Experimental Study of Invasive Activity of Oral
Squamous Cell Carcinoma
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Abbreviations: ABC, avidin-biotin peroxidase

LH5. Lol, SHElOBREr Bk L, @« oiMiaok
B ol U C I A R IR IRE OB R 23T 2. B ORI
NpDHZEREE G, A HVCEIERRLLT,
Fusenig 5% Boukamp 5213 % — F~ v 2 DI L1
RS LB B L, FORMMMEYRET 5%
WG L. ¥, RS LCBIMEREES, BOR
D ol SambhTw A, AR FIHLEVLD
ELTIRa 5 —» v 7 AR OEHER AT R & 5
BRI REEFARREWTH S, B, BAY =T -
2 L P SRS R A A L B A R BB
FAAOBREEF NV ERREYERL, Z0EF AR TER
T OGS S L ORGSR BIFC R S hiz l
BEE L. Chud, SHEFERAEET D ERERELRE
EHRORISICEVEF AL ThHBHR, BT e MY
—EDLLETAFLE E WS HEND D, EEERCIZAL
TRl £ 2 TEEFRHCH &4 CHA T sMEMREE
LT, BEO XL Ebhic~w v A RGBSk 313
Mias B, Thi XV RICESAAREREE T AR FRL

complex; BSA, bovine serum albumin; DAB,

diaminobenzidine hydrochloride ; ELISA, enzyme-linked immunosorbent assay ; EHS, Engelbreth-Holm-Swarm;
FCS, fetal calf serum ; H. E, hematoxylin and eosin ; MEM, Eagle’s minimum essential medium ; MMP,
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373
Fig.1. Schematic representation of an invasion model.
Carcinoma cells are overlayered on a viable 3T3 cell-embe-
dded collagen gel. The collagen gel are floating in the
culture medium in a 35mm dish.

Matrix metalloproteinase ; PBS, phosphate buffered saline; SDS, sodium dodecyl sulfate; TPBS, tween 20

Supplemented phosphate buffered saline
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T TH Y v ERIEE 4 B A K (phosphate buffered saline,
PBS) 1041 3 E##EE, 1 kABOHEERHRIE LI LT
BEMT 2 R AEABIOIERME (105HFH) 2300 HK
B, ORFEEXF o e S I =vE/ 7=k
(Immunotech, Marseille, France) . 38 X U'=% Affe P NVl =
Sy vE/ 7w F— Nk (BEEYE, B 841000, 1
HEHFERLTLCT—BRIEES 7. % PBS TI04H 3@k
#®, FizvEeHLTREFF ALy FHT » + 16 Hitk
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*F by <Hi< v & 1gG HitE (Vector Laborarories) % 2006%
FRUTHY, SRTOHMBUSZ R, & PBS TI00[H 3
EFEEHR e+ LA PP T E 2 v (Jackson Immunores-
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T PBS TI04E SEEER LB T /7 Xvo2y
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RS ARSI VREIhIc4FEDO~YRAE 7B
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FHEC N LT ES vy VARER T 0. TiobbREEEI
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DR ~OBITEE R T HDd Y v — Vi SEEREL
7o, BEEMME 4 %8 TR AT AT e FC—BREE Lk,
=& 7= NRFITHAKLTAT7 4 vEBFT . 77
YRR L TR EREMBEORA I VT P T ES Y - EdF
Vbt F v R~ avT vy 2 ARYROCTRERHY
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EREEFESRO2BMLIVELMEAT 4+ VA, = v A A
SFM-101 (= v A4, HF) 2ml 2 0.1mM 7 A=V € VEE?,
0.2%7 7 b7 AT I vERBISThEREML, HR4LA
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1000r. p. m, 5% BEOSH L TED L ERICH UL,

ELISA 0 B IE 967 7 V¥ — + (Nunc, Roskilde,
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rH— bk BER), et 74 TvFksFVvE) Z RS~
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A0l Fo40HEL, 4 CT—HRTFAF v 27 V-l
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phosphate buffered saline, TPBS) T& 7 = V2 &, JFiGR
BRIEZH <D 1 B4 m#E 727 3~ (bovine serum
albumin, BSA) £ v = A2 1002 1 F2O5E L T4 CT—HRER
X@te. TPBS T, FHBEDL 17 I=v (10uy/
m), e PNE a5 -4V (10xg/ml), et 747 vrx 25y
(2 pg/ml) D2 fEMD 2 EFTORFTRIIBIERLT, &
100ul #%& 2« DHEXANIETAHEPREIRLT V-1 ko
£ 2 VT L. BRCRARETH LR LBORTRL
HEHSv—1rDOEY 2 AKEALK. 37TC, 2KMREE
fo# TPBS TH#H L, BHAORR R L OCRMDO R % KIE
gy e MEE ARG T AR VT I =vEY J rr— ik
(E-Y Laboretories, CA, USA), Hie FNB =S -4+ vRy s
+— A4tk (ADVANCE, i), fie b 74 7 mr 2+ %)
7 r 4 — §iE (DAKO, Glosrup, Denmark) % 100 ¢ 1 3243
L, 37CT 1 BEKEGEER. T TPBS TH Y = vy ¥k
LB TAD Y RAT > & — HEBRR Y ¥ 1gG HiF (X
500) £ TOY = 1001 F245F LT37TT, 307FRIEE
. TPBS CHEBHBI0%B =2/ -7 I vVimIZT7AHhY
HRAT 7 & —2FEEH (SIGMA 104) 1§k dn LIcERE
W 100p] F2oL£TOY = AMIZHELISTRER O 5K KE:S
(Biorad, CA, USA) # A\ T & 405nm OBIEEZRE L.
TR ECHRAREOBREMEREL Y, TOERRERNE
EoBHAW., AuilciiofZmRERIAT s=vE) 7
o — AHEHNR300065, HNRE a5 —» ey 70—k
10006%, Bi7 4 T rrx oy FvE 7 2 aF—HER30004,
o i =vBY 7 eF—Liikas00, ivVHEas ¥R
U ra g —APEs500fE, BT TRk FVRY T 0 F—
NYEMI000ETH A .

TR EFhOREBER Y OREZREEFOEN < v AHEXD
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B ERBRTHHWTULEDT v 4 REHWT, 7477
FIFUT v A R b, = v AMmE, FCS ¥ IbE, 7
InVvTF oA % TlRe P53 = v kv v A Engelbreth
Holm-Swarm (EHS) [EEHES s = v i, Va5 -7V
7oA BT PNMas5—» v <y EHS BEHKN
Bas— Uikl L. DEDe b7 Frx sVl
FFESEEL LD, e PNE 25 -7 i3 FEEEEEP L),
~w A EHS BEHRKS : = v EVEz 5 — 57 VidMmHRng
X bogEsEShic,

Vi. SDS-FS5F BT A L— FFILERKENE

Hibbs 5@ OFEIHE, 0.2% ¥ 5 F v & FF v LS
(sodium dodecyl sulfate, SDS) #&tsRY 7 27 Y AT I FHA
(8% 7 27 VAT 3 F) wfEl Ui, 35388 bW R IFRTTRES
CTBKKB) Lic. ¥ A% 2.5% Triton X-100 (Sigma) #CH
¥4 0.15M H{E> bV ¥ & (NaCl) & 10mM (k> PV v &
(CaCly) %% 7 50mM b U RIEERREEW (pHT.5) TITCT—
BT X oI 7 — < o — 3 (coomasie brilliant blue R250)
TREL, E5F VOGRS E — BTN
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DAYS IN CULTURE
Fig. 2. Growth curves of carcinoma cell lines (KB, OSC-19 and OSC-20) on the plastic dishes. D. T.; doubling time.

Fig. 3. Photomicrograph of carcinoma cells grown in the subcutaneous tissue of nude mice. KB cells (a) show expansive growth
without stromal reaction by fibroblasts. OSC-19 (b) and OSC-20 (c) cells show invasive growth with fibroblastic reaction and
inflammatory cell infiltration. a, b, ¢x120.

Fig. 4. Electron micrographs of carcinoma cell lines grown in the subcutaneous tissue of nude mice. KB cells (a) are provided
by poorly developed cytoplasmic filaments and specialized attachment apparatus. OSC-19 cells (b) have abundant tonofilaments
and desmosomes showing the character of well differentiated squamous cell carcinoma. OSC-20 cells (c) are moderately
differentivted squamous cell carcinoma characterized by tonofilament bundles in a perinuclear area and desmosomes. a, b,
¢ % 1,200.
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SDS-8% RV T Z VAT I FEAVETERBE, = b= wn
o ABERZEE L. = reie— ABICHT B RERAI
TESY - EFFv - AFFovE-—F.-avITVy s A
(avidin-bictin-peroxidase complex, ABC) &5 T1T » 7z. —& it
& LT2000f5 = &R Uiz MMP-1 #ifk, i MMP-2 #ifE, i
MMP-9 #ifbx v, ZHRFABICIZ200B K FRLIcEAF
by =# < 2 1gG ik (Vector Laboratories) % {8304
Rith&ei:. TPBS THEg#g7ev Yy - ¥rF v aviL,
2 A (Vector Laboratories) %304 MG EH%E % DAB RIG%
Totz.
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1. BEEFILICAVLERIEEOHER

EEC A SEEOBME OMBHMARIIR 2IRT IO
FhENOKMEERT KB #ia26. 7R, OSC-19 #ikg, 57.8
B, OSC-20 HRAQAORSRITH - .

X — Fv v ARBELBEEROMETIL, KB fiirsn
GrBREIh, BIMEAETL, MRENZ LVWEARMBRED

Fig.5. Photographs of macroscopic shape of collagen gels
after 8 days in culture, showing an intact collagen gel in a
control group of KB cells (A), minimal contraction of
collagen gels in a cotrol group of OSC-19 cells (C) and an
experimental group of KB cells (B), moderate contraction
in an experimental group of OSC-19 cells (D), severe
contraction in control and experimental groups of OSC-20
cells (E, F). Measure scale indicates millimeter.
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R Eh T\ o, BB 5NN TILb 2 0B,
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#990% TH - fz. OSC-19 FBaTIX 3T3 HIFI R LR ¥ 7o\
ATLIEERL, 80K DR R Lz, 3T3 Mifax #Had
DI TECEVIRMY RL, BIIH60% LT,
0OSC-20 #ifaTix 3T3 Ml FEZBER S X MITBRL, 4
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MARBRIRT AAADHE S RABITBEI AL
7o, Ffz, OSC-20 X 10ME) I\ CItEB 8 HEKIZ = 5 —
Py AR L, BB S i X PEANE LAY
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i. KB #ifa (KB+3T3)
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BresB{tLic. MPEIEREDS L\ EME oMzt
JABEF DREM T RD bhich » . MK &1L, LTl
¥E OMn s R R, S, ¥z —EERRIcEo T
BONRBDHAI. EERND 3T3 MNTEMAF cHEs it




PR P R DR IBAEI B 3 5 RRRMBTSE

AL, R MILCwieh o7, K& 4B, 8H, 14H
BT, B E 25— v S A DOBRMEI RSk T
| ~BEOHBERNEBICEDRAATHWHRBE -1z
(R6A). 3T3 ffn &L iEMEla s & L, Milas EE P iilaze
ErHELTWABIEIEDLDTHTH» 7.

271

ii . OSC-19 fif (OSC-19 +3T3)

0SC-19 MifizkE% 8 H A TR AHOLHMET 2~ 3BD
HCBE Iehs»7c. PANBRTIZE~10BLIREL, &5
I 5 RIS » T (RI6B). 0 X 5 e EEH
TRMRERBCH > TRELL, ERRTLEE LTost

Fig.6. Photomicrographs of KB cells (A), OSC-19 cells (B-F) and OSC-20 cells (G, H) on 3T3 cell-embedded collagen gels. KB
~ cells (A) show no definite invasion into the substrate with round 3T3 cells. Lower (B) and higher (C) magnifications of OSC-19
cells show irregular or wedge-shaped invasion particularly in the peripheral zone of collagen gels. Invasion patterns of OSC-18
cells (D-F) are characterized by cellular extension of OSC-19 cells into the collagen gels and associated spindle-shaped 3T3
cells. Marked degradation of collagen gels of OSC-20 cells (G. H) are shown. A X240, Bx240, Cx44, DX 120, EX240, F x240,

G %240, Hx 240.
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(K 6B-F). ¥:#14H H T3 E i L <M rEgT,
FERBZER D AV IRRCEER R HIEL, £EAD
SBOBEL D 3T3 Hif & #fh LT\ (R6CF). Zhicxt
Ly eik 3T3 MR cEmE: b, #ik
BEHEN T,

iii. OSC-20 #Aky (OSC-20+3T3)

Fig. 7. Electron micrographs of invading OSC-19 cells.
underlying 3T3 cells or they express bundles of actin filaments (short arrows) beneath the cytoplasmic membrane and focal
basement membrane-like densities (long arrow). A X2,400, B X 1,800.

0SC-20 MM TIL 2X 10° AR OBHE A A HE BV Tl
OSC-19 fifa 8 H B & MR DEIEIAEE 3T3 MilsD RS, &
bz, 8 AHTIRSF MIFRERR, WKL TAENERS
7152 EMNTEILH 70T OSC-20 MM D% 5x 1R,
LCHE#E L. ZOBARERIEO 8 0 B THD TREDOER
ROrFrVHRADBA%Y S (R6G) 2%, 140 B TR, aR

W

BL Dy Vidsea B Uiz (K6H). & 5w 0SC-20 Mo

nvading OSC-19 cells (A, B) extend their processes toward the

Fig.8. Electron micrographs of OSC-19 cells 21 days in culture. Apparent continuous basement membrane (arrows) is formed in

0SC-19 cells adjacent to invasion front. X2,500.
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SHI2IHE E TORBRTHRSE, SBRECHEAKHS OHRE
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M. BEERRSO®R

1. EEBERG OWE

Fi=v, V=5 -7 vOEEBRRSOWEY REHAY
B gEE L. KB MIlATIET 3 = VOB T BE, LR
FREBRUE EETRERDORh o7, VBa 5 -5 vidises
SHETY  FEBEM T AR TEO ML AT L DERM
(FEEBRFER) CHFEEY b - BROUERR bR, ok,
Va5 -7 i34 %5 RmA AEETRETCES, 2&2H0
VEETOZBHCREI ., LA LYBRETIZAZ A2y
BEEEACBSWTHVNHas - viZBRETH -1, EERAAN
AL 3T kit s s =v, V=5 — ¥ vkl
Hote. OSC-19 M TIES s =v N T — 7 VIidEE® S
H Bl s v O 5 T & R M ia o 5 R SUSC Uk 7o
TEHFOMLBEYRDIH, RLF TR IhbOWE TR LA
Dotz (K9A,B). & WfEMlEs, XEA~RAL, Zhicst
A X 5 iR O 3T MsNEE L TVW A M —H L
THEBETH -7, HBETIAROBIC IS THBHEATR

A

Fig.9. Immunostaining for laminin (A) and type N collgen (B) in OSC-19 cells 8 days in culture.

Note discontinuity of

basement membrane components, laminin and M collagen, at the site of invasion. A, Bx120.

Table 1. Summary immunostaining for basement membrane components
KB 0SsC-19 0SsC-20
CONT +3T3 CONT +3T3 CONT +3T3

4 8 14 4 8 U4 4 8 14 4 8 14 4 8 U4 4 8 14
LAMININ e - - = - - - - + + - - = - - -
IV COLLAGEN - - - - + + - - - - + + - - - - - -
BM - - - - - - - - = - - + - - = - - =
Abbreviations : KB, KB cells; OSC-19, OSC-19 cells; OSC-20, OSC-20 cells; CONT, control group; +3T3, 3T3

cell-supplemented experimental group; BM, basement membrane by electron microscopy.

indicate days in culture. Symbols: —, negative; -, positive.

Numericals 4, 8 and 14
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RS HRIsh o7%. 0SC-20 MR T RRE, EREEL LI
7iz=v, NEas—-rvoilkBErEWcE®ithr-k. LIk
BEREDH RO EEMCHREI W EER RO &Y
HIKCELDTRLE.

2. BETEFOXEERSE

SEDT v A R BT ARHE LR TGEHE L&
A, RYABERDT 4 T rRIFVENES U RBIVY

30+ A -1 B

10+ -

il
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—
-
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301 E -1
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4 8 14
DAYS IN CULTURE

Fig. 10. Content of laminin (blank), type NV collgen (shaded)

and fibronectin (dotted) in KB cells (A), KB+3T3 cells

(B), OSC-19 cells (C), OSC-194-3T3 cells (D), OSC-20 cells

(E) and OSC-20+4-3T3 cells (F) in conditioned culture
media. Mean and standard deviation in triplicate.

KB 0scCc-19
rCONTH r+3734

rCONT- (+ 373
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YHRDT 4 TRR 7 FVRESBETERP o, v Ry
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F VT Ing TH . FEMIEIEE LETICES - HWs
EEBR S OFRETIX, RINCRT &S CEEBRS Z Lk
LRSS bhie, EERRS OERERY =T B4
I E LU R ES BSTH Schefle DL BEHBEC I hig
ELIRER, UTOHEBTHERX (p<0.05) MH@EDLh. 5
$=vEd KB M TRb %4 <, 0SC-20 MM TEH b Dich.,
2. 747 ex s EiX 0SC19 MilRTR b4 <, KB fily
TR DI ofc. ¥le, 23=v, VEas— ¥ iithz
4 KB #lifg, OSC-19 #ifia, OSC-20 Mifa THIBEE X b BB
%79‘07‘\:.

V. EESRERORS

1. B LEPORBH MEEE

CEFFVFTAN V=P FAVOYA 557 3 —CIEELE
CEETNHBEREANCHD &, BHROEES, 3T3 Mo
FRC L > TR AV FRR bR (K11). 3T3 fMilar 43
IsaHBEED KB, OSC-19, 0SC-20 #iffazs 50Nz 3T3 gl
ISR LEO T T2kDa DRIBIZY S F v S5 MERRE
bhiz. ZD T2kDa ¥ 5 F v HRERITS T ORBRE THH
Liz. ¥4 €275 4T 95kDa DIBICES F v S BIER YR
T3v F8 0SC-19 & 0SC-20 #iD BB CHY - 7. A—
AV FIZ 3T3 M mEE FRCHERC A bR 5 DT L,
BRI R TIZRD SR o, 92kDa DAY Fig
KB, OSC-19, OSC-20 DRfBER L URBRBEDOT X TIEWT
B A Edbhiz., Zo 92kDa D3y M 3T3 ks
EBZEOBHETIZEZD bhleh 7. Fiz, 0SC-20 Mtz
KB#ifg®> OSC-19 filaTizR b hie\vs MMP-1 (=25 %+ -
+) AN+ B 50~55kDa DERD A FRRLRE.

REZhLOBEERLTEET S HMH T, MMP1 &
MMP-9 D#FIEE 2 bh B €55 v HHiENE L MMP-1 0fF
WLELDND 27— VRESNYER L. LORRIR
I2LRTEY THDH. ZTREFBEHVE L O ZTEBS#S
Bith D Scheffe DLBEUBERC LI D EBERELR T - TAHD
L, €5 F v RIENIRRBE T KB, 0SC-19, 0SC-20 OJf

&S O
0sc-20 %@* & =
~CONTm 43T & &
k4§ 14 g e A

Fig.11. Zymograms using gelatin substrate-acrylamide gel (8%) electrophoresis of conditioned culture media of KB, OSC-19 and
0OSC-20 cells with or without 3T3 cells in collagen gels. As a control conditioned media of 3T3 cells embedded in collgen gel
without carcinoma cells are used. Numerals above (4, 8 and 14) indicate days in culture. A sample of lane sk is 92kDa
gelatinase as acontrol and a lane %%k is 72kDa gelatinase. Bands of 72kDa are recognized in all samples, and those of 72kDa
are much intenser in 3T3-supplemented groups (3T3) than in control groups (CONT) in KB, OSC-19 and OSC-20 cells. In
experimental groups (+3T3) of OSC-19 and OSC-20 cells, gelatinolytic activity is shown at 95kDa, which is not recognizable in
control groups (CONT) but in only 3T3 cells as a control (3T3-CONT). Faint bands of 92kDa are shown in all cells.




PR B R O RIEE BT 5 REANTTE 275

L
°
1
>
!
o
]
O
i
)
]
m
i
m

»
(-]
1
1
1
i
i
!

1.0- . : . . -

GELATINOLYTIC ACTIVITY (U/DISH)

G H | J K L

Z so- - § § 4+ = - l
o

Y

2

E

S

: 40« -4 - -y -] -]

V)

<

y

S

]

Z 20+ - g - E .

w

Q

<

-d

b

o]

v

4 8 14 4 8 14 4 8 14 4 8 14 4 8 14 4 8 14

DAYS IN CULTURE
Fig. 12. Gelatinolytic activity and collagenolytic activity in conditioned culture media. A and G, KB cells; B and H, KB+3T3
cells; C and [, OSC-19 cells; D and J; OSC-19+43T3 cells; E and K, OSC-20 cells; F and L, OSC-20+3T3 cells.

CONT +373 CONT +3T3 CONT +3T3

4 814 4 814 4 8144814 48144814

94,
17 94.
68" ~ 72 77.
50- 68-
-54
43. 50- ©52

Fig. 13. Western blotting of conditioned media using anti-MMP-2 antibody for KB and OSC-19 cells, and anti-MMP-9 for KB and
OSC-19 cells, and anti-MMP-1 antibody for OSC-20 cells. MMP-2 (72kDa) and MMP-9 (92kDa) are positive in KB and OSC-19
cells. MMP-1 (54-52kDa) is positive in OSC-20 cells.
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BICEEICED -1z (p<0.05). KB & OSC-19 #iffa T 11 o R A
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SREML KB & OSC-19 i Tz R 5H$, 0SC-20 #ifa
DEFEHTLERBETLEDTREVWEEALLRL. &2
I, ¥7F mRiEt LR, THRBRHE ERNBROMICEBEN
el otz

ERBHEBLIUCEREOERE LB S WA KBS BREY
RETHHIE T2kDa ¥ 5 F+ —+% (MMP-2), 254 +—+
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ZurF—LfiiErRECTS a7 ey L RTo. RIKRT
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WEDREIRDhieh >t FhuBE & ERIEL Ol
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MRS Bhioh - .

0SC-19 Mg Tt MMP-9 DEEM:ANIID R7EH 1D Ty
ThH-7c. MMP-8 [BHMIBR AR TED > 7edd, ¥ AEicy
THEMRCEETH D, L RERBETSALA~NEALTL
HHifass L Ot DR EMIICEETH - - OIEH Shi (g
14C, D). MMP-2 BEHEMEI MMP-9 MMM X7 D%
HHEEDRIEBAILR S s o7 (K14 B). MMP-, 3
DL IBURRIRER IRtk o .

OSC-20 MfA TR MBI R LI UKRBE T MMP-1 % Ly
MMP-3 B2 & B bhic. B S vicEss
HHIRCIFREL, BCr vOBBERICELAAEEBbhoE
MR O EXER CEETH -7 (RI4E F). MMP-2, 9 OB#

E

Fig. 14. Immunostaining for MMP-1, MMP-2 and MMP-9. MMP-2 is randomly positive in KB cells (A), and in OSC-19 cells (B)-
MMP-9 is positively stained in OSC-19 cells overlying the substrate (C, D). Distribution pattern of the positive cells for MMP-2
and MMP-9 is different. MMP-1 is positive in invading OSC-20 cells (E, F). AXx240, Bx 120, Cx240, Dx 480, Ex240,

F x 240.
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Abstract

A new invasion model was devised in order to elucidate an invasion mechanism of oral squamous cell carcinoma. Three
kinds of oral squamous cell carcinoma cell lines (KB, poorly differentiated type; OSC-19, well differentiated type; OSC-20,
moderately differentiated type), whose characters were examined in transplants in nude mice, were cultured on collagen gel
in which Swiss 3T3 cells derived from a mouse fetal fibroblast were embedded, and morphological and biochemical changes
of invading carcinoma cells were investigated. OSC-19 and OSC-20 cells readily invaded 3T3 cell-embedded collagen gels,
, as compared with control groups without 3T3 cells or KB. Invasive OSC-19 and OSC-20 cells were characterized by lower
proliferating activity, lower production of laminin than KB cells, much higher secretion of fibronectin deposition of basement
membrane components (laminin and type IV collagen), and basement membrane formation by electron micrography. At an
invasion front, however, immunohistochemical type IV collagen and laminin, and the basement membrane disappeared. As
to matrix metalloproteinase (MMP), zymography using gelatin substrate gel showed several bands of 72kDa, 92kDa, 95kDa
and 50-55kDa. By western blotting, 72kDa gelatinase (MMP-2), 92kDa gelatinase (MMP-9), collagenase (MMP-1) were
detected. These enzymes were enhanced by a supplement of 3T3 cells or cancer cells. Gelatinolytic activity and col-
lagenolytic activity were assayed, and the former was detected in OSC-19 and OSC-20 cells and the latter was found in OSC-
20 cells. By immunohistochemical analysis, MMP-2-positive cells were scattered in all cell lines with no preferential local-
ization, and it was noted that the positivity for MMP-9 was localized in invading OSC-19 cells and their adjacent cells.
MMP-1 was positive in invading OSC-20 cells. These results strongly suggest that the invasive activity of squamous cell
carcinomas is well-correlated with cell-matrix adhesion by fibronectin and with degradation of the matrix by metal-
lopoteinase, especially MMP-9 and MMP-1.



