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Effect of HGF in Invasion of Hypopharyngeal Squamous Cell Carcinoma Cell Line
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ABSTRACT

Background and Objectives : Recent reports revealed that hepatocyte growth factor (HGF) is related to tumor invasion and
metastasis. Activation of the urokinase-type plasminogen activator (u-PA)/plasmin proteolytic network and matrix metallopro-
teinase has been shown to play a key role in tumor invasion and dissemination of various malignancies. So we examined the
effect of HGF/c-Met on MMP-2, 9 and u-PA in FaDu cell, a hypopharyngeal squamous cell carcinoma cell line. Materials and
Method : We performed RT-PCR and Western blot in FaDu. Tumor cell invasiveness was assessed by the membrane invasion
assay (using Transwell chamber). To examine the role of MMP-2, 9 and the relation between HGF and MMP in the invasion of
hypopharyngeal cancer, RT-PCR and zymography were performed in FaDu cells. We tested to confirm the HGF-mediated
plasmin activation. Results : The expressions of c-Met mRNA and protein were detected in the hypopharyngeal cell line while
that of HGF was not. HGF markedly enhanced the invasion of cancer cells in a Transwell invasion chamber in a dose-dependent
manner (p<0.05). The expression of MMP was detected in hypopharyngeal cancer cells and exogenous HGF slightly enhanced
the induction of MMP-2 activity in zymogram analysis. The activity of u-PA was detected in FaDu and HGF (above 10
units/mL) enhanced the activity of u-PA (p<0.05). Conclusion : These results suggest that HGF may play an important role in
hypopharyngeal cancer through the activation of u-PA and matrix metalloproteinase. (Korean J Otolaryngol 2005;48:788-95)

KEY WORDS : Hepatocyte growth factor - c-Met, Hypopharyngeal cancer - Invasion - Urokinase-type plasminogen activator
Matrix metalloproteinase.
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O urokinase—type plasmogen activator(u—PA)O 0O
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0 000 0000 00000 0000 000 ooo®
0000000 (hepatocyte growth factor, 00 HGF)
0 00000000 000 0000, 0000 00 O
00 00 00000 000 0000 000 000 O
0000, 00 0000 0000 proteasel] OO0 O
0O 000 DOmotility)D OO (invasiveness)D OO0
0O 0000 @morphogenesis)0 OOO0O0O OO (angio-
genesis) 00000 OOOO 00097

00 000 000 00 00 0000 000 0000
000 000 000 000 00 MMPO u—PAO HGF
0 c—MetD 0000 000 00000 OO OO OO
00 0000000 00 000 0000 008?200
0 0000 000 0000 0000 00 000 00
0 000 000 D0000 0000 0000 HGFe—
Metd OO0 000 000 OO0 0000 MMPO
u—PA0 000 000 OO0 000 OOOOO OO0,

oo 0O oo

oooo

American Type Culture Collection(ATCC) OO0 O
OO0 0000 000 Fabu(HTB—43, ATCC)O EMEM
(10% FBS) 0000 5% CO2, 37000 0O0O0O. u—
PA assayll 00O O0O0OO0O OO Madin—Darby canine
kidney(MDCK—-2) 0000 10% FBSO 0OOO DMEM
00000 ooood.

000 odo oo

HGFO OO 00000 human O HGF affinity puri-
fied polyclonal goat antibody (R & D systems, Inc, MN,
USA)O 00000 c—MetD OO OO0 OO0 human
0 HGF receptor(c—Met) polyclonal goat antibody(R &
Dsystem)d OO0OO0O.

RT—PCRO 00O HGFO c—Metd mRNA OO
0000 000 1 mLO TRIzol’(GIBCOBRL, Grand Is-

land, NY, USA) 000 00000 O, 0 RNAD 00O

OO. 0Oooo oooobD OO0 O RNA 2ugd OO

71X

428z 2

fol

Omniscript Reverse Transcriptase kit(20511, Qiagen
Germany)d OO0OOD{10X Buffer RT 20puL, dNTP
Mix(5 mM each dNTP) 2.0 p L, Oligo—dT primer(10
M M)2.0p L, RNase inhibitor(10unitsfs L) 1.0p L, Om-
niscript Reverse Transcriptase 2 units, RNase—free
water} 20 LO OO 37000 600, 94000 500 O
0000 eDNAD OOOO0ODO. PCRO Minicycler™(MJ
research, USA)0 00000 OOO cDNAO Tag DNA
polymerase 1 unit(Roche Diagnostics Co, Indianapolis,
USA)O 000 primerD OO OO0O00O.0 OOOO O
00 human HGF primerd human c—Met primerd O
000 000 oog oo.

human HGFO

senseJ5 —ACA TCG TCACTT CTG GC-3

antisense1 5° —ATC CAT CCT ATG TTT GTT
CG-3
human c—Met

sense] 5 —AGT AGCCTGATT GTGCAT TT-3',

antisense15 —TCT TTC ATG ATG CCC TC-3'.

B —Actind
sensel] 5’
TCCTT-3,

antisense]15 —CCT AGA AGC ATT TGC GGT GCA
CGATG-3'.

PCROOO OO OO0 98000 300 OO0 O, 960
00 300, 55000 300, 72000 30000 O 30
cyclesd 0000 O0O(extension)d] 72000 500 O
oood.

—TCA TGA AGT GTG ACG TTG ACA

Western blottingll OO0 c—MetDD OO OO

0000 0000 phosphate buffered saline(PBS)C
0O 00O 00O DOoDoOD OO0 @oop g/mL phenylme-
thylsulfonyl fluoride, 1 p g/mL leupeptin) OO0 RIPA
(RadiolmmunoPrecipitation) buffer 1 mL{150 mM NaCl,
1% NP—40, 50 mM Tris(pH 80), 1 mM EDTA, 05% De-
oxycholate} 00 O0O0O0O0O0O. O OOOO 15,000
romO0 1000 0000 O OOO0O Western blot an-
alysisD 000000 OOOO OO Bio—Rad protein
assay(Bio—Rad, Hercules, CA USA)O O0O0O0O OO0
OO.WellO 20pgd OOOO OOOO OO sodium do-
desyl sulfate(SDS)—polyacrylamide gel electrophoresis
(PAGE)D OOOO OO0 0O nitrocellulose filter(Amer-
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sham, Arlington Heights, IL. USA)O 00O 00 4000
00 0 00 0O c-MetOOO OOODOO. OO0 filterd
0.1% Tween—200 OO0 Tris buffered saline(TBS)
0000 OO0 O peroxidase—conjugated donkey an-
ti—rabbit antibody(Amersham)d donkey anti—mouse
antibody(Amersham)l OO 0000 O enhanced che-
miluminescence detection system(ECL, Amersham)[]
0000 X-ray fimOO OOOOO.

HGF OO O OD0O0O00O 000 00

HGFO 000 OO0 00 000 000 oooooo
OoDO OO Transwell chamber(Costar)D ODODOOO.
OO polyethylene filter(8 ym pore—sized)D OO0
EMEM 100 p LO OO type | collagen(6 p g/filter)0) O
0O 0 000 00 laminar flow hoodO O coatingd O 0.
00 wellD 0.5% FBS medium 500 p LO OO O HGF
0, 10,30 nguLO OO0 OO0 welld OO ODODODO.
Mitomycin C(8u g/mL)0 3000 OO0 O O OO well
0 filter0 O 10° cells(in 100 p L of growth medium)C]
00000 Fg. 2). O chamber 370, 5% CO,000 48
00 000 00 00 wellD fiterD 0000 poreQd
0000 0000 000 000 hematoxylinD O OO0
O 00 0000 Ooo0 0 ooo ooo.

000000 matrix metalloproteinase(MMP)—2, 90
zymogramU O

RT-PCR%Z °]$3d MMP=2] 2% 24}

000 FaDu O0O0OO 50~100 mgh) OOOO OO0
Ud mRNA U000 000 OO0 oOoooo. b oo
00 oo0d MMP-2 primerdd MMP-9 primerd OO
ud oog ogg od.

MMP -2
sensel] 5" —ACC TGG ATG CCG TCG TGG AC-3
antisense0 5 —TGT GGC AGC ACC AGG GCA
GC-3
MMP-90
sensel] 5" —GGG GAA GAT GCT GCT GTT CA-3’
antisensed 5 —GGT CCC AGT GGG GAT TTA
CA-3
PCROOO OO OO0 96000 300 OO0 O 960
o0 300, 55000 3040, 72000 30000 O 30
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cycles 0000 O0O(extension)d 72000 500 0O
oooo.

Zymogram analysis

0000 000 000 HGFO 0, 10, 30 ng/mLO OO
00 0O 1,20 00 OO0 0000 OOo.0oooggd
0O 0000 000 O 00 30opg OO OO APMA 15
pLO 0000 37000 10000 oOoooogd. oo
00 000 00 MightySlimTM SX 250(Hoefer, CA,
USA)24000 4800 OO0 OO0 OO OO0 OOO
000 0O00.00 0000 00 10pulO OO sample
buffer] OO 1000 OO0 O OOOO geld 0OO
OO Novex XCell 10 OOO0O 4000 125vV0 1200
0O 00000. 0000 e0o00 renaturing buffer00 O
00 OO0 developing buffer 100 mLO OOOO 370
fresh developing buffer00 OO0 OOO0O 1800 0O
OO00. 00000 300 OO0 Coomassie blued O
00 00 OO0 0O0Od0O 100 Ooodbo gopbog od
00 (Methanol 400 mL, Acetic acid 100 mL, Distilled
water 500 mL)O O Geld OOOO O image analyzer
ooo ood.

000000 HGFO Urokinase type Plasmogen acti-
vatorl OO0 OO

0000 0000 10% FBSO OO0 DMEM 96 well
platesC] O0O0ODOO (3000 cells/well, 6000 cells/well)
(MDCK-2 000 000 0000 1500 cellsiwelll O
O000. 000 plated O setd OOOO OO0 plas-
min 0000 0000 00 000 000 000 ooo
00 00000.00000 0000 O wellD HGF 0,
1.25,25,5,10,20 units/miC OO 2400 O0O0O0O0O.

Plasmin 4% A

phenol redd OO DMEMO OO OO reaction buffer
200 p L{50%(v/v) 0.05 U/mL plasminogen in DMEM
(without phenol red), 40%(v/v) 50 mM Tris buffer
(pH8.2), 10%(Vv/v) 2.25 mM chromozyme PL in 100
mM glycine solution}] OO0O. 370, 5% CO2 OOOO
300 00 0000 405 nmO O0O0OO automated spec-
trophotometric plate readerd] OO0O0 OO0OO0O.

Az 34 27

40, 50% trichloroacetic acidd 200 OO OO0 O
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deionized water0 0 50 000 O 0OOOO. sulforo-
damine B(SRB)(100 y L/well, 0.4%(wW/V) in 1% acetic
acid) O welld 0O O plateD OO0OO 300 OO O
0O000. Unbounded SRBO OOOO OO 1% acetic
acidd OO OO0 O 570 nmd OOO0O automated sp-
ectrophotometric plate reader] 0000 O0OO0O0O.

agoo od

o000 one—way ANOVA testl 00000 OO
000 Scheffe testD O0OO0O0. 000 p OO 005 0O
U0 obo boooob 0ooob 0og ooobogo.

O U

0000 000000 RT-PCRO Western blotting
0000 0000 000 RT-PCRO OO HGFO OO

O 0000 e—MetDh 000 OO0 OOOO Western

blottingdl c—Met0l OO OO0 OOO0OO (Fig. 1).

HGF OO 0O 00000 OO0 oo

Transwell chamber type | collagend coatingd [
000 00 0000 0000 00 19000 00 HGF
10 ng/mLO OO0 OO 890000 HGF 30 ng/mLO OO
13600 HGFO 000 OO0 0000 OO0 Transwell
chamber] OO0 OO0 O0OOOO DOOD ODOO@E<
0.05), HGF 30 ng/mLO OO0 10 ng/mL OO0 OO O
0000 0000 000 0000 ooo oooEg. 3).

000000 matrix metalloproteinase(MMP)—2, 90
zymogram(] [

RT-PCRZ ©]&3 MMP2] 2% A}
goo0d gogood HGFO MMP-20 MMP-90O 0O

HES 9|
00 000 0000 000 0000 MMP-20 OO
HGFDO 00000 O 2400, 48000 OO 00O RT—
PCR 000 HGF 10 ng/mL0 000 00000 HGFO
0000 00 0000 000 0000 HGF 30 ng/mLO
0 000 0000 000 0000 00 000 0 00
0.000 MMP-90 0OO0O 0000 HGF 00000
000 0000 000 (Fig. 4).

Zymogram analysis

MMP-2, 90 0000 OO0 HGFO OO0 0000
000 zymogramll OO0 OOO0OO OO0 OOO
00 MMPO OO0O0O 0000 0000 0OO0OO OO0
0O 00000 000 MMP OO0 ODO0DO0OO MMP-2
0O 0000 000000 00 0000 00 ooo god
000 24000 000 zymogramd OO HGF 10 ng/mL
0 000 OO0 COOC0D 00O 0o goboob 48000
000 zymogramd OO OO0O0OO HGF 30 ng/mLO O
00 000 0000 00 oo ooogd. mvpP-o0 O
0 48000 OO0 zymogramO O HGF 30 ng/mLO O
00 000 0OD0OO0 0obD ogoooo oo ooo g
00 0000 o000 ooo oobo ogoo ooo g
0004 (Fig. 5).

Apical chamber

— Monolayer
Type |
collagen
coated
membrane
I — Filter

| I Basolateral chamberd HGF(0, 10 ngfs L, 30 ngfa L)+
0.5% FBS EMEM 500p L

Fig. 2. Transwell chamber used in invasion assay.

RT-PCR

HGF c-Met

Western blot

B -Actin

Fig. 1. Expression analysis of c-Met and HGF in FaDu cell line. AO The expression of c-Met mRNA on RT-PCR were detected in hypo-
pharyngeal cancer line (FaDu cells) BO The protein of c-Met on Western blotting were detected in FaDu cells. However, HGF was

not detected in the RT-PCR and Western blotting.
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Fig. 4. RT-PCR of MMP-2, 9 in FaDu cells. The expression of MMP
was detected in FaDu cells and exogenous HGF (30 ng/mL)
slightly enhanced expression of MMP-2.

000000 HGFO Urokinase type Plasmogen acti-
vatorl] OO OO

0000 0000 0000 0obo ooo Mbekzodo
000 000 00000 00 HGFO OO0 00 OO0
0000 OO0 00000 oo0oO0 plasmin OOO0O OO
0O 000 0 000E005). 0000 000000 well
0 3x10°00 OO0 000 00 000 HGFO OO0
00 plasmind 0000 OO0 OOO0O ODOOOO O
0000 000(Fig. 6). 000 welld 6x 10°00 OO
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@ Control HGF 10 ng/mL HGF 30 ng/mL
160 "
120 .
100 Fig. 3. Invasion assay. FaDu cells seeded on the upper
80 membrane in the presence (10, 30 ng/mL) or absence
of recombinant HGF in the lower compartment. After
60 48 hour of incubation, plugged cells in 8y m pore or
104 cells aftached to the under-surface or the membrane
were counted. The bars show SD of triplicate samples.
20| —— Data are representative of 3 separate experimnents
with similar results. *p<0.05 when compared with that
Y 1 T T of control by ANOVA test. HGF enhanced the invasion
Control HGF 10 HGF 30 of FaDu cells in a Transwell invasion chamber in a dose-
dependent manner(p<0.05).
1 day 2 day
e _
c 10 30 C 10 30 (hg/mL)
1 day 2 day

< MMP-9
(92 kDa)
MMP-2
(72 kDa)
C 10 30 C 10 30 (ng/mL)
\—/
1 day 2 day

Fig. 5. Induction of MMP-2, 9 activity by HGF. FaDu cells were
serum-deprived for 48 hours, then incubated with fresh medium
containing HGF (10, 30 ng/mL). Conditioned medium were
collected at 24 hours and 48 hours respectively. Samples were
fractionated on a polyacrylamide gel containing 0.1% gelatin
and zymogram was developed as described in Material and
Methods. Migration of the 92-kDa and 72-kDa gelatinase acti-
vities as determined from molecular weight standards are in-
dicated by the solid arrows.

0 000 0000 HGFO OO 00O OO0 ooood
(Fig. 6A), 00 SRB 000 OO O0OO OO HGF 5
unitymiDOO 000 000 10 unitymLOO 5 unit/mLO
00000 0000 plasmind OO0O0O OO0 0000
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Fig. 6. HGF-mediated plasmin activation in MDCK-2 cells (a) and FaDu (b0 3000 cells/well, cO 6000 cells/well). Plasmin activation was
determined by using a specific plasmin chromophore substrate and measuring absorbance at 405 nm as described in “Materials
and Methods.” A0 HGF enhanced the plasmin activation in MDCK-2 cells (a) and FaDu (c) in a dose-dependent manner. BO The
resuls of HGF-mediated plasmin activation was corrected by sulforodamine B (SRB) stain. Error bars. The SE from the mean fo mul-

fiple experiments (n=3).

0000 (Fig. 6B).
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00 0000 FabuDO HGFO OOOO OO0 00O
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u—PA 0D 0000 00000 0 000 HGFO O
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000 D0000 00002 goood MetD OO0
000 000 O 000 000 0D0000 00 000
HGF 000 60000 00O0OO0D0 OO0 000 000
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0000 00 000 HGF 000 1600 00 2400
000 0000 0000 000 OO0 (scattering)00 O
|:||:||:|.10)l3)
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00 0oooo 00b 0000 ooooo o booa
00000 0000 0000 000 00 000 O
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000 OO0 000000 0000 heparinase, serine
proteinase, cathepsin, MMP OO OO0 O0O0O0O0 O O
MMPO serine protease] OO0 OO0 OO0OO0O O
00 0O0®MMPO 000 00O, 0000 00O,
oo oooo boo oboooo oo oobo oo d
O fibrillar collagend O0O00O collagenase, proteoglycan
O glycoproteind O00O0O0O stromelysins, nonfibrillar
denatured collagen(gelatin){] OOOO gelatinase, 00
O matrilysinD 400 000 0000 OO0O0O 2400
000 MMPO 00000000 00000 000
O 00 type O collagenDO OOOD0O OO OOO type
O collagenasedJ 0 MMP-20 MMP-90 0O0O OO0
0000 000 0000 00 000 000 MMPO
000 000 OD0O00O0 OO0 0000 proteolytic pro-
cess[] 00O bioactive molecule OO0 OO0OO0O OO
oo oooooo, ooob boood bbooood
O, matrix protein(] 00 mitogenic moleculel release
oo ooo oobdo ooo oo ooo godgd
0o gooooo oooob tooob oooo ooda
00000 00 000 0000 0000000 cel
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0000, 0000 apoptosisd host immune defense

793



HGF7} 5tol

-n
]
&
x
Hel
1]
o
1o
o
)3
f=}
=
pal
rir
02
oot

systemJ0O0O0O D000 OO0 OO bFGFO VEGF O
O angiogenesis growth factord 0 000000 endos-
tatinO 00 angiostatinC O natural angiogenesis inhibitor
U ood bbdodn ooobob ooob oo ogo
00 000 0000 0000000 MMPO 000
U odgo ob 0ob bbo 0o ooob bboo oo o
god god, d bog bo bbb bbb obob oo
udno bbodo. o gobdodo gobobooono MMP
U odb obdb Oobo bobb boo ob oboo
0 MMPO OO0 O0O0O0O ODOOOO HGFO MMPO O
00 0odo 0o0oo 0oo bobo boboood RT—
PCRO 000 0000 OOOOO MMPO OOOOO O
oo MMP-20 MMP-9OO 0O0O0O OO0 OOO. OOd
HGFO OO MMPO OO0 OO0 MMP-200 HGFO
30 ng/mLO O0O0OO0O OO0 00O ODO0OO OO0OO0
HGFO O0O0OO mRNAO O0O0O ODOODO OO0 OO
0od, zymographyl 000 000 OO0OO0 0000
goooo MmvP-2, 90 0000 O0O0O0O O OO0 O
oo oo oboo boobog MvP-20 O0O0O OO
U odood oobdb oboo MmvmPL O0OOog o
000 00b DO00dbo.HGFD 00O 0DO0d MmMP-20 O
odd b0oo 00 HGFO U000 ood oood go
0O 000 0O0DOO00O MMP-9O0O0O HGFO 30 ng/mL
0d obooo 48000 OO0 Dood oboo o oo
oo ggoo. b ooboo MmvmP-20 OO0 HGFO O
0d od RT-PCRO MMP-200 OOOOOO DOOO
00 0ol oobo obbo bod odg ggg go
oD bod 0od gubbbd m=—RNAO OO0
00 proteind OO0 O0OO0O OO O OO O O0OOO
U oboob ooub oodob 0o bbb b ooo
ud oo oboo obbb Ob 0o bo ob oo
RT—PCRO O Western blotd 0000 MMP protein(
ud obb goobo oo oou bbo oooob. oo
0 000 0000000 OO0 00 00O OO0 Horie
00 HGF/c—met signald OO0 OO0 O0O0O (renal
cell carcinoma cell line, Caki—1)0 0 proMMP9, pro-
MMP1, O urokinase—type plasminogen activator(uPA)
0 upregulationd 00 000002 Kawamata 00 00
goooooon proMMPOU OOOO MMP-20 O
0 0000 00 o0bOOo oobgo HGFO OO MMPO
00000 OO0 00000 000 00000200
goono Oobobo0O bood EGF, TGF, HGFO 800
oo MMP-OO 0000 DOODOOO MMP-20 OO
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0 4800 0O0OO0O O0O0O0O ODOOO O 0O 2400 O
O incubationd OO OO MMP-20 modest down—
regulation0 OO0 OO0 0000 0O0O0O O0OO OO
MMPO 000 HGFO OO0 OO0 O 0O 0000
Trusolino 00 000000 human mammary adeno-
carcinoma cell line)0 MMP-90 uPAO O0OO0O0O O
0 00000 000 HGFO D000 DOoOo MMPO
0 0000 000 0000 000000 0oo O
gd bod 0o 00 oo oodg bo bbb oo
00 oboooodd ooo ooo ooo o o ood.
0d0d ood gooooob 0O ooo oooo oo
0 000 obooo oggd.

MMPO O OO0 OO0 OO0 OO OO0 Ooogog
00 serine protease1] OO OO OO O00OO0O OO0
0 tissue—type plasminogen activator(t—PA)O uro-
kinase—type plasmingen activator(u—PA)O 000, O
U t—-PAD OO OO O0OO O0OO, u—PAO OO O
00 000 0000000 0000 002 u—PAQ
000 52kD0O serine protease] O0O0O0 OO0O0OO
udd oodd 000 000 ooob oub oooo.
00000 u-PAD OOOO OO0 proenzymell pro—
uPAD OO0D00O0O OO plasmin OO OO0 OO0 O
00 0000220000 u-PAD plasminogend O pla-
sminOO 000 00 00000, 000 plasmind OO
000 OO0 0000 OO0 fibrin, fibronetin, proteo-
glycan, laminin00 OO0O0O, type O collagenased [
0000 0000 0000000 type O collagend O
0000 ooooo.®

b db goooon uv=-PAO OO0 ODODObO
00 0D000 O0OoO ooo, ELISA(enzyme—linked
immunoabsorbent assay)(1 0 OO0 OO0 u—PAO O
0000 {mmunoreactivity)l OOO000 OO0O0OO
00000200000 0 0®0 0000000 00
000 00 ooooodod bobobo boooog o
0 MMP-200 u—PAO OOO0O0O OOOOOO MMP-2
000 0boood 0oodno oooo oooo oo
0O 000 000 u—PAO OO OOOO(T stage)d OO
0000 000 O0bod. 0 0bobd HGFO OO0 FabDu
O Transwell chamber0 OO OOO0O OOOOO MMP
0 000000 00oobo 0b0od HGFD u-PADO O
00 000 000000 0 00 0000 000 00
0 0oobo mvP=20 O 00O OO0 O 0000 FabDu
g odod MvmpPld u—PAO OO O0O0O OO OO0 O

Korean J Otolaryngol 2005:48:788-95



00 HGFDO 00O 000DOgb oobogo.

O U

0 000 000 HGFO 0000 0O0d@rabuw)O O
o0 obooooboooo ooood ood MMP-20 u-
PAO O00OO OO HGFO MMP-20 u-PAO OOO O
udag oob oodd. ood ooooo ooo 4o
00 000 ooooo HGFO oo 00 MMPO u-—
PAD O0O0O0O 000 0000 O 0O 0O00O.

00 ODoOoOo0odOooog- e-Met: OOOO- OO-
urokinase—type plasminogen activator- matrix metallo-
proteinase.

REFERENCES

1) Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metastasis and
angiogenesis: An imbalance of positive and negative regulation. Cell
1991;64:327-36.

2) Tryggvason K, Hoyhtya M, Pyke C. Bpe IV collagenases in invasive
tumors. Breast Cancer Res Treat 1993,24:209-18.

3) Liotta LA, Goldfarb RH, Brundage R, Siegal GP, Terranova V,
Garbisa S. Effect of plasminogen activator (urokinase), plasmin, and
thrombin on glycoprotein and collagenous components of basement
membrane. Cancer Res 1981,41:4629-36.

4) Schmitt M, Janicke F, Graeff H. Tumour-associated fibrinolysis: The
prognostic relevance of plasminogen activators uPA and tPA in
human breast cancer. Blood Coagul Fibrinolysis 1990, 1:695-702.

5) Slingerland J, Pagano M. Regulation of the cdk inhibitor p27 and its
deregulation in cancer. J Cell Physiol 2000;183:10-7.

6) Weidner KM, Behrens J, Vandekerckhove J, Birchmeier W. Scatter

factor: Molecular characteristics and effect on the invasiveness of

epithelial cells. J Cell Biol 1990;111:2097-108.

7) Grant DS, Kleinman HK, Goldberg ID, Bhargava MM, Nickoloff
BJ, Kinsella JL, et al. Scatter factor induces blood vessel formation
in vivo. Proc Natl Acad Sci U S 4 1993,90:1937-41.

8) Horie S, Aruga S, Kawamata H, Okui N, Kakizoe T, Kitamura T.
Biological role of HGF/MET pathway in renal cell carcinoma. J Urol
1999;161:990-7.

9) Kawamata H, Uchida D, Hamano H, Kimura-Yanagawa T, Nakashiro
KI, Hino S, et al. Active-MMP?2 in cancer cell nests of oral cancer

71X
o=

fol

e

patients: Correlation with lymph node metastasis. Int J Oncol 1998;
13:699-704.

10) Kim CH, Moon SK, Bae JH, Lee JH, Choi EC. Effect of HGF in
proliferation, dispersion and migration of hypopharyngeal squamous
cell carcinoma. Korean J Otolaryngol. In press.

11) McCawley LJ, O’Brien P, Hudson LG. Epidermal growth factor

(EGF)- and scatter factor/hepatocyte growth factor (SF/HGF)-

mediated keratinocyte migration is coincident with induction of

matrix metalloproteinase (MMP)-9. J Cell Physiol 1998,176:255-635.

Trusolino L, Cavassa S, Angelini P, Ando M, Bertotti A, Comoglio

PM, et al. HGF/scatter factor selectively promotes cell invasion by

increasing integrin avidity. Faseb J 2000, 14:1629-40.

Ridley AJ, Comoglio PM, Hall A. Regulation of scatter factor/

hepatocyte growth factor responses by Ras, Rac, and Rho in MDCK

cells. Mol Cell Biol 1995;15:1110-22.

Vadnais J, Nault G, Daher Z, Amraei M, Dodier Y, Nabi IR, et al.

Autocrine activation of the hepatocyte growth factor receptor/met

12

~

13

=

14

=

tyrosine kinase induces tumor cell motility by regulating pseudo-
podial protrusion. J Biol Chem 2002;277:48342-50.

15) Jin SM, Lee SH, Choi G, Choi JO. Expression of Matrix-Metallop-

roteinase-2, Urokinase-Type plasminogen activator and plasminogen

activator inhibitor mode and lymph node metastasis of laryngeal
squamous cell carcinoma. Korean J Otolaryngol 1998,41:1169-73.

Nakagawa T, Kubota T, Kabuto M, Sato K, Kawano H, Hayakawa T,

et al. Production of matrix metalloproteinases and tissue inhibitor of

metalloproteinases-1 by human brain tumors. J Neurosurg 1994;81:

69-77.

17) Overall CM, Lopez-Otin C. Strategies for MMP Inhibition in cancer:
Innovations for the post-trial era. Nat Rev Cancer 2002,2:657-72.

18) Rha SY. Zymography. Biotechnology Transfer in Cencer Metastasis
Research;2003. p.73-84.

19) Folkman J. Tumor angiogenesis: Therapeutic implications. N Engl J
Med 1971;285:1182-6.

20) Dray TG, Hardin NJ, Sofferman RA. Angiogenesis as a prognostic
marker in early head and neck cancer. Ann Otol Rhinol Laryngol
1995:104:724-9.

21) Folkman J. What is the evidence that tumors are angiogenesis de-
pendent? J Natl Cancer Inst 1990,82:4-6.

22) Grigioni WF, D'Errico A, Fortunato C, Fiorentino M, Mancini AM,

Stetler-Stevenson WG, et al. Prognosis of gastric carcinoma re-

vealed by interactions between tumor cells and basement membrane.

Mod Pathol 1994;7:220-5.

Kim CN, Chung SM, Min JH, Kim SS, Kim MY. An immunohisto-

chemical study on the expression of matrix metalloproteinase-2,

16

N3

23

=

tissue inhibitor of metalloproteinase-2 and angiognesis in human
laryngeal squamous cell carcinoma. Korean J Otolaryngol 1997;
40:671-81.

795



