG AU 0~ 1224 ~36 48 | P > i * i mois h3 A
$7 82 fmre FHp e it o A Figure2 ¥ 0 # % & A SAS & §_Cal-27
%P o Bkd® 12 o) P EGCG 2 {5 o 387 103 BB Gl ¥ lm s i
WGP ARl B o T U B S S dm e 1 DR F AL PR %

S E R

3.3EGCG i mPzi¥#p iziF GLE ~ w2 k= 2 4ph v chi R

Hwe o 2@ ox B-HPR TG B2 A RHALT
Ed-v e F g by E ot o - SAS - Cal-27 e 4 B 20 uM
EGCG /i 0~ 12243648 /[ 5 » L je B & e 2 el Fov > 1t
g S EhE R Fov %1 o A Figure3a ¥ o F I BF T Gl Hp

2 AR Bv (p21 ~pS3 ~p73)ind B o "L F AL g £ @ iR br
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e b 2o ¥7 fmpe 2= 4p A 5 Caspase 3 ~ Caspase 9 ~ PARP % 3-v > 7§
wE k- il v € IR 2 f (Cleaved form) > @ M F JdL

EGCG B ch® £ & 7 RAT| S 3o H 3t 2 o

3A4EGCG #r#|B 8B w2 ¥ STAT3 Jov cghfit i

L gy v tad o R lave P E e STAT3 ok w2 iz
ENHA GRS e 2 AR R R LY 22 90%
bleT e & ¢ T g TR STAT3 i B s 1 s g *o gt ) i
R & PR et Po it AP RIET > EGCG %57 5 2% % 2077
cafr g 0 BRI STAT3 F “TREFH? F)pt » AP r F = BLE X %
B EGCG $* e gtk mre ¥ STAT3 @ifie it chgi 8 - # SAS -
Cal-27 fm¥e & %] EJ2 0~5-10~20-40 uM EGCG 1 /] % » % Figure.4a

w5 3% ¥ EGCG @& E andk 8 0 F #h At ser727 = %

*:ml\

(P-STAT3(727)) & £_try705 i % (P-STAT3(705))#4 i it £hSTAT3 2 4
BE A% KkAx> o A4 Figuredb ¥ > SAS ~ Cal-27 ‘m? & & 52 0~ 15 »
30~60~120~240 » 45 20 uM eH EGCG » 5§ ¥ /o2 P& [ ea £ > STAT3
SRR T R ILE 4 BB ' o 4 Figurede P oo AP A LA

kg dE K fE BT S8 Hcdt (confocal laser scanning microscope) k
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LR e K g % it oFigure.dc ¥ > 2V i #- SAS~Cal-27 ‘¥ * 20 uM
EGCG A % AS2 0~15-30~60~120 A48 > ¥ * LB ¥ kL d ;2
kL P-STAT3(705)4 E (¢ § k) (Fd & kp| Limee P o
%) 5§ ¥ EGCG e pk [ e £ > P-STAT3(705)¢h% 2 + &
BT % 5 B SAS fmfe P s F EIT 3 30 A 45 PF P-STAT3(705) 04 &
AT EITPIRERS FHE oA A Cal-27 e o Pl E_ARIE 1 ) pF
chpE [F 2k > P-STAT3(705) 0% 8 4 BT BT IR 7 Dl # o
STAT3 T % 7 i it (EAER I )k i pF > T 80 a3t mre
¢ e 3 BERE 1Y STAT3 4 v i » e v o %4 2 L Wipd mpE
STAT3 4 ¢ AT ¥ 3 A = 24 & dimer » L & 0% 138 (7 H 45 o
1 iF e d At AR S auRimie ¢ TSI STAT3 R s cipfk i > @
bR A g BGCG ¥ M drd) STAT3 ehghpe it o 51 { 37— #
# 31 EGCG #r+4] STAT3 Bps b 2 16 » £.F % Fr4] STAT3 & » ‘m¥e
¥ o % Figure.dd ¥ > 2 i 3 SAS ~ Cal-27 @m% * 20 uM EGCG 4 %)
B2 0~15~30~60~120 A4 £ % AN KL I FERmre v
STAT3(% ¢ % %k)ehiz¥ > B¢ hifd §LpLimre freni=} o ¥
EGCG e pr F il £ » STAT3 bribrilim e $5 ¢ # 6° o 4 SAS ‘w
P s 4 I EIT 15 A 45 20 pM EGCG 7 P 88 enpl 2 3] STAT3 &

I IRAAS o T v Preb S B Cal-27 e ¢ o I ARJIE 2 o] BF 20 uM
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EGCG # ¥ L2 7| STAT3 P! &t # 3 fm 9z 4% ¢b o

35EGCG #r4| STAT3 3-v 2.7 ¥ 39 i R

RahF s auT g e B 5 STAT3 450 p A F]9r A 4 2
T 3% > b4 Bel-2, VEGE, Mcl-1, and cyclin D177 @ izt d
STAT3 ikl keh™ 5 3=v Fo % 5 Bpimie chizis ~H 2 5 M 7o
2707 f2 B AJ? EGCG 2 14 %4 STAT3 *t# 452 A F|H T 5Fv 4

IR

Ik

2 B85 5 SAS ~ Cal-27 fmg i A Bl EIL 0 ~ 12~ 24 ~ 36 /] pF 120
UM BEGCG » R e B L lelmiechi@ v » % d 3 BLE 2R L 2
STAT3 ™ 5 3-v 2. % i o & Figure.5 * ¥ MR 3] » "§ ¥ EGCG AJL
P& [ e 4e 0 Bel-2, VEGF, Mcl-1, and cyclin D1 iz 2t STAT3 ## -0
PER-0 AILE S BB T o 10 % F 4 EGCG fdrdl

STAT3 #fie 1 2 14 » & FL¥r1 STAT3 T p5ehdd 4 I o

3.6 EGCG #r# s $a %% ¥ Interleukin-6 # % STAT3 ¥-v egipt i

o T 3 aF 4 dg 1) interleukin-6 (IL-6) ¢ %’g d ] STAT3

28 2

I R B A

Tyr705 = % hphph i @ BaE R mie i3 58 4 &

T dp NERFR SR mfe th € P M8 4 i (autocrine) ¢ # 4 i (paracrine)
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IL-6 % 5 £ chSTAT3 j& 1 o F)pt » 55 7 2 EGCG %3+ IL-6
LEEGEINRmie P 5 STAT3 /St 2 G B NP * g > 8
%ix RBLR STAT3 Bifie it chilF 2, - SAS~Cal-27 sm ¥z % f A B &2 0
30~ 60 ~ 120 ~ 240 4 48 20 WM EGCG 1 » #% # § EGCG e & i
# = 7 7 10 ng/ml Interleukin-6 7 DPBS 1 10 # 48 > £ J2 & &
Wi e o 1 3 BLE R kBB P-STAT3(705)%-v £ ch& it o &
Figure.6a ¥ ¥ BLZT] > &il 3 &dL EGCG i B]4n » B2 RV 1P &g
% & IL-6 3§ 5 P-STAT3(705)¢h# 2 o e & &3 A&JZ EGCG e %]
¢ A iy 2R 10 g8 I P-STAT3(705) ¢4 £ B F 4k drd| ™ % o 49
Bt ¥ ehi % @40 EGCG % 5 7 4] STAT3 ik i+ 2 % » EGCG

4T L R IL6 G e o STATS i i 4

3.7EGCG #r#]d Interleukin-6 #7515 cnim¥e 3§ 4

Ko T 3R 4 4p 1 interleukin-6 (IL-6) ¢ %’g d ] % STAT3
Tyr705 = % crgific (b @ Baedg o s 4 £ Bo apiu s Ay
# EGCG #7t IL-6 B fg5Eitfpim e ¥ 3f Honlmie 3 4 IR % 38 (7 38
% o SAS ~ Cal-27 tmve HFpb4is » A am FBS ey £ e & 15 B )

o fFBSc‘ Hi ¢ fljchmre 2 nF]F hF 4 ) £ A B A 0
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5~10~20 40 M EGCG > & 2 f PF 4 » 10 ng/ml }k B =0
Interleukin-6 - f/J® 24 /| FFis > & * MTT assay ~ 17 & ‘e’z
F %5 o e Figure.6b ® ¥ BLZT] » il a2 EGCG e wlim » 7 1Y
P AR R IL-6 F fljcimee 5 4 coc sk ;@ ff k2 EGCG ek n @
EGCG i 2% ¥ 14 e 5 S5 2R fm e 14 £ o

AGA490 H_2 e 4| STAT3 Bk i ehit &4 ° 5 &5 i 1 4g o)
Curcumin ~ ¢ #r+#| interleukin-6 *73% ¥ 2 STAT3 &:pk it T A&
Apigenin » E_P W E P 5 FURpEE RS A o AT {37
71> AP - EGCG 22 Apigenin ~ AG490 ~ Curcumin — A2 vt g dr 4| IL-6
sr2f G chim e 3 4 T % 2 55 % o SAS - Cal-27 twe FpL4 15 0 L1 &
FBS s % %55 % 15 B pF > £ 4 &g 20 uM EGCG ~ 20 uM
Curcumin ~ 40 uM Apigenin ~ 40 uM AG490 > % =% FF4c » 10 ng/ml
)k B e Interleukin-6 > fed® 24 - pE{E 0 02 MTT assay ~ 17 & ‘elm
¥e t13% % F o Figure.6c> 22 £ et g2 T > ¥ 123 3 EGCG #r4 IL-6

ek fenimie W 4 2 2k H B peh o
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Fr g W
FERL R R AR B b R e 2 K
- Rl L N e SRR SN VG i (B U o DY el R < R
L pr dwb B Frd B SE SN R St E e 0T H ch A Bag X AR
TF1 ~ TF2 ~ TF3 ~ 5GG : TF1 &_Theaflavin 7 f§ # -~ TF2 &_
Theaflavin-3-gallates#j # ~ TF3&_Theaflavin-3,3’-digallatesfj # » i&
SR EPPAKERY FEN DIt &4 SGGRI AT T B
Galloy#s B enit £ 3= > H iv 8 7 =% Penta-O-galloyl-B-D-glucose > & ¥ >

TF3225GG= AFET 7 A d #rd| @ 7E & 0 AR = Feast i o

" T S R e T

W

TR

Emodin(~ % % )& d ¢ ZH P @~ § 403
G Fen@d oo 3R FNFT SRR BT SHFRF LA
AEUBELAMBAMIFL 2 AEF T A ke AL
R kg B e b E TSR G IR AR R R R

2

[P -BFH - &£F L] R4S > F3F 577 % R Emodin &% 7
ET AR R AN T § LRI
Apigenin( % ¥ %) ¥ L F % § (Camomile)~ ¥ #f sgefg s~ @ -
X 7[‘

Mofe- e Rengig k& ¢ 4 IR Apigenin 53 B0 Ao DR F
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=

¥ % ~ @ % (parsley) ~ ®# (basil) ~ 4 % (tarragon) -~ # &
(cilantro) ° 3% % 77 7 % . Apigenin & 3 % AEF L E M bldo fiid
By~ PR R R PR T e g~ LB R ] dp 4
R E v e g Yo

Rutin (£ 4 H) 7 Fic~ it~ FF - HHFEESH 2 TR
FoE AR & C i R e fl > Bk & C RER R o
EE @ G kit 02 F AFRutin ZA F Peoa By A
AT B F BN EAC G o AT T T TP RE A e

v A M vRuE B o m e iRl B 5ld4e— AT F i (4o e
ki : & A j

—

g4 5 o F] Rutin & $L X chghfd » 4 Bom #1:]};3% s Fum 3 FUk it
*oo B hFUR ARt 3 b0 3 IR Rutin #d 7F {4 macrophages
] NO cha 4 o iga $rd] TNF-o chg 4 %

Magnolol ( A4tps ) & 22 A L (Magnolia) f£4 ¢ - < %
Magnolol %= 3 ?K{%%?ﬁ MEA R R asg o2 e % 4y
WA &Y TR & FH o Magnolol _{i4F ey it H > ¥ O iRER
i v i d A 3 Mol TR s TS 0 P UF
Pom it E koo 4§ ATendR H8F T Magnolol fst  ~ R S0 B b
By & SOV

Osthole (3% & + % ) > X Bt 42 £ (Umbelliferae) sv



(Cnidium monnieri (L.) Cuss) th4% F ¢ o f® Fenig o w s
Rk~ F F b > FIRF T RBREA ~ Hin NIRRT A TR
P FAMEEN AABREREY & [(WEATE AT R
EoEpfe gl BAEF Y AX ] B E 0 5 7 F 4p 1) Osthole ¥ $r
FlogamsFz 4 & %, F4 #m Osthole § st ¥ o

Geniposide (18 + ¥ ) ¥ B3t g ¥ #1153+ (Gardeniaspp.) - P
TG FRE G ORAEAH Lwmre A s Yo 4§ R Ea
Geniposide ¢ 3% F4¢ G5 5B dmre k= o

7€ _Figure.la > % 3 TF1 ~ TF2 ~ TF3 ~ 5GG ~» Emodin ~ Apigenin ~
Rutin ~ Magnolol~Osthole ~ Geniposide~ EGCG % 2 §p 3% & ‘o 72 $& SAS
Cal-27 ~ Ca9-22 3%~ 177 » EGCG = R F M we & L 53
s F* o 4 A g I EGCG B Pt B 4r 4| B 55 200 m o
A A e 4 o 38— IR EGCG fodr| B 55 30 Jm ¥e B 4 R % o
foB-w PRERFE N w e th i BGCG Fd@ T g S 0 AR I

Figure.lb ¥ -

% Figure.l @ B ® 45 3|7 & j »adrd BRIV K dmve 4 £ X

R4 BGCG > # s #m3 EGCG eF 4 7 > ¥ dpd1 EGCG &3F % 7
Sk R dm e PR 3142 R e bR ] 0 e e iR B Y G

gp O L g e = 7P % o 4 Figure.2 ¥ Flow cytometry
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w2 3 H 2 47 5 & Figure3a~ Figure3b ¥ - ¢ * & = BLE 24 § iB/F
Gl #p 2 4p B 39 (p21-p53~p73)~m?2 &= 4p ¥ &5 Caspase 3 ~Caspase
9~PARP ch# LE » #F EGCG #rH|F iR m e 2 £ » L34 3
Hae 2F Gl Z B L B8 mie B o

Wi S TP R W %R STAT3 2 Bf % > 2 i 8 | 23
EGCG #_% %%E’ B2 STAT3 3 4 @ yRpe s > KFrd|2f 58 30 2w 7% o
EAS W

4 Figure.4a b % 3 EGCG 44| STAT3 #hifit 1+ choc % 21 4 2 4|

Ik

TR

‘JA&‘&

PR FiRFh e Fd R R ARy T STAT3 Bipk
v & E~ &BrT % (Figurede)» @ ad2 EGCG {4 » STAT3 » P &
7% 8 1 n¥e 1% b (Figure.dd )o ¢t #h > d & & BEE 2 R 2% I STAT3
FLIE T M5 R-e R ILE X T % (Figure.5) o & _Figure.4 I Figure.5 ek
% > 3P EGCG /2§ #7417 STAT3 2 A enigzf » H 1 & iv% gL, §_

t g e ¢ STAT3 chmlhpie 1+ o
=& d Figure.l ] Figure.5 #7& JLen % > 2L P 4a 35 EGCG &g

TSR wre ¢ o g d drd) STAT3 e it 0 5wz @ STAT3 &

% Figure.1b ¥ # 3 EGCG X F #r#|5f 58 3% m?e HSC3 2

v iE- b F g 3 RLRE RFEHE R T IS EGCG s » HSC3

bl
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%% N STAT3 #ifit i 3o th L > % 1L BGCG cESL 7 4 ¢ BT
Fr4] HSC3 m®e ¥ STAT3 ghps v (Figure.7) o ¢ % % :iLF EGCG #r
FIEEFE 30 o Pe W 24 vk o g AUF] G e 0 STAT3 B& S chbd %

S

(¥4

B 1T FF7 3 3K 2 4p I interleukin-6 § 5 d {1 STAT3 Tyr705 ix

e » i
e SRS Pl L s Rl Sl I o

A:_:x
-n\a.

RRAE
‘wrz th ¢ p 44 i (autocrine) % 4 s (paracrine) IL-6 % fjpcp ¥
¢ STAT3 & "o % 7 i —3pl2% EGCG #r4| STAT3 B iz g2
interleukin-6 773 A %_% 4p & 55 ( Figure.6a )» "2 MTT assay( Figure.6b )
13 BGCG $r414n% # 4 ook o 2% %% » & BGCG AJL™ » 7
2 #r| interleukin-6 &8 Ef 55 TR o Pe g 4 o

peobo R g AR P dn ) AGA90 i) STAT3 B it i & 4 7
Curcumin #_» 3 #r4| interleukin-6 734 ¥ STAT3 mapk it 2 & 12 s
Apigenin €_Pp wfulpm i g s e 0 AF T P ¥ & EGCG
- A2t RPUR S o - 0 AR EGCG £ Apigenin ~ AG490 ~

Curcumin — A2 * b g dr 4 interleukin-6 #7134 Fenim e 3 4 % - B

]

27| EGCG t interleukin-6 #73 ¥ chim®e 3 4 > £ & F #rd»a sk anit
£ ¥ (Figure.6¢c) °

Figure.1 & Figure.6c th.% % 45 1! » EGCG “,4rf T R drd] Bp SR 3N
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e A B dFenit & 40 2 b > 3% interleukin-6 G EE §EIRNF dmre b2
Fehmie 2 o » A i o
Tk AT 90% 1 b eh Vs kel e @0 Y T 3 L STATS
i ¥ enif B 5 1 Yo Cancer research eh#p 7] @ $p i > £ § v g
fmse ® STAT3 gifk ez RAXE » Pl &5 B AR 20 Bl e
WY B R INKeetk € p 8~ 2 (autocrine) 2 F A
(paracrine) IL-6 % {1 p £ &0 STAT3 =it 1o 5 KEFF A & 2

BT onv e lo 2 > foprimary culture {6 0 ?F4e interleukin-6 ¥ 3 IR

=

Ve NIy = g 2 2 45 33 . L 27 2, > g% @
B SN peied 2% T PERA Lt 02 FF ST EFTES

‘*K)%)]% & interleukin-6 chx ® JER ehg M2 H Skt B s Bw
A e 5O 4 F BB G 4 AT Y A P EGCG
¥ 12 Frd] interleukin-6 7 Ef §F IR imie F eni®H 2 P> B p
EGCG fiisk + * o R R itmm b > 7 a j F i 24 o
@3 34?1 EGCG tfpiw®e F chig 2 B (67-kDa laminin
receptor ) i b F M F kA e ¢ > EGCG 4 ¥_%] % laminin
receptor > M F E HF g mre 2 LR A ER o e ¥
et B APt Ee BB Ve A EIR e ET A 4 A
3 I laminin hE B HFE IR NEERE S F L P o p

LR ¥F » EGCG >N /5 R HINVERIE > B 3F 4 4ok 5 3 B F e

33



o A R (G BN iR mie it £ oo

A AR E iR 1 & EGCG #74) STAT3 3 4, @ »
i F T b 5 Jak/Tyk2 ¢ EGCG e % 14 { 7& = EGCG $741| STAT3
L BE e gl sr 0 5 HSC3 e hens ot o 4 WU EA
(transfect) k47 - 45 4 57 57 308 2m *¢ STAT3 e R > { 38— # ehif
24 EGCG fr STAT3 it % B % ; $* > A2 EGCG & 1 HSC3 fm
e tho 4 3 EF S HSC3 R v B 6 chop 510k o e Pt Ao 0 L
A BER O RGE etk B e d o S B e R
g emgr HE R * EGCG - B 1t &3 kdrd] > 2% ain

HIEBEMR IV RE TR R@e >V AL ES i

34



IR ST p

1. Murray, C.JL. and Salomon JA. (2002). Summary measures of
population health: concepts, ethics, measurement and applications.
WHO, Geneva

2. Murray C.J.L. and Lopez A.D. (1996). The Global Burden of Disease.
Cambridge: Harvard University Press.

3. Song, J.I., and Grandis, J.R. (2000). STAT signaling in head and neck
cancer. Oncogene 19, 2489-2495.

4. Dhooge, 1.J., De Vos, M., and Van Cauwenberge, PB. (1998). Multiple
primary malignant tumors in patients with head and neck cancer:
results of a prospective study and future perspectives. Laryngoscope
108, 250-256.

5. Yen, AM., Chen, SC.,, and Chen, T.H. (2007). Dose-response
relationships of ora habits associated with the risk of oral
pre-malignant lesions among men who chew betel quid. Oral Oncol 43,
634-638.

6. Vokes, E.E., Weichselbaum, R.R., Lippman, SM., and Hong, W.K.
(1993). Head and neck cancer. N Engl J Med 328, 184-194.

7. Yu, H., and Jove, R. (2004). The STATs of cancer--new molecular

targets come of age. Nat Rev Cancer 4, 97-105.

35



8. Nagpal, J.K., Mishra, R., and Das, B.R. (2002). Activation of Stat-3 as

one of the early events in tobacco chewing-mediated ora

carcinogenesis. Cancer 94, 2393-2400.

9. Germain, D., and Frank, D.A. (2007). Targeting the cytoplasmic and

nuclear functions of signal transducers and activators of transcription

3 for cancer therapy. Clin Cancer Res 13, 5665-56609.

10. Liu, L., McBride, K.M., and Reich, N.C. (2005). STAT3 nuclear

import is independent of tyrosine phosphorylation and mediated by

importin-alpha3. Proc Natl Acad Sci U SA 102, 8150-8155.

11. Sriuranpong, V., Park, J.l., Amornphimoltham, P, Patel, V., Nelkin,

B.D.,, and Gutkind, JS. (2003). Epidermal growth factor
receptor-independent constitutive activation of STAT3 in head and
neck squamous cell carcinomais mediated by the autocrine/paracrine
stimulation of the interleukin 6/gp130 cytokine system. Cancer Res

63, 2948-2956.

12. Levy, D.E., and Darnéll, J.E., J. (2002). Stats. transcriptional control

13.

and biological impact. Nat Rev Mol Cell Biol 3, 651-662.
Puthier, D., Bataille, R., and Amiot, M. (1999). IL-6 up-regulates
mcl-1 in human myeloma cells through JAK / STAT rather than ras/

MAP kinase pathway. Eur J Immunol 29, 3945-3950.

36



14. Karni, R., Jove, R., and Levitzki, A. (1999). Inhibition of pp60c-Src

reduces Bcl-XL expression and reverses the transformed phenotype
of cells overexpressing EGF and HER-2 receptors. Oncogene 18,

4654-4662.

15. Ivanov, V.N., Bhoumik, A., Krasilnikov, M., Raz, R., Owen-Schaub,

L.B., Levy, D., Horvath, C.M., and Ronai, Z. (2001). Cooperation
between STAT3 and c-jun suppresses Fas transcription. Mol Cell 7,

517-528.

16. Fukada, T., Hibi, M., Yamanaka, Y., Takahashi-Tezuka, M., Fujitani,

Y., Yamaguchi, T., Nakagjima, K., and Hirano, T. (1996). Two signals
are necessary for cell proliferation induced by a cytokine receptor
gp130: involvement of STAT3 in anti-apoptosis. Immunity 5,

449-460.

17. Sinibaldi, D., Wharton, W., Turkson, J., Bowman, T., Pledger, W.J.,

and Jove, R. (2000). Induction of p21WAF1/CIP1 and cyclin D1
expression by the Src oncoprotein in mouse fibroblasts. role of

activated STAT 3 signaling. Oncogene 19, 5419-5427.

18. Bromberg, J.F., Wrzeszczynska, M.H., Devgan, G, Zhao, Y., Pestell,

19.

R.G, Albanese, C., and Darnéll, J.E., J. (1999). Stat3 as an oncogene.
Cell 98, 295-303.
Brown, M.D. (1999). Green tea (Camellia sinensis) extract and its

possible role in the prevention of cancer. Altern Med Rev 4, 360-370.

37



20. Darnéll, J.E. (2005). Validating Stat3 in cancer therapy. Nat Med 11,

595-596.

21. Mora, L.B., Buettner, R., Seigne, J., Diaz, J., Ahmad, N., Garcia, R.,

22.

Bowman, T., Falcone, R., Fairclough, R., Cantor, A., et al. (2002).
Constitutive activation of Stat3 in human prostate tumors and cell
lines: direct inhibition of Stat3 signaling induces apoptosis of prostate
cancer cells. Cancer Res 62, 6659-6666.

Dolled-Filhart, M., Camp, R.L., Kowalski, D.P, Smith, B.L., and
Rimm, D.L. (2003). Tissue microarray analysis of signal transducers
and activators of transcription 3 (Stat3) and phospho-Stat3 (Tyr705)
in node-negative breast cancer shows nuclear localization is

associated with a better prognosis. Clin Cancer Res 9, 594-600.

23. Song, L., Turkson, J., Karras, J.G, Jove, R., and Haura, E.B. (2003).

Activation of Stat3 by receptor tyrosine kinases and cytokines
regulates survival in human non-smal cell carcinoma cells.

Oncogene 22, 4150-4165.

24. Nagpal, JK., Mishra, R., and Das, B.R. (2002). Activation of Stat-3

as one of the early events in tobacco chewing-mediated oral

carcinogenesis. Cancer 94, 2393-2400.

38



25. Masuda, M., Suzui, M., Yasumatu, R., Nakashima, T., Kuratomi, Y.,
Azuma, K., Tomita, K., Komiyama, S., and Weinstein, |.B. (2002).
Congtitutive activation of signal transducers and activators of
transcription 3 correlates with cyclin D1 overexpression and may
provide a novel prognostic marker in head and neck squamous cell
carcinoma. Cancer Res 62, 3351-3355.

26. Cavarretta, I.T., Neuwirt, H., Untergasser, G, Moser, PL., Zaki, M.H.,
Steiner, H., Rumpold, H., Fuchs, D., Hobisch, A., Nemeth, JA., et al.
(2007). The antiapoptotic effect of IL-6 autocrine loop in a cellular
model of advanced prostate cancer is mediated by Mcl-1. Oncogene
26, 2822-2832.

27. Akira, S, Taga, T., and Kishimoto, T. (1993). Interleukin-6 in biology
and medicine. Adv Immunol 54, 1-78.

28. Hong, SH., Ondrey, F.G, Avis, I.M., Chen, Z., Loukinova, E.,
Cavanaugh, PF.,, J., Van Waes, C., and Mulshine, J.L. (2000).
Cyclooxygenase regulates human oropharyngeal carcinomas via the
proinflammatory cytokine IL-6: a general role for inflammation?

FASEB J 14, 1499-1507.

39



29. St John, M.A., Li, Y., Zhou, X., Denny, P, Ho, C.M., Montemagno, C.,

30.

Shi, W, Qi, F, Wu, B., Sinha, U., et a. (2004). Interleukin 6 and
interleukin 8 as potential biomarkers for oral cavity and
oropharyngeal sguamous cell carcinoma. Arch Otolaryngol Head
Neck Surg 130, 929-935.

Nagata, M., Fujita, H., Ida, H., Hoshina, H., Inoue, T., Seki, Y.,
Ohnishi, M., Ohyama, T., Shingaki, S., Kaji, M., et a. (2003).
Identification of potential biomarkers of lymph node metastasis in
oral squamous cell carcinoma by cDNA microarray analysis. Int J

Cancer 106, 683-689.

31. Okamoto, M., Hiura, K., Ohe, G, Ohba, Y., Terai, K., Oshikawa, T.,

Furuichi, S., Nishikawa, H., Moriyama, K., Yoshida, H., et al. (2000).
Mechanism for bone invasion of oral cancer cells mediated by

interleukin-6 in vitro and in vivo. Cancer 89, 1966-1975.

32. De Schutter, H., Landuyt, W., Verbeken, E., Goethals, L., Hermans, R.,

and Nuyts, S. (2005). The prognostic value of the hypoxia markers
CA IX and GLUT 1 and the cytokines VEGF and IL 6 in head and
neck sguamous cell carcinoma treated by radiotherapy +/-

chemotherapy. BMC Cancer 5, 42.

40



33.

34.

35.

36.

37.

38.

Douglas, W.G, Tracy, E., Tan, D., Yu, J.,, Hicks, W.L., Jr., Rigual,
N.R., Loree, T.R., Wang, Y., and Baumann, H. (2004). Devel opment
of head and neck squamous cell carcinoma is associated with altered
cytokine responsiveness. Mol Cancer Res 2, 585-593.

Takahashi, O., Cai, Z., Toda, M., Hara, Y., and Shimamura, T. (1995).
[Appearance of antibacterial activity of oxacillin against methicillin
resistant Staphylococcus aureus (MRSA) in the presence of catechin].
Kansenshogaku Zasshi 69, 1126-1134.

Bu-Abbas, A., Nunez, X., Clifford, M.N., Walker, R., and loannides,
C. (1996). A comparison of the antimutagenic potential of green,
black and decaffeinated teas: contribution of flavanols to the
antimutagenic effect. Mutagenesis 11, 597-603.

Graham, T.E., and Spriet, L.L. (1995). Metabolic, catecholamine, and
exercise performance responses to various doses of caffeine. J Appl
Physiol 78, 867-874.

Shixian, Q., VanCrey, B., Shi, J., Kakuda, Y., and Jiang, Y. (2006).
Green tea extract thermogenesis-induced weight loss by
epigallocatechin gallate inhibition of catechol-O-methyltransferase. J
Med Food 9, 451-458.

Polette, A., Lemaitre, D., Lagarde, M., and Vericel, E. (1996). N-3
fatty acid-induced lipid peroxidation in human platelets is prevented

by catechins. Thromb Haemost 75, 945-949.

41



39. Brown, M.D. (1999). Green tea (Camellia sinensis) extract and its
possible role in the prevention of cancer. Altern Med Rev 4, 360-370.

40. Gao, Y.T., MclLaughlin, JK., Blot, W.J, J, B.T., Da, Q., and
Fraumeni, JF, J. (1994). Reduced risk of esophageal cancer
associated with green tea consumption. J Natl Cancer Inst 86,
855-858.

41. Gao, C.M., Takezaki, T., Wu, J.Z., Li, Z.Y., Liu, Y.T., Li, SP, Ding,
JH., Su, P, Hu, X., Xu, T.L., et a. (2002). Glutathione-S-transferases
M1 (GSTM1l) and GSTT1 genotype, smoking, consumption of
alcohol and tea and risk of esophageal and stomach cancers. a
case-control study of a high-incidence area in Jiangsu Province,
China. Cancer Lett 188, 95-102.

42. Way, T.D., Lee, H.H., Kao, M.C., and Lin, JK. (2004). Black tea
polyphenol theaflavins inhibit aromatase activity and attenuate
tamoxifen resistance in HER2/neu-transfected human breast cancer
cells through tyrosine kinase suppresson. Eur J Cancer 40,
2165-2174.

43. Ahmad, N., Feyes, D.K., Nieminen, A.L., Agarwal, R., and Mukhtar,
H. (1997). Green tea constituent epigallocatechin-3-gallate and
induction of apoptosis and cell cycle arrest in human carcinoma cells.

JNatl Cancer Inst 89, 1881-1886.

42



45.

46.

47.

48.

49.

. Borska, S., Gebarowska, E., Wysocka, T., Drag-Zalesinska, M., and

Zabel, M. (2003). Induction of apoptosis by EGCG in selected
tumour cell linesin vitro. Folia Histochem Cytobiol 41, 229-232.
Chen, Z.P, Schell, J.B., Ho, C.T., and Chen, K.Y. (1998). Green tea
epigallocatechin gallate shows a pronounced growth inhibitory effect
on cancerous cells but not on their normal counterparts. Cancer Lett
129, 173-179.

Lambert, J.D., and Yang, C.S. (2003). Mechanisms of cancer
prevention by tea constituents. J Nutr 133, 3262S-3267S.

Morse, M.A., Kresty, L.A., Steele, V.E., Kédlloff, GJ., Boone, C.W.,
Balentine, D.A., Harbowy, M.E., and Stoner, GD. (1997). Effects of
theaflavins on  N-nitrosomethylbenzylamine-induced esophageal
tumorigenesis. Nutr Cancer 29, 7-12.

Otsuka, T., Ogo, T., Eto, T., Asano, Y., Suganuma, M., and Niho, Y.
(1998). Growth inhibition of leukemic cells by (-)-epigallocatechin
gallate, the main constituent of green tea. Life Sci 63, 1397-1403.
Stoner, GD., and Mukhtar, H. (1995). Polyphenols as cancer

chemopreventive agents. J Cell Biochem Suppl 22, 169-180.

50. Yang, C.S., and Wang, Z.Y. (1993). Tea and cancer. J Natl Cancer Inst

ol

85, 1038-1049.
Hara, Y. (1994). Antioxidative action of tea polyphenols: Part 1. Am

Biotechnol Lab 12, 48.

43



52.

53.

4.

55.

56.

Chen, H., and Tappel, A.L. (1995). Protection of vitamin E, selenium,
trolox C, ascorbic acid palmitate, acetylcysteine, coenzyme QO,
coenzyme Q10, beta-carotene, canthaxanthin, and (+)-catechin
against oxidative damage to rat blood and tissues in vivo. Free Radic
Biol Med 18, 949-953.

Subirade, 1., Fernandez, Y., Periquet, A., and Mitjavila, S. (1995).
Catechin protection of 3T3 Swiss fibroblasts in culture under
oxidative stress. Biol Trace Elem Res 47, 313-319.

Kuroda, Y. (1996). Bio-antimutagenic activity of green tea catechins
in cultured Chinese hamster V79 cells. Mutat Res 361, 179-186.

Wu, Y.N., Wang, H.Z., Li, J.S., and Han, C. (1993). The inhibitory
effect of Chinese tea and its polyphenols on in vitro and in vivo
N-nitrosation. Biomed Environ Sci 6, 237-258.

Ohmori, Y., Ito, M., Kishi, M., Mizutani, H., Katada, T., and Konishi,
H. (1995). Antiallergic constituents from oolong tea stem. Biol

Pharm Bull 18, 683-686.

57. Vdacic, S., Timmermann, B.N., Alberts, D.S., Wachter, GA., Krutzsch,

M., Wymer, J.,, and Guillen, JM. (1996). Inhibitory effect of six
green tea catechins and caffeine on the growth of four selected

human tumor cell lines. Anticancer Drugs 7, 461-468.



58. Tokuda, H., Tekai, S., Hanai, Y., Matsushima-Nishiwaki, R.,
Yamauchi, J., Harada, A., Hosoi, T., Ohta, T., and Kozawa, O. (2008).
(-)-Epigallocatechin Gallate Inhibits Basic Fibroblast Growth
Factor-stimulated Interleukin-6 Synthesis in Osteoblasts. Horm
Metab Res.

59. Lin, JK., and Liang, Y.C. (2000). Cancer chemoprevention by tea
polyphenols. Proc Natl Sci Counc Repub ChinaB 24, 1-13.

60. Shammas, M.A., Neri, P, Koley, H., Batchu, R.B., Bertheau, R.C.,
Munshi, V., Prabhala, R., Fulciniti, M., Tal, Y.T., Treon, SP, et al.
(2006). Specific killing of multiple myeloma cels by
(-)-epigallocatechin-3-gallate extracted from green tea: biologic
activity and therapeutic implications. Blood 108, 2804-2810.

61. Cao, Y., and Cao, R. (1999). Angiogenesis inhibited by drinking tea.
Nature 398, 381.

62. Sachinidis, A., Seul, C., Seewald, S., Ahn, H., Ko, Y., and Vetter, H.
(2000). Green tea compounds inhibit tyrosine phosphorylation of
PDGF beta-receptor and transformation of A172 human glioblastoma.
FEBS Lett 471, 51-55.

63. Liang, Y.C., Lin-shiau, S.Y., Chen, C.F, and Lin, JK. (1997).
Suppression of extracellular signals and cell proliferation through
EGF receptor binding by (-)-epigallocatechin gallate in human A431

epidermoid carcinomacells. J Cell Biochem 67, 55-65.

45



64.

65.

66.

67.

68.

69.

Liang, Y.C., Chen, Y.C,, Lin, Y.L., Lin-Shiau, S.Y., Ho, C.T., and Lin,
J.K. (1999). Suppression of extracellular signals and cell proliferation
by the black tea polyphenal, theaflavin-3,3'-digallate. Carcinogenesis
20, 733-736.

Lin, JK., Liang, Y.C., and Lin-Shiau, SY. (1999). Cancer
chemoprevention by tea polyphenols through mitotic signa
transduction blockade. Biochem Pharmacol 58, 911-915.

Hara, Y. (1994). Antioxidative action of tea polyphenols: Part 1. Am

Biotechnol Lab 12, 48.

Yang, GY., Liao, J., Kim, K., Yurkow, E.J., and Yang, C.S. (1998).

Inhibition of growth and induction of apoptosis in human cancer cell
lines by tea polyphenols. Carcinogenesis 19, 611-616.

Gupta, S., Ahmad, N., Nieminen, A.L., and Mukhtar, H. (2000).
Growth inhibition, cell-cycle dysregulation, and induction of
apoptosis by green tea constituent (-)-epigallocatechin-3-gallate in
androgen-sensitive  and androgen-insensitive human prostate
carcinoma cells. Toxicol Appl Pharmacol 164, 82-90.

Khefif, A., Schantz, S.P, al-Rawi, M., Edelstein, D., and Sacks, PG.
(1998). Green tearegulates cell cycle progression in oral leukoplakia.

Head Neck 20, 528-534.

46



70. Chow, H.H., Cai, Y., Hakim, I.A., Crowdll, JA., Shahi, F., Brooks,

CA. Dorr, RT., Haa Y., and Alberts, D.S (2003).
Pharmacokinetics and safety of green tea polyphenols after
multiple-dose administration of epigallocatechin gallate and

polyphenon E in healthy individuals. Clin Cancer Res 9, 3312-3319.

71. Li, H.C,, Yashiki, S., Sonoda, J., Lou, H., Ghosh, SK., Byrnes, J.J.,

Lema, C., Fujiyoshi, T., Karasuyama, M., and Sonoda, S. (2000).
Green tea polyphenols induce apoptosisin vitro in peripheral blood T
lymphocytes of adult T-cell leukemia patients. Jpn J Cancer Res 91,

34-40.

72. Ahmad, N., Feyes, D.K., Nieminen, A.L., Agarwal, R., and Mukhtar,

73.

74.

H. (1997). Green tea constituent epigallocatechin-3-gallate and
induction of apoptosis and cell cycle arrest in human carcinoma cells.
JNatl Cancer Inst 89, 1881-1886.

Paschka, A.G, Butler, R., and Young, C.Y. (1998). Induction of
apoptosis in prostate cancer cell lines by the green tea component,
(-)-epigall ocatechin-3-gallate. Cancer Lett 130, 1-7.

Islam, S., Islam, N., Kermode, T., Johnstone, B., Mukhtar, H.,
Moskowitz, R.W., Goldberg, and Haqgi, T.M. (2000). Involvement of
caspase-3 in epigallocatechin-3-gallate-mediated apoptosis of human

chondrosarcoma cells. Biochem Biophys Res Commun 270, 793-797.

47



75.Jing, N., Zhu, Q., Yuan, P, Li, Y., Mao, L., and Tweardy, D.J. (2006).
Targeting signal transducer and activator of transcription 3 with
G-quartet oligonucleotides. a potential novel therapy for head and
neck cancer. Mol Cancer Ther 5, 279-286.

76. Meydan, N., Grunberger, T., Dadi, H., Shahar, M., Arpaia, E., Lapidot,
Z., Leeder, J.S., Freedman, M., Cohen, A., Gazit, A., et a. (1996).
Inhibition of acute lymphoblastic leukaemia by a Jak-2 inhibitor.
Nature 379, 645-648.

77. Chakravarti, N., Myers, JN., and Aggarwal, B.B. (2006). Targeting
congtitutive and interleukin-6-inducible signal transducers and
activators of transcription 3 pathway in head and neck squamous cell
carcinoma cells by curcumin (diferuloylmethane). Int J Cancer 119,
1268-1275.

78. Lee, H.H., Ho, C.T., and Lin, JK. (2004). Theaflavin-3,3-digallate
and penta-O-galloyl-beta-D-glucose inhibit rat liver microsomal
5alpha-reductase activity and the expression of androgen receptor in
LNCaP prostate cancer cells. Carcinogenesis 25, 1109-1118.

79. Yu, C.X., Zhang, X.Q., Kang, L.D., Zhang, PJ., Chen, W.W., Liu,
W.W.,, Liu, Q.W.,, and Zhang, J.Y. (2008). Emodin induces apoptosis

in human prostate cancer cell LNCaP. Asian JAndrol 10, 625-634.

48



80.

81.

82.

83.

84.

Heo, SK., Yun, H.J, Park, W.H., and Park, S.D. (2008). Emodin
inhibits TNF-alpha-induced human aortic smooth-muscle cell
proliferation via caspase- and mitochondrial-dependent apoptosis. J
Cdll Biochem.

Patel, D., Shukla, S., and Gupta, S. (2007). Apigenin and cancer
chemoprevention: progress, potential and promise (review). Int J
Oncol 30, 233-245.

Guruvayoorappan, C., and Kuttan, G (2007). Rutin inhibits nitric
oxide and tumor necrosis factor-apha production in
lipopolysaccharide and concanavalin-a stimulated macrophages.
Drug Metabol Drug Interact 22, 263-278.

Parkar, S.G, Stevenson, D.E., and Skinner, M.A. (2008). The
potential influence of fruit polyphenols on colonic microflora and
human gut health. Int JFood Microbiol 124, 295-298.

Matsui, N., Nakashima, H., Usnio, Y., Tada, T., Shirono, A.
Fukuyama, Y., Nakade, K., Zhai, H., Yasui, Y., Fukuishi, N., et a.
(2005). Neurotrophic effect of magnolol in the hippocampal CA1
region of senescence-accelerated mice (SAMPL). Biol Pharm Bull 28,

1762-1765.

49



85. Han, S.J.,, Bae, E.A., Trinh, H.T., Yang, JH., Youn, U.J, Bae, K.H.,

86.

and Kim, D.H. (2007). Magnolol and honokiol: inhibitors against
mouse passive cutaneous anaphylaxis reaction and scratching
behaviors. Biol Pharm Bull 30, 2201-2203.

Zhong, W.B., Wang, C.Y., Ho, K.J,, Lu, FJ,, Chang, T.C., and Lee,
W.S. (2003). Magnolol induces apoptosis in human leukemia cells
via cytochrome c release and caspase activation. Anticancer Drugs 14,

211-217.

87. Lee, S.J., Cho, Y.H., Park, K., Kim, E.J., Jung, K.H., Park, S.S., Kim,

W.J., and Moon, SK. (2008). Magnolol €licits activation of the
extracellular ~ signal-regulated kinase pathway by inducing
p27KIP1-mediated G2/M-phase cell cycle arrest in human urinary

bladder cancer 5637 cells. Biochem Pharmacol 75, 2289-2300.

88. Sun, F., Xie, M.L., Zhu, L.J., Xue, J., and Gu, Z.L. (2008). Inhibitory

89.

effect of osthole on alcohol-induced fatty liver in mice. Dig Liver
Dis.

Chou, S.Y., Hsu, C.S., Wang, K.T., Wang, M.C., and Wang, C.C.
(2007). Antitumor effects of Osthol from Cnidium monnieri: an in

vitro and in vivo study. Phytother Res 21, 226-230.

50



90. Liu, J., Zheng, X., Yin, F, Hu, Y., Guo, L., Deng, X., Chen, G, Jigjia,

91.

92.

93.

94.

95.

J., and Zhang, H. (2006). Neurotrophic property of geniposide for
inducing the neuronal differentiation of PC12 cells. Int J Dev
Neurosci 24, 419-424.

Peng, C.H., Huang, C.N., Hsu, SIP, and Wang, C.J. (2006).
Penta-acetyl geniposide induce apoptosis in C6 glioma cells by
modulating the activation of neutral sphingomyelinase-induced p75
nerve growth factor receptor and protein kinase Cdelta pathway. Mol
Pharmacol 70, 997-1004.

Lin, JK., Liang, Y.C., and Lin-Shiau, SY. (1999). Cancer
chemoprevention by tea polyphenols through mitotic signa
transduction blockade. Biochem Pharmacol 58, 911-915.

Liberto, M., and Cobrinik, D. (2000). Growth factor-dependent
induction of p21(CIP1) by the green tea polyphenol, epigallocatechin
gallate. Cancer Lett 154, 151-161.

Tachibana, H., Koga, K., Fujimura, Y., and Yamada, K. (2004). A
receptor for green tea polyphenol EGCG. Nat Struct Mol Biol 11,
380-381.

Souza, L.F, Souza, V.F, Silva, L.D., Santos, JN., and Reis, SR.
(2007). Expression of basement membrane laminin in oral squamous

cell carcinomas. Rev Bras Otorrinolaringol (Engl Ed) 73, 768-774.

51



96. Erdem, N.F, Carlson, E.R., and Geard, D.A. (2008).
Characterization of gene expression profiles of 3 different human oral
squamous cell carcinoma cell lines with different invasion and
metastatic capacities. J Oral Maxillofac Surg 66, 918-927.

97. Erdem, N.F,, Carlson, E.R., Gerard, D.A., and Ichiki, A.T. (2007).
Characterization of 3 oral squamous cell carcinoma cell lines with
different invasion and/or metastatic potentials. J Oral Maxillofac
Surg 65, 1725-1733.

98. Wu, J., Situ, Z., Wang, W., Chen, J., and Liu, B. (1995). Combination
effects of gammarinterferon with pinyanmycin or psoralen on tongue
cancer HSC3 cell line in vitro and in vivo. Chin Med J (Engl) 108,

278-281.

52



Figurela

SAS ——ECCG
160 ——EGCG B[
=40 N g}z TR2
% 120 : ——TF3 ——TF3 .
élDD - ——emodin ——emodin
% 80 —*— Geniposide —*— Ceniposide
° —— 566 ——56G
30 — Apigenin ¥ | —— Apigenin
> 40 +— Magnalol — Rutin
20 Qsthole +— Magolol
- LI L ’ : ’ ' ' ‘ : ’ Osthole

3540 45 puM

=
[=3
Ln
=
n
=3
[=3
3
L
L2
=3

0 5 10 15 20 25 30 35 40 45 uM

Cal 27 —4+EGCO \

140
R ——TF] ——EGCG
E 120 TF2 —a—TF1
= E. ——
5100 i TF3 . TF2
8 E —*—emodin ——TF3
= 80 T —— (eniposide — i
= R, emaodin
3 60 6 —— Ceniposide
£ —
840 ¢ Ao
B — Rutin

20 +— Magolol .

0 Osthole 0 5 1 15 0 25 3| 35 40 d4siM

0 5 0 15 20 25 30 35 40 45uM

o]
oS

Figure.lb
140
~120
=)
b=y b
=
& —— SAS
S 80
8 —=—Cal-27
B 60 Cad-2
© 40 HSC3
=
=
>

=

0 5 10 15 20 25 30 35 40 45
EGCG M

Figure 1. Effect of EGCG on HNSCC cdll line.

(@). Inhibit effect of nature extract compounds on four HNSCC cells. Cells were
treated with the indicated concentration of indicated nature extract compounds for
24hr ,and examined for cell viability by MTT assay. EGCG inhibits cell
proliferation of HNSCC cells more effieciently than other nature extract compounds.
(b). Effect of EGCG on the proliferation of four different HNSCC cells.
(SAS,Cal-27,Ca9-22 and HSC3) ;bars, SD.
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Figure.2
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Figure 2. Effect of EGCG on cell cycle progression and apoptosis.

Exponentially growing cells grown with the indicated concentractions of EGCG and
then analyzed by DNA flow cytometry at the indicated time points. The distribution of
cells in Sub-G1 fraction (apoptosis) and in the G1, S, and G2-M phases of the cell
cycle were calculated and plotted.



Figure.3a
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Figure 3. Effect of EGCG on cell cycle proteins and apoptosis related proteins.
HNSCC cells were treated 20mM EGCG with indicated durations (hours). (a) EGCG
can increase G1-related cell cycle proteins. (b) EGCG can increase apoptosis related

proteins.
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Figureda
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Figure. 4c
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Figure.4d
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Figured. Effect of EGCG on phosphorylated STAT 3.

STAT3 is constitutively phosphorylated in all HNSCC cell lines. SAS, Cal-27 cells
were lysed, and 50 g of whole-cell extracts were resolved on 8% SDS-PAGE,
electrotransferred to a  nitrocellulose  membrane and probed  for
phosphorylated-SATA3 at Tyr705 position. EGCG inhibited constitutive STAT3
phosphorylation in both SAS and Cal-27 cell lines in a dose-(a) and time-(b)
dependent manner. EGCG were treated with the indicated concentrations and
indicated durations, and levels of phosphorylated STAT3 (p-STAT3) were examined
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in whole-cell extracts by Western blotting. (¢) The active Try705-phosphorylated
STAT3 is confirmed to be in the nuclei on HNSCC (green signal), and the expression
of this type of STAT3 is diminished to an undetectable level within 30 minutes, (d)
EGCG induces redistribution of STAT3. SAS and Ca-27 cell line were incubated
alone or with EGCG (20mM) for indicated durations, and then analyzed for the
distribution of STAT3 by immunocytochemistry using a confocal laser scanning

mi croscope.
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Figure 5. Western blot analyses for STAT 3 downstream proteins.
HNSCC cells were treated 20mM EGCG with indicated durations (hours).
Figure.6a
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Fig.6b ,
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Figure 6. Interleukin-6 induces STAT3 phosphorylation in human HNSCC cell,
and EGCG inhibitsit.
(@) Interleukin-6 induces STAT3 phosphorylation in human HNSCC cell, and EGCG

inhibits it. HNSCC cells were treated with 20 ©« M EGCG for indicated durations and

stimulated with IL-6(10nl/ml)for 10 minutes. (b) IL-6 induces human HNSCC cells
proliferation, and EGCG inhibits it. After starved 15 hours HNSCC cells were treated
with indicated concentrations and IL-6 (10nl/ml) for 24 hours. (c) compare EGCG and

the other flavonoids on inhibition of 1L-6 induces human HNSCC cells proliferation.
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Figure. 7
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Figure7. No effect of EGCG on phosphorylated STAT3in HSC3 cell line.
EGCG can't inhibit constitutive STAT3 phosphorylation in HSC3 cell line in a dose-
and time- dependent manner. Interleukin-6 can't induces STAT3 phosphorylation in

HSC3 cell line, and EGCG still can’'t inhibit STAT3 phosphorylation in HSC3 cell

line.
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