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Green Tea Extracts Inhibits HGF-Induced HNSCC Progression in vitro
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ABSTRACT

Background and Objectives : Aberrant activation of hepatocyte growth factor (HGF) and its receptor, c-Met, has been known to
be involved in many human cancer development and progression. During the search for an effective molecule inhibitor of HGF/
c-Met signaling, we have found that Epigallocatechin-3-gallate (EGCG) in green tea might inhibit HGF/c-Met signaling. Studies
were performed to address whether EGCG inhibited HGF-dependent tumor proliferation and invasion in HNSCC. Materials and
Method : For EGCG inhibition of HGF/c-Met signaling, Western blot was performed. The proliferation of FaDu cells was assayed
by counting the number of the cells after treatment by HGF 0, 10 ng/ml, EGCG 1 ¢M, EGCG 10 ¢M, HGF 10+EGCG 1 1M,
HGF 10+EGCG 10 M. The dispersion of cells was observed by measuring the separation and morphologic changes of the cells
after treatment with HGF 0, 10 ng/ml HGF 10+EGCG 1 ¢M, HGF 10+EGCG 10 M for 24 hours. Tumor cell migration was
assessed by wound healing assay and tumor cell invasiveness was assessed by the membrane invasion assay. Results : HGF treat-
ment induced rapid activation of c-Met and EGCG inhibited HGF-induced c-Met signaling in FaDu cells. HGF significantly
enhanced the growth of HNSCC cells and this phenomenon was inhibited by EGCG in a dose-dependant manner (p<0.05).
EGCG inhibited HGF-induced scattering, migration, and invasion of HNSCC cells in a dose-dependent manner (p<0.05).
Conclusion : Inhibition of HGF/Met by EGCG leads to decreased proliferation, scattering, migration and invasion in vitro, sug-
gesting the possible use of EGCG in HNSCC associated with down-regulation of HGF/Met signaling. (Korean J Otorhinola-
ryngol-Head Neck Surg 2008;51:163-70)
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HjEfo] FFAlEe] At o) FXskal dagdel B
ohe At 4zl HGFe #Hx

2
e 9leJX= protease?] wHIE T3 Y EE(mo-
tility) ¥ <5 (invasiveness) & 927112 244 (morpho-
genesis) ¥ A8 7] WA (angiogenesis) o Zoi gtk o
A A =k HGFel tigh 48420 c—MetE= c—met
protooncogene 2] AHE-0]m™ 190 kDa9) receptor tyrosine
kinaseZA 170 kDa2] A+-E20] glycosylation ¥}4& 7
A A" Az AES] (extracellular) & 50 kDa a—
subunit¥} A=} (transmembrane) FE|Z A ty-
rosine phosphorylation®] ¥ojul= 145 kDa2] S—subunit
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o] Holo} W77k T7Hgel whet SAAOE FolskA 57t
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HuEa QoY mxajold &elel= catechin FA ¥ 7}
A # (—)—epigallocatechin—3—gallate (EGCG), (—)—epi-
catechin (EC), (=) —epigallocatechin (EGC) & (—) —epi-
catechiin—3—gallate (ECG) Z 7459 tk o] = EGCG
7F 7H¢ & ¥l (60%) = AHAstaL b st 59
polyphenol® &2{#] Qlch. Be Aol Al EGCG7} thafst
SAEFAM MEAPE S F sk T S AAlsk=
Aoz &eA QlrhY EGCGE INK, AP-1, p44/p42
MAPK, Erkl/2, EGF—R, PDGF—R¥ FGF-R %9 t}ok
& LAY} kinaseE AR Row deA Yok
T3 DNA methyltransferase, topoisomerase [, matrix
metalloproteinase 59 ¢ IAE GHAES A= A
o a4 et

AT AT el SAEEES] HGE oAl
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American Type Culture Collection (ATCC) S ZH¥
A3t skl T A|ESF FaDu(HTB-43, ATCC)E EMEM
(10% FBS) iAo A 5% CO,, 37 ColA vjekatiT,

Aol AFSet A

HGFol| that dx}F8kAl= human 8 HGF affinity purified
polyclonal goat antibody (R & D systems, Inc, MN, USA)
& A8 c—Metell tidt 9AF A= human 3 HGF
receptor (c—Met) polyclonal goat antibody (R & D sys-
tem) & ARE-SFITH

RT—PCRO| 2|8t HGF2t c—Met2] mRNA &3
31 AEFE 1 ml9) TRIzol®(GIBCOBRL, Grand Is-
land, NY, USA) AloFe]l #A3AIZ] &, & RNAE F=5}
Atk RIS MEFN FE% T RNA 2 pgs 242
Omniscript Reverse Transcriptase kit(20511, Qiagen
Germany) 9] WFe-E3HE (10X Buffer RT 2.0 pl, ANTP
Mix (5 mM each ANTP) 2.0 g, Oligo—dT primer (10 M)
2.0 1, RNase inhibitor (10 units/ 1) 1.0 zl, Omniscript
Reverse Transcriptase 2 units, RNase—free water) 20
plell Yar 37TellA 604, 94CollA 57+ A xAlste
cDNAZ #4J3}9th PCRE Minicycler™(MJ research,
USA) & AH-3819lal 3% ¢<DNAE Tag DNA polyme-
rase 1 unit(Roche Diagnostics Co, Indianapolis, USA)
o Z42}e] primerE Yol THAIZ o] AdelA ARgH
human HGF primer$} human c—Met primer®] 47]vj<4

St Thew 2,

Human HGF ;
Sense : 5'=ACA TCG TCA CTT CTG GC-3'
Antisense : 5'~ATC CAT CCT ATGTTTGTT
CG-3’
Human c—Met ;
Sense : 5'—=AGT AGC CTG ATT GTG CAT TT-3
Antisense : 5'=TCT TTC ATG ATG CCC TC-3’
B—Actin ;
Sense : 5'=TCA TGA AGT GTG ACG TTG ACA
TCCTT-%
Antisense : 5'—CCT AGA AGC ATT TGC GGT GCA
CGA TG-3’
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PCR #742 27] WAS 96°CollA] 383k e &, 96T
oA 30z, 55TelA 30z, 72Tl 30%1t F 30 cycles
]:l

S AAJskar A4 (extension) & 72°ColA 5

Western blottingS 0|28t c—Met2| L& 4
RIS AEF-E phosphate buffered saline (PBS) 0%
A e o el R A A (100 pg/ml phenylmethyl-
sulfonyl fluoride, 1 pg/ml leupeptin) 7} #7F8 RIPA (Ra-
dioImmunoPrecipitation) buffer 1 ml(150 mM NaCl, 1%
NP-40, 50 mM Tris (pH 8.0), 1 mM EDTA, 0.5% Deo-

xycholate) o] 211 #23}8Ht), o] #2A-E 15,000 rpm
oA 1057 dAlEe] & 5L Western blot analysis
o o]&sld=u] WA 9ke Bijo—Rad protein assay

(Bio—Rad, Hercules, CA, USA) & o|&3l S4sF3Th
Welld 20 pge] @ids 2
sulfate (SDS) —polyacrylamide gel electrophoresis (PAGE)
£ ARE3slo] ®88 3 nitrocellulose filter (Amersham,
Arlington Heights, 1L, USA) ol %1 TR 4 CollA] b5t
¢ & c—MetFAE WHAIZT vy o filterE 0.1%
Tween—200] 3H+¥ Tris buffered saline(TBS) &2
Z AIA3 3 peroxidase—conjugated donkey anti—rabbit

317] 94l sodium dodesyl

antibody (Amersham) &} donkey anti—mouse antibody
(Amersham) & 712} ¥H--A]171 & enhanced chemilumi-
nescence detection system(ECL, Amersham) < ©]-&3}
o] X—ray filmo.2 &Isth HGF 23 FaDu cell
A1 phosphor—c—Met¢] &&eo] time sequentialdtA] 57}
H= 213 EGCGE) ool 7kl wheh HGFell 23l acti-
vation® form¢! phosphor—c—Met2] W&o] AA|E+= A
& Western blot 2.2 &Holatgict

MTT assay

96 well plate®] FaDuZ welld 2% 10° cellsZ seeding
$ 3 5 37C, 5% CO, incubatorol A 247t wjeksic),
ECGCE 0, 5, 10, 20, 40, 80, 100, 150, 200 M= Z
sample™ 5¥2] Ado] HEE & 5 incubatorolX 164
ZF wjjeksit) Welld 1 mg/mle] MTT solution®® 2|t
T 4A)ZF incubatorel A HIFSt H welld 100 p1 DMSO
2 formazans E3A1Z1 F, 540 nmolA £3¥ forma-
zan®) optical density S =73t}
UM ZO| B4 EM(Proliferative assay)

EGCG®] HGF oAl &3= #7Fkst7] 918l HGF 0, 10 ng/
ml2 23 FaDu AIE(1 % 107well) ol EGCG(1, 10 M)

TH A1 o}ﬁiﬁ‘r.

mocytometers ©]-&3}] /‘ﬂ}i—?—% %‘@ﬂ?ﬁi’ odjof wljx]
ol o] 5 53] HHEsie] H

=
=
Ao A,

ZUNES] EAS(Colony dispersion) &4

EGCG2 &35 #7Isl] ¢J8l HGF 0, 10 ng/mlZ 2]
8t FaDu A3 EGCG(1, 10 M) 2 A3t 5 12 well
plate®] welld 3x10°¢] AEZ Ytk A4 Qlxte} 3
o] gl v olA 48AIZE kst F 16413 o)/de] = (co-
lony) o] F4=UE Wl AFS AlsISith Mitomycin C(8
rg/mh)E 3087t AA2)g ¥ HGF 0, 10 ng/mlE A2
Sk FaDu AlRES] EGCG(1, 10 M) & A28t H A7+ (6
AIRY, 12713, 18A1%Y, 24A1D 2 Mlaze] 24 dnlds
3 #Esich

Wound healing assay2 &%t SN Z2| 0|5 =AM

FaDu A5 24 well platecl] 1 X 10718 HF3 3 444
QIxLel FAo] i HiRolA 48A17F 53t Hjekste] AT}
plateoﬂ 231 90% oY) dE7E HE% 3tk Blue tip

& o]&ate] dish WS AR 20 #L$E YB|E injury
lines WEQIT PBSE A|E7} vfdof|a] "Hojx|x] Q=
staA Mgt H PBSE AASH $of wijx]&
HGF 0, 10 ng/mlZ 2]t FaDu A2 EGCG(1, 10 M)
2 A2tk Wound healing assay= @17 ¥l& X100
OF AFHE (4, 8, 12, 24, 36, 48A17H 2 APKS Ao H]
WAL dn el g ArE 2 s 54
7 g 1k AYE FAXNCE APt

A8 Yo

SUMES| Eed =4

FTUAIEES] % %‘é% 1-2517] 918 Transwell chamber
(Costar) & AREsISty. WA polyethylene filter (8 #m
pore—sized) 2] 1] EMEM 100 ulefl =<1 type I col-
lagen(6 pg/filter) = = §- sF2 -84} laminar flow hood
oA coating | FAtE 3 wellell 0.5% FBS medium 500 gzl
£ ¥ T EGCGY 3= H7ksl] 98] HGF 0, 10 ng/ml

2 At FaDu Axo EGCG(, 10 M) Z 23t well
Z¥7+ w=20h Mitomycin C(8 pg/ml) & 30%7F A2
= A well?) filter 9ol 10° cells(in 100 gl of growth
medium) & $&351chFig. 1). ©] chamberE 37T, 5%
COooNA 48A1ZF vljoFst T A well] filter& A ASEL
pores FHsto] oflivde] H-2¥l M3EZE hematoxylin©. &
FAsk & F3 v Fotol 1 A Adth
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Fig. 1. FaDu cells are responsive to HGF induced Met activation. 3 X104 FaDu cells were serum starved for 4—5 h and treated with or
without (=) 10 ng/ml HGF for the indicated times in serum-free media. Protein lysates were taken with boiling laemmli buffer. Protein
(10 ¢b) was loaded per well for Western blot analysis and probed with phospho-c-Met antibody. HGF treatment induced rapid acti-
vation of the HGF receptor, c-Met which is sustained up to approximately 24 hour. The experiment was performed three times and a

representative experiment is shown.

c-Met HGF

B-Actin

c-Met

Western blot

RT-PCR

Fig. 2. Analysis of expression of c-Met and HGF in the FaDu cell
line. A : The expression of c-Met mRNA was measured by RT-PCR
in the hypopharyngeal cancer line FaDu. B : Detection of the c-
Met protein in FaDu cells by Western blotting. HGF was not detec-
ted by either RT-PCR or Western blot analysis.
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214, wound healing assay 9 H44
sion 12)& O]% Poﬂ t—testE A 3A L, TAE

p #kol

0.05 o]alRl A5 SATEH R 9ol= o7 J&Xé 3t
St

Z 1}
SIRIF2E M ZEF0|AMS| RT—PCRI} Western blotting

aloIF AEFE 0] 83 RT-PCRS| A3} HGF2] 23
2 Aot c—Meto] WL FsHA YERE I Western
blotting”y c—Met 2] 73t ¥Halo] ElEcH(Fig. 2). EGCG
of oJst HGF SAlas= 271 913 A&st Western blot-
tingo4, HGFel 9J8] FaDu cell°llA] phosphor—c—Met
9] W&o time sequentialdhl 78R A8 #91E 4= 9l
A (Fig. 1).

EGCGE] o] S7Ftel whet HGFell 9)3) activation®
form¢&! phosphor—c—Met2] &&o] AA|H+= AL Wes-
tern bloto® 1% 4 QIgl=tl, EGCG2 < ] 0.625
M o delX = St c—Meto] dAsH ad A&
gelsk 4 SltHFig. 3).

MTT assay
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wl, EGCGE] 5 pMO] Z7]8-E] AL F2]o] giaH
A H o] 40 pMA 200 £M7HA] plateaud o5+ Ft
OF YEtom 40 pMelA thzatel vlsf Al3Ee] F2lo]
oF70% A= e Bt (Fig. 4).

EGCGO| oIt ZtM =G ERIRtel Z4
HaemacytometerE ©]431 3 JEE

10 ng/ml %9 HGFZ A& + 3% ﬂ%

AR 40.54% 2] ds& B FAKOE %ﬁﬂf&

B3t (p<0.05). EGCGE A2d LolM= a3 HGF

A FAXNCE FoletA FaDuzt SAlE= 2 g2l

sk = 9lom EGCGE F%ol wetr EGCG

et FHTF 10 p M= A2t oA FaDuJ 2ol oA
HE FAE Qe ol FAFCE F3tH(p<
0.05) (Fig. 5).
EGCGO] o8t ZIM =M AQIXRIO| EASE K|
HGFol &gt e}l Tehe] akd Aex 24417k
thell A 10 ng/mle] HGF Af=rollA 4 9" FaDu’F ECGC
of o5 &AstA FAte] AL USE & F Yo,
EGCG 1 #M—‘ 741?45} —EE‘ﬂr 10

uME A3 FollA FaDu
Qlgk 4= SIStk (Fig. 6). Fig. 4
]/\1 EO%Z‘:O] EGCGE HEaIs Wl AlxEApdo] dojut

EGCGO]| oIt ZIMZSEOIXIC Wound healing F& |
Wound healing testE 3l &<lst Al32e] o537} 524
oﬂ #et Al M= HGF 10 ng/mlZ A3t ol 71g &
g3t o] 53} F2]o] Elyo] wound Pt 7+ 7HZ o] 7}
oo ol Ha]2 ahx) oo tjzio] EGCGE A}
?f} TR wound ek 7+l 7hAo] Fokth o3 it
FAACR APe o 48217l t =Tl H]S|
HGF 10 ng/ml& A2]dt ollA SAA frelido] A St
7re] 7¥70] Folxl okakS Holow EGCGE A2lsh iLOl

F

EPN

mlo oto

Hlzo] vl Ok 1ke] ko] BAH O folahA WA
YERHTHp<0.05) (Fig. 7). X3t EGCG 1 pME A2lgt —EE
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Fig. 3. EGCG inhibits HGF-induced c-Met signaling in FaDu cells. 3 X104 FaDu cells were serum starved for 4—5 h and pretreated with
the indicated concentrations of EGCG alone for 0.5 hour. The media was removed and the cells were treated with (+) or without 10
ng/ml HGF (-), with and without the presence of the indicated concentrations of EGCG for 15 min. Protein lysates were taken with
boiling laemmli buffer. Protein (10 «I) was loaded per well for Western blot analysis and probed with c-Met. Treatment with 0.625 1M

EGCG inhibits HGF-induced c-Met phosphorylation.
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Fig. 4. MTT assay. 2-day cytotoxicity of EGCG towards proliferation
of FaDu cells. Cell viability assays were done using the MTT assay
system.

o 10 uME& Ast oA FaDul o] gis] oA1gS

gelg = 3ISith

ECGCOll 2fet 7| = XRIXIC] UM 22| &R A

Transwell chambere®l type I collagen< coatingd}il
Alggst 25 ARl tizzTro] F4 51.470<1d) vl HGF
10 ng/miQ! 7% 3+ 157.271%0 32 HGF 10 ng/ml+ EGCG
1 #MQl 7% 58.6700] 31, HGF 10 ng/ml+ EGCG 10 M
2 AP 4 2547031tk HGFeF A2 gt o] djzaatel
H]3| Transwell chamber& F33st 7} SAH S 2 /9
3 Wk (p<0.05), HGF 10 ng/ml+ EGCG 1 zM¢! 7
7F izl vl oRE FrbE Sl oM SAIA oS 6l
ATHp=0.425). HGF 10 ng/ml+ EGCG 10 Ml 7%l
+ &7 HGF 10 ng/ml+ EGCG 1 M AHE+Ho} &
o] o] A eH, FAA ool Sl Afolg K
StHp=0.005) (Fig. 8).
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Student’s t-test result (p value)

Control-EGCG 1 : 0.000

Control-EGCG 10 : 0.000

Control-HGF 10 : 0.000

EGCG 1-HGF 10+EGCG 1 : 0.007
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HGF 10+EGCG 1- HGF 10+EGCG 10 : 0.000

Fig. 5. Proliferation assay. Proliferative assay of FaDu cells after
treatment with HGF for 5 days. Exogenous HGF significantly en-
hanced the growth of FaDu and EGCG inhibited HGF-induced
proliferation of hypopharyngeal cancer cells in dose-dependant.
* 1 p<0.05 calculated by t-test.
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Fig. 6. Scattering assay. Colony dispersion assay of FaDu cells after treatment of HGF 10 ng, HGF 10 ng+EGCG 1 ¢M, and HGF 10
ng+ EGCG 10 «M. HGF stimulated dispersion of cancer cells but EGCG inhibited HGF-induced scattering of hypopharyngeal cancer
cells in dose-dependant. FaDu cells were maintained in serum-free medium containing 0.1% BSA for 48 hours prior to the treatment with

HGF (10 ng/ml) for 24 hours.

0 hours 24 hours

No Tx

HGF 10 ng/ml

HGF 10 ng/ml
EGCG 1 M

HGF 10 ng/ml
EGCG 10 M

48 hours *

30.00 |-

20.00 |-

Wound healing assay (relative distance)

10.00 [
0.00 T T T T
Control HGF 10 HGF 10+ HGF 10+
EGCG1 EGCG10
Groups

Fig. 7. Wound healing assay. Wound healing assay of FaDu cells after treatment of HGF 10 ng, HGF 10 ng+EGCG 1 1M, and HGF 10
ng+EGCG 10 M. For assessing the contributions of HGF to both migratory and proliferative activities, we performed the in vitro wound
healing assay without mitomycin. Exogenous HGF enhanced the migration and proliferation of FaDu but EGCG inhibited HGF-
induced migration of hypopharyngeal cancer cells in dose-dependant. p<0.05 calculated by t-test.

53 o)A miAlE A 1, 29719 fdete] o) Folxl
th= ®Haso] glh?
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SA TN 4] RS AAlSt AEAES RS
ok gtk Crespy 572 EGCG7} in vivo mRE-AAE 9|
A UVell 93l =5 43l (carcinogenesis) & <A
&= 733k ofH)r g].tﬂao So|gly B3k v 9t} T3k Ka-
vanagh 5”2 DMBAR A2]¥ #AoA mxlpEEo] £
o] WA VIS At W T AL dolE 7t
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IGF signaling2 A8} PI3K 9} MAPK 22| &4S o
Azt ®asldch!Y EGCGe) Ag1At ojAls) #ast o
T A 99 =RolM BuEE Liang 592 A431
celleld =4} catechin®l EGCG, EGC$F ECGE= EGF Al
iﬁig‘ 0411]6]—1:}_’]1 ng_g}oig\)r ECE o%xﬂ_@_jrjﬁ} g}cﬂ
Ad A5 E EGCG, ECGSF EGCellA
= ?ME%O %‘—*ﬁ‘% AL HEANES st ECE
olgjgt a¥r} §lrkal Hasholch
HGF/c—Met Ae @425 B2 oM njgddoz %
A3 9 HGF o A3 A2 9] 33k g4o] ok9)
o 52 s sth= B 7t ok PI3—kinase/AKT 9}
Ras/ERK AZ9] sH-4 29 &dsh= HGF frse Al
329] o]} f2Hadhesion) ol B2 o2 A A )k
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oli= HGF7} &%) #olgl HFoll T3t 95 3hs B
o]zt & = Itk B e 7)Ee] ARbeo] wud
HGF9} c—Meto] sRRIFHe] o %9} Fasith= 94
7} HGFell 9J3l in vitroollA sk1F9t MEF7F 52, Frket
0)%-8 Z711)7)1,'% matrix metalloproteinase—2 (VMP—
2) ¢} urokinase type plasminogen activator (u—PA) 2] &
e Baf AEY A5S PR A7dsE B
AgEE0] HGFel 93] fres= afIFet Alxe] 54,
i olg ) AFE JAlBRAIE Haak stk # ATE
A PR =21FEE] 322 <] 4714 catechin (EGCG,
EGC, ECG, EC) ol o3t MTT assay= A&3t A3} EGCG
9] At 7P A Uska ECE SRIFUAHEE 23]
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Fig. 8. Invasion assay. Invasion assay for FaDu cells treated with HGF.
FaDu cells were seeded on the upper membrane of the Transwell
chamber in HGF 10 ng, HGF 10 ng+EGCG 1M, and HGF 10 ng+
EGCG 10 M in the lower compartment respectively. After 48 h of
incubation, cells that plugged the 8-« m pores and cells that were
attached to the under-surface of the membrane were counted. The
bars represent the SDs of tiplicate samples. The data shown are
representative of three separate experiments that gave similar re-
sults. HGF significantly promoted the invasiveness of FaDu cells but
EGCG inhibited HGF-induced invasion of hypopharyngeal cancer
cells in dose-dependant. p<0.05 calculated by t-test.
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