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SRRETLEERLMEE H105% 25 272-286 (1996)

BAl<= Y vy 7RAA2A 20T aT 7 —%-1 (MT-MMP-1)
cDNA EAR L 5EMiEOERE, BEORE

BRREDAFRET 7 A L AH (L EATHREE)

w7

2 5

<)y 722 2R 7 r5 T —+-1 (membrane type-matrix metalloproteinase-1, MT-MMP-1) i 72kDa-N # = 5
#'3 — 4 (matrix metalloproteinase-2, MMP-2) DIE¥ALE T TH H, MIEOREEN (in vitro) TOREBEIE & RET 5 =
Efbh, B, BEYERTARTE LTEEIR T3, AHRTIZAESA (n vivo) 23135 MT-MMP-1 03583 &
U oM EMRORE, ERCRETEHEY~ Y A AW EBER TS L CHEN L. 8 MMP-2, MT-MMP-1
DERFITFTD b D HT1080 FHEABMEKE 7 —F v 7 m y P ETHEERICHEEIBRE S h sy Madisonl09 fhiin
BV, MT-MMP-1 BETE 2V ARWRT v 2 v ARRBET 5RO M~OEERY BT 5 HNT, FAFhD
RRTZAIFERYIVATZ 27 v s VETEAL, ~BRCEETFERBE LT st~ v A BEIR» SBIE L. Bl
#5 B BOKE DNA #BER L TEEAT S R ¢ FItlELBETESY PCR I THIEL, v v 7 m v b BEIC THIE
DNA &L CHE L. £O/RER, MT-MMP-1 EAMITHRE LTHV A2 2 —F5 2§ FEAMK L L Cts
ERFRCE CZLRERShic. ¥, Madisonl08 BT 7 v ¥+ v A-MT-MMP-1 EAME & HRECZIZED b A

7ehr o fedt, HT1080 MERRCIX, 7 v F+ v A-MT-MMP-1 HAMKRDOEZRDETHED itk

. ¥HIT MT-MMP-1 D

RSB 720IC Madisonl09 Mifgiz EREBRT2EA L, EROEBIC I AEBEINOHABIVE TR EELEEAR
DHMET -z, TORKR, BB EHI0E BOMEBGERIE MT-MMP-1 EAMBENNEBR, 7 vF 2 v 2-MT-
MMP-1 ZEAMBERCLLO 2L ERCHENL, XTEEAE D MT-MMP-1 BAMBIABEERICE - T TS 55,

R LR HENBRD b,

DEDRRE I, BETEAL L Y —@MITHE X MT-MMP-1 2Ek{L

MMP-2 28 UCHMROEZBRMERE, BEEXTEI DL, i, BHROBEL & » CRTONHNERNER O

MHCRADEBDZ EHRERL.

Key words cancer metastasis,

membrane-type matrix metalloproteinase-1

(MT-MMP-1),

antisense, transient transfection, PCR

BOBHEYHRETHIRFO—DWIERNH D, BEBITIEER
L, BoBBEYERBC LTV ARKORFTHY, ZOEFD
B, TR EBERCRT AEERETHA L 2 5. B
RAEGRTRATRBBEY R CRIT2EMELREETH A 1D,
ZTOWRIEHEE SR C&. L LEED S FEYEOES
LIRS T, BBENICHEST2EERFIAREIhO0H
5. M)y P AR ErFrFTT —+ (matrix metalloprotei-
nases, MMPs) 7 7 $ U — LI RITh 2BEEFEP 42D 1 2TH
A,

FEH L RSN & BT A RO MR EEE L 7o b D12
Hs~ btV v 7 & (extracellular matrix, ECM), &z +0—
RTHHEERTHS. HEERINE =5 -7 v Bt s
L, 3=y, ~SVERBRL LI eT+27) 5 vy
BWESTFELTES, ECM O THHRELEEL MR LT\

PELTHEI2RI5HEA, FH 84 2H 9 BRE

%, Yo, EMEARE, EBTsnciNEa s -5
VORBEREETHHLEELLRT LAY,

VB =547 —-€0—2TH% T2kDa-V a5y +—+
(MMP-2) % &4 T D MMPsiL BERIEY: & 7o o\ e IR
RELTHLI v HWERS. BElH~<1r Yy 225 rF T
7 — -1 (membrane type-MMP-1, MT-MMP-1)*® {1 MMP-2
PRHRMCERE CEEET 2RO OBE MMP & LTRE
Ehtc. ZOERIIMOLSWE MMPs 111 FE7E Lic Wl R
ERB N AL vEAIALRF ARSI S, BET CREE
EhTwB IFEED MT-MMPs (MT-MMP-1, MT-MMP-2",
MT-MMP-3") DT MMP-2 OEM(LENRIEVEELD
RTW5b. EMbEfi MMP-2 BEEROVE =7 -4 V0
ZIELTHBEDO I Mas— ¥ vods5F i iyETs. ¥,
WA MMP-9 3iEML MMP-2 12 & - CEM{LEh B LD

Abbreviations: AS-MT-MMP-1, antisense membrane type matrix metalloproteinase-1; BES, N, N-bis
(2-hydroxyethyl)-2-amino-ethanesulfonic acid ; BBS, BES buffered saline; bp, base pair; BPB, bromophenol
blue; BSA, bovine serum albumin; DEAE, diethylaminoethyl cellulose; DEPC, diethyl pyrocarbonate;
DMEM, Dulbecco modified Eagle’s medium; ECM, extracellular matrix ; FCS, fetal calf serum ; MMPs,

{
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#5550, MMP-2 OERLTMEEMCERBE NESTL,
EORE, BB TATENEATREIRS. Z0—HORIENE
2B B DOHEEN MMP-2 2iE¥(L35 MT-MMP-1 T4 5 &
#xbh3d. MT-MMP-1 13, B, B0 n
T, BHRTOBHERELREEhTEY, i, FORBE
LA MMP-2 DML E DBBENBE I AT BP0, 1,
<, BEKIZS MT-MMP-1 R#EER, BIECEERERETH
BEEL LR, TOMEER, BELIMET 2@ b e
HEFED.

AW TIIEME DO MT-MMP-1, 7 vF+ v 2 MT-MM-
P-1 BETFORENEMEA (in vivo) TEE, BEBICE 2 H 08
vV ARRER =S AVTRE L.

MEREB S UHE

1. #mBRsEE

1. fERMiE L ToEREE

R LISt v b igHEp B ok HT1080 #ifg, ~ v =
FiiEAEl Madison109 #ifE (SR KXFEMKEHER, BFEL LD
#E) THBH. UEOMBEIZLCI0% & BFME (etal calf
serum, FCS, Hyclone, Utah, USA), 0.2mg/ml 2+ <4 o+ v (fi
¥, K DTFHCEEO&EWBHIYUtolEr A 24
LEANy aBEA — 7 (Dulbecco modified Eagle's
medium, DMEM) (HK, ¥®) T 37C, 5% CO. 7 & F T8
#ZL7.

I. /—%¥>708yTF425%

1. EEMRE RNA OHH

ER 15cm OMAEERA S + v~ o (FALCON, New Jersey,
USA) & CHEFR AN IZIE—TNCHETE L7 5T, BB LBYRE
L, 10ml D% UM 77 =L vFFo 72—+, 25mM 7 =
VBF PV YA, QLIM2-ANST b2 g ) =, 05% N-5
rf YL UEEF Y Y A) ENLTHOCRE L.
BE Lickbkhz, 1/10 RED 2M EfEsF + V v 4, pHA.0, | &
BOKBMT =/ =, 1/5 BEDIZrrALb—{Y T IV
Toa—49: 1 RIERML, FNZ L CEMLA. 155K
Licth, 7=/ —AHEFTVKE (LB CEED S v T
J—NEMEZ, YEFLT —20C T1REKE LK. 4T,
10,000 [@#5/4 (rpm), 20 43% 0 LT BRI TR, RNA ©
W% 0.5ml DD TTHEBRLTEBD S YV TR — L%
MACTHBOLSICRNAYIWE L. RNA O@BL o=
FAE¥a HNKRE— b (diethyl pyrocarbonate, DEPC) 41T 7% &4
KETHEML, 7=/ —HH, =2 —A BT,
RNA o % DEPC AERFKTHMEL, SXXEH (25
A UVI60, B, =EH) % B\, 260nm DBEEE (OD) iz
L, 10D % 40pg/m! & LT%£ RNA BELHIELL.

2. mRNA OHH

0ul D4 RNA it LT 10 OE4T 5M NaCl #in%,
Ihk 6mg O+ ) F-dT wrm—R (7Fa v, TR LBEA
LERT | BEOniER LT mRNA 22l o — R ICRkE
RN, JSEL LTEL By 0.1% SDS &L, 37
CTH5 MR EE, ®BEL TS mRNA 2BH Ik, &

BRIGELLTEAm —2A%BRE, mRNA &8 LEXEIRL
1.

3. /= viauTF 4 vIEs

1 #iAic > & & RNA 20ug 12482435 mRNA # L, 50%
RNVAT IV (FASATRAZ, FT#), 175% ORAL LT AT
b NEEI 2% E/NARD /) —F vty ANk B (morpholino-
propanesulfonic acid, MOPS), pH7.0 W% L, 55C T4 IR
BB, 1.0% 7 H e — 25T 2%MOPS R TEBE %
BefTole. REMBTHROF AL EANLI RV FNA VT TV
(Amersham, Buckinghamshire, UK) ICEEE L. IEHED 2 v
F75vEUVALISZ2=Yvh— 1800 (75 av) ¥ AVTE
& 254nm DEHFR12007 1 7 v Y 2 — Ak BE L, RNA %2
v S UREZELE.

4. Ta—~7 DR

T ABLOE PO MMP-2 & X 0" MT-MMP-1 © cDNA
EEDLTIAIFVIN =T L. =9 A2 MMP-2 7
B — FIIHIREESR (RIRBER I CEWE L EB L) BamHI
THHHE N 50.6% nEE% (kilobase pairs, kbp) @ cDNA
WA, & F MMP-2 i3 EcoRI, BamHI THl v H ¥ h 5%
1.6kbp @ cDNA Wik, =7 2 MT-MMP-1 {Z EcoRI CH) b H
AN 1.2kbp @ cDNA BrH, & b MT-MMP-1 it EcoR]
BamHI TH)h B &5 1.5kbp @ cDNA BT %#EH LY. =
5D DNA ¥ h¥h 50ng F2ovLF7S54 4 - 5XY v
ZeoFo b (T¥¥ b Pry, TR #HVT [a”P]
dCTP(7 = % & » Uy V) TEH# L, 2.0—5.0cpm/ug DI
EWEEO>S r— T EE.

5. "M T VELE—- g v

BABEEERDA VTSV ESFT Ly F - AL TV E 18—
v g v « 23y 7 » — (rapid hybridization buffer, R-hb) (7 =
Vb oy V) ERIESTAF 2Ry ST AR, 65TT
2EFEMIB L, A1 TV A €=V g VT, RIZT
DTV A TVELE—Y g VEBERET, "4 7YV 51 £~
¥ 2 V¥ (R-hb 20mD) 195C, 54 MEHKLTEHH LA
20mg/ml ¥+ BT DNA(R— ) vF—=vnd AlllZH,
BH) 100u] 3 X OE#HRE Y = — 7 22 63C T 3IREEIGR
B, RIGED A v 75 /3 258 E SSC L TER105 M 4
EgeHE L, 0. 1658 SSC-0.1%SDS % ai:%KIZT54C T20
HEOBEE A 3EIMEFT L. B, SRT 6—-18 KMo+ —
FIUASST 4 R L. BHEEIRD mRNA Ok &R
DML T H m — ABKEKB OB, Hindl THE L [a¥P]
dCTP W THE# L7=7 » — 2 DNA § 100ng % EE# - L CRK:
kB L E DAL EMNSEHE L.

0. EHEMPBICESTF B MT-MMP-1, 7o F+ > X MT-

MMP-1 (antisense-MT-MMP-1, AS-MT-MMP-1) ©
IR

1. MT-MMP-1, AS-MT-MM P-1 BB ~X27 % — DR

FHA~ 7 & —12 pSG-5 (HFERE), ¥ L0 pLXEN® (EHA
VR —RRV A AR, REAELL D5 2ER L.
pLXEN X ant+ YA VADS VE—F ALY RV —2=Vv}
V=44 (IRES) #FIFH LT, =KD mRNAMLB 2D x v

matrix metalloproteinases ; MOPS, 3-N-Morpholinopropanesulfonic acid ; MT-MMP-1, membrane type matrix
metalloproteinase-1; NK, natural killer; PBS, phosphate-buffered saline; R-hb, rapid hybridization buffer;

SPF, specific pathogen free; TE, Tris EDTA ; U, unit
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NRIBHEEFRDLNf VA =2y 2o br v A VAR R —
THD. ZhHDRBE <27 2#—12 EcoRl THHHER D
3.4kbp Dt F-MT-MMP-1cDNA % EcoRl 44 FZT 5 5
nh YHFRACEARARAR, MT-MMP-1 R 75 & 3 ¥
(pSG-MT-MMP-1, pLXEN-MT-MMP-1) % fE# L 7= .
AS-MT-MMP-1 % 7 5 % 3 F (pSG-AS-MT-MMP-1,
pLXEN-AS-MT-MMP-1) % R#&ic MT-MMP-1 % 3 JFE» b
5 HECEAARIEE L (1),

2. 75 A3 FOXKERS

I-1. TBLAKLTFSAI P CHEERIh - KBE
HB101 #% 2XYT £ [F YV 7+ 16g, 1 —A b=FA}
S 7} 10g, b+ + Y ¥ & (NaCl) 5g, 7 v &<V v 50mg/
1, pH7.6] 250ml ¥z T37C, L2RsfHliEae Lo, R TH, &L
CHEBEL, W% [50mM Tris-HCl, 10mM EDTA, 100xg/
ml RNase (Boehringer, Mannheim, Germany), pH8.0] 10ml T
BB L. BERCT L h VB [200mM KE{EF + Y v A
(NaOH), 1% SDS] 10m! #inx TERT 5 oHKE L CilkE
PEMLI. TOBAKIT 3M BEH Y v 4, pHES, %
10ml pnk, 1045k& L O R L, BEO L TitBEkEL
P28, ¥ 10mg/ml RNase % 150ul A%, 37°C, 30 4/
RNA ##{t L%, QIAGEN-tip 20 (QIAGEN, Chatsworth,
USA) #Z ACERB L. 75AIFBERELALY S 4% IM
NaCl, 50mM MOPS, 15% =% / —s, pH7.0 12T 2 B &
#, 1.25M NaCl, 50mM Tris-HCl, 15% =% / — s, pH8.5 i©
TF5A: FeBHLE, 7923 FERERCEEDS Y 7' m

A pLXEN . mn

LTR

b — Sense MT-MMP-1 (3 4kbp) _jmemimy

EdoRl EcoRt
; B znd, o
c - Antisense MT-MMP-1
Lﬁﬂbp s
100bp
s [T
B pSG-5 EcoR

l

b Sense MT-MMP-1 (3.4kbp)
oRi 3 EcoRt

— 185bp

Antisense MT-MMP-1 ]
3

c t

BSbp—

Fig.1. Construction of vectors expressing MT-MMP-1 and
antisense MT-MMP-1 and location of the oligonucleotide
primers and probe for PCR amplification in the expression
vectors. (A) pLXEN vector. (B) pSG-5 vector. MT-MM-
P-1 ¢cDNA (b) or antisense MT-MMP-1 (c¢) were inserted
into those vectors. Control plasmids (a) expressed
nothing. Primers for PCR amplification were specific for
each plasmids. Numbering with the arrow show the
location of the oligonucleotide primers for PCR, the
numbers between arrows are sizes of products by PCR.
LTR, long terminal repeat; IRES, internal ribosome site;
EMCV, encephalomyocarditis virus; neo, neompycine
resistance encoding gene (which confers resistance to
G418); SV40, simian virus 40 early region promoter; ¢*,
extended retroviral packaging signal.

R = nEMZTCRERML, 15000rpm, 30 FELLTS S
AL FVREEIR., 52 FORE% Tris EDTA (TE)
(10mM Tri-HClL, ImM EDTA, pH8.0) € lmg/m] OEE &
L.

3. EEfMR~O®ETFEA

EEMia (Madison-109 #ify, HTI1080 #ifg) % 35mm -5
AF 92 F 4 ¥ (FALCON) 128 1.0X10°M8/ml D EET
5%FCS jn DMEM 2ml &€ 37°C, 24 B5EESE, Chen 0
Y vEEA Yy AEEET I CRETFEARITo K. AL, b
F MMP-2 75 A 3 § (pSG-5-MMP-2) DNA 0.2ug & 12
MT-MMP-1, AS-MT-MMP-1 #3735 & ¢ F DNA B L ORE
~ 7 #— DNA Bt 2.0pg (B3 2.2ug) % 0.25M LA Lo v 4
(CaCly) 60ul WBFIL, TOREHIC 2 FBE N, N-¥' 22
FeFov=gn)2-7 3/ -—x & AN+ B [N, Nbis
(2-hydroxyethyl)-2-amino-ethanesulfonic acid, BES] # & %
(BES-buffered saline, BBS) (280mM NaCl, 50mM BES,
28mM UV vEEKFE - PV v 4, pHTY,) 6254 %0k,
3TCTI0HMH, ke RETIOSHBE Lok, ERSHEMR
Mz COBEE 3 BDEETT 3TC, 24 REEER L. B8
#%, »~v 27 A% (Hanks blanced salt solution) T 2 Bl
L, 5% FCS pn DMEM 2ml T37C, 24RRRBEHE L.

4. ¥SFvHFL 2757 4 =9

EFEMRY 35mm F5AF o 75 4 ¥ a2 (FALCON) 128y
1.0%10° f8/ml DEE T 5%FCS ph DMEM 2ml &= T 37¢C,
24 BRI ER, TOWBEREYRERL, v 7 AR T 2 E%E
L, &m#E DMEM, % L <2 10% FCS pn DMEM % 1ml fn
%, AR BRBROERE LEYRE L L. R EE®R
[50mM Tris-HCl, pH6.5, 10% 2"V 2w —s, 2% SDS, 0.1%
7w %7 x / —L 7~ (bromophenoal blue, BPB)] & Z&EM
L, 37CC300MB L7z, 0.1% €5 F v 2 a8 10% KV 77
YT 3 FuuT SDS-PAGE %177, B TH., ¥k
25% F 54 b v x100 K TI0HHEERT 2ERE L, KEK
[50mM Tris-HCI, pH7.5, 150mM NaCl, 10mM CaCl,, 0.02% 7
SAEF b+ ) v s (NaNy)] 12T 37C, 24 BEEG &, BiL
®, FLRUWER [30% =& 2 —, 10% EeEE, 03% a—<A
VY7 v b7 — G250 (Sigma Chemical, St. Louis,
USAN I TR T EREM%BE L, 30% =4 7 —sv, 10% BrERIC
THELTEYS 5 v RELYEE L.

V. BEROEK

1. DNA DfhH

=AY DR Lo dml O MR E % (0.1M NaCl,
0.2M v~ 2 %%, 0.01M EDTA, 0.3M Tris-HCI pH8.0) TR L
7. ARz 250ml @ 10%SDS % inx H# L, 65CDREBF
1Z T304 MR Lz, 512 600u @ 8M EeEEF b U v A%
Z B, 604 RIK® Lic. X®#k, 4T, 11,000rpm IZHWT
05FELL, KBRFhF -7 KERL., 7rekl
& 4dml iz HE#E, 3,000rpm KB TISHEBEOLL,
DNA it Lic. SERLAKBI 2 = 2k A 4ml, TE &6
W -8R 7 = 2 — v dml B0k R, 3,000rpm s\ TS
SHREPECL, DNA i L. BEZr ek s dml 250
%, HWHE, $BMLAKBE 8ml D=4/ —AkMx,
3,000rpm 3\ TI64HEO L, DNA Okt Bic. 20
W E0% =% 7 — L THhE L, MEEZE LK, 2ml D
TE BEWKCHEMF LIz, 2D DNA B IC 10mg/ml RNase
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4yl 0%, 37C, 30 HERE ek, M FEEEF PV ¥ 4
200 %, TE BEHK - M7 =/ - -2 rehia 1
12ml T 1@ (3,000rpm, 15 44f), Z = rikr s 2ml 2T 1
@ (3,000rpm, 10 43 #H%T -7, SR LEKBIE 5ml ©
=z /) —NEM%, 3,000rpm, 15 FEBELL=% 7 — ik
otz BHhic DNA I280% =2/ — A THE L, BER
mxeicth, TE BERCTER L. 2XXEHEAY,

DNA %% D 260nm @ OD ##lE L, 10D % 50ug/mi & LT
DNA BERHEL .

2. &1 DNA D%

<~ AE® DNA HFEw MT-MMP-1 # A pSG5,
pLXEN RH 27 & —% 107'~1070""ug ¥ TOI0EBREER
EvrhEninz, % DNA B% lpug L LicbhOxeEH
DNA & L7-.

3. PCR &

V—2. CHR% LB lug 288 L L, PCRERTEEE
FHATST R FOBELT 7. FROEETESIOHEIEIC
BAwA7S54=—L1LT, £75A 3 FIZERMWZ 17T—-20bp
DAYV ITXIVEFF FPEERLE (K1, £1). 2hb754
v — R FECEAIBERTEETFEAS SR I VO
2l EA DNAflETThEhERHLL. T,
pLXEN @HBBWTIZx 4 <A ¥ ViHEEETF (neo) D—iR% 1
BT5754~—bFH L. 751 =—1247T DNA A5
(Model 391 DNA Synthesizer, ABI ¥ %%, HWR) & TIEE
L, 260nm OBHEEHRFE LT 20uM AR LA b DR FEHL
Iz,

PCR g1 Taq DNA £ Y 2 5 —+ (Promega, Madison,
USAY i, —8ifs 50ul i CTBEM®93C Tl 4y, 7=—
Y v IRIGESSC T 14, MERIEET2CT L5417V, Thi
1H A4 20E LT249 A4 2048 DR LI, RGKRTH, 72CT
105 FE D ALER A pn % 7

4. DNA 7' my 74 VI

PCR iz X S -RBIC S5ul © 3M BEEEF+ + UV 7 &
(pH5.2) 8 X 08 200ul D=2 / — A& 0%, 15,000rpm 12 T2045
fE O L DNA 2yt X, DNA #80% =%/ — i T
WL, BESRLAEE, 0.06%F> L7 —n, 0.06%BPB,
BIUV6.7T% 7V e —A%E&t TE BERCERL, BKDH
W 15p i FR%E Uiz, £30BHE 0.5mg/ml D=F T v AT m<
FREL1.5%7 47 v — R ¥ £ THREB)FRZER @mM Tris,

Table 1. Sequences of the priprimers for amplification
in expression vectors pLXEN and pSG-5

Primer Sequence

pLXEN 1 5>TTGTACACCCTAACCTCCG <3
5>CACAAACGCACACCGGCCTT<?
5>ATTAGGGCCAGACTGTTACCY
5>CTTTGTCTTCGGTAGGCACT<3'
5>TGCTGGCAGTTCGGCTAGAT<S
5>CTGTGCTCGACGTTGTCACT<d'
5>CCCGCTCAGAAGAACTCGTC<3'
5>ATTATGCTGAGTGATATCCC'
5>TGTGATGCTATTGCTTTATT<S’
5>TGTGATGCTATTGCTTTATT<S’

pSG-5

GO DN = = Y U1 DN

2mM EEfE7 + UV v 4 0.lmM EDTA, pH7.2) ¥ B\, BEF
100V L TESHKE Lic. ABRTHD S V3T on ) EHE
(0.2N NaOH, 0.6M NaCl) iz L, 3045 BRI TELH TIESR
L7z, g [0.24M Tris-HCI (pHT.5), 0.6M NaCll wB L
NTHBRCTELHIZRB L, FRRGER. ZOHFK
5% 2ER DR LR, 20B8E SSC 2L, ~M AV F
NAVIFSVRERELR. BEHEOA VTS vii UV R + 3
=V vh— 1800 KW CTHERABYBHL, DNAR A v 75 v
BELx. £7723I FEBETH =T 3 =F17 3/
= F )bk )ba— A (diethylaminoethyl cellulose, DEAE) 1 &
DB LIz, Tihebd, £75 2 3 Fe#H L LCE PCR 7
SA~—WXhBIEINI DNA ¥ 1 2B E TAE 6K
(0.04M EEE: Tris, 0.000M EDTA) =T DE81 # (Whatman,
Maidstone, England) 2% 74, #% 05ml = v F
NT7F o —7WBL, 2M NaCl piz L7z, 68°CT154/,
BLEE, =V LT F . —FOERCRAYET, 1.5ml
=y RV FATF o —F AR, 8,000rpm, 5 HEE L, HIE
Xhiz DNA BB, ZOBKCaMm7 2/ —N 7R
RAL A VT INTAa—L25:24: 1 Nz, #EHRLE
%, FEYERRL, BREBE 02M NaClL2 FE&D= % / — L%
Nk, 80°C T155fE&H4, 15,000rpm, 15 S RH&EO L=4 / —
NEBE T T, BHRIIEB#II80% =& / — A TEHEL,
WREZE%, TE BERCER L.

5. "M TYVELE—-v gV

AN TVEALE—v g VITFIR LA 15 ERBICHETL
o, ek, BRHIWBMROKRKE IOHMELT H v — ABSRK
OB, Hindll THK L [«*P] dCTP w CEH#H LA
DNA #) 100ng 3 & O° Haell CHI¥T L [a-*P] ACTP & THEH
L7 pucld 7°35 2 3 ¥ DNA # 100ng #E# & L T[RRI

Transfected cells LV. injection Lung resection

o - t 5 EE
o "LV | I)NA
PCR
O O o éa S 8;

‘o N outhern
PL5M2 = - blotting
. oo DNA

I}

7 o G el /
pLAMT

.‘ DNA
S~ % ° / AN

Fig.2. Schematic illustration of the experimental pulmonary
metastasis assay (1). Each groups of 1x10° Madison 108
cells or 1xX10" HT1080 cells transfected with expression
vectors (pLXEN only, pLV; MT-MMP expression vector,
pLSMT; antisense MT-MMP-1 expression vector,
pLAMT.) were inoculated into the tail veins of mice
(Balb/c for Madison 109 cells, Balb/c nu/nu for HT1080
cells.). Mice were injected intravenously  with anti-asialo
GM1 (200 ug) at 2 days before and 1 days after tumor
inoculation to abolish natural killer activity. The DNA
extracted (1 ug) from lungs at 5 days after tumor
inoculation was amplified by PCR with Neo' primers. The
intensity of radioactivity in reaction products hybridized by
Southern blotting was analyzed using a Fujix Bioimage
analyzer and the replaced DNA (logi,y DNA) was computed
by the calibration curve of neo’.
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B LEOMBENSHELK.

6. HREMRDOVER

V—2 T8 DNA # MO &M4 T PCREEXRAfTL, B
bl 7% DNA 7oy 74 vk, N7V ELE—
YaVETokE, RMFAA AT FSAY - HT, —
EEFIC BT 5 BEEEOWE LT, BELLE. 722
F DNA & & BETENEME L D RER LB,

V. EBReEB 7 v 4

1. ZREMY

<Y AL Balb/c, 6i8#, Mix, X — Vv AL 5K, M
@ Balb/c (nu/nu) (A& SLC) #FA L. <~ v ALEBRE
AT &M F (specific pathogen free, SPF) TR, BWEK
EAABHCERTES L5 LTHAT LERICA V. M,
BIEE ML Balb/c S L Tix Madisonl09 #f%, Balb/c
(nu/nu) L€ HT1080 fMfa% B 7z,

2. BBRMBEA~OSFA I FOEA

EEMRZ 150mm 75 AF » 25 4 ¥ o (FALCON) 125
B, I-3 LARCEGCTFEART L. &5 4 v 2 L
MT-MMP-1, AS-MT-MMP-1 &HE 75 X I F DNA 8 X O'FH
~7 % — DNA 3.Tug % 0.25M $E{k» v o 4 1104 ZEF
L, TOEAKK 2XBBS 1154 %z, 37CTI04RM, ®ic
ERTIOLHBE L8, Z010EFEd LRkl 7 v
ValkoEMz, COBE 3 BDEETICT 37T, 24 BfERSE
L. &K, ~v 27 AR T 3EEH L, 5% FCS i
DMEM 2ml ‘T 37C, 24 BefEEE L, RRITH V.
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< —IZTHIERDH T PCR BUGE ST Lic. B 5h g
DNA 24 v 7 m 74 v2ZIZX DEH#RL, FORMEE
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EBERELPRATRD, FBASS R § FEETHE L.
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Ty AERETEBEL, BROCEEROHNYHA2%
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TEA L7 MT-MMP-1 BETORRNZHRLHER TS D
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BT HFAROERRY T L.
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Fig.3. Schematic illustration of the experimental pulmonary
metastasis assay (2). 5X10° cancer cells transfected
expression vectors (pLXEN only, pLV; MT-MMP
expression vector, pLSMT; antisense MT-MMP-1
expression vector; pLAMT) were mixed each other, and
total 1.5%X10" cancer cells were inoculated into the tail
veins of mice. The DNA extracted (1 ug) from lungs at 5
days after tumor inoculation was amplified by PCR with
specific primers for each plasmids. The intensity of
radioactivity in reaction products hybridized by Southern
blotting was analyzed using a Fujix Bioimage analyzer and
the replaced DNA (log;, DNA) was computed by the each
calibration curve in the same way of Fig.5. Mice were
injected intravenously with anti-asialo GM1 (200 ug) at 2
days before and 1 days after tumor inoculation to abolish
natural killer activity.
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(phosphate-buffered saline, PBS) (pH7.2)-3% &=fE7 L7 3 v
(bovine serum albumin, BSA) & X 2 IFERMRIED 7 a v 7
o, €xF vt MT-MMP itk (113-5B7: <75 ¥
CDGNFDTVAMLRGEM, ZZ# 310-333, MT-MMP®, B+ &
T¥, &) ¥ MMP-2 HLE (T5-TF7, EL¥ERITH)
# 5Spg/ml &1 PBS-0.1% BSA W= TE0HHER TRIG S
. RWT, FieAF v~ 2 1gG #{6 (Cappel, West
Chester, USA) T304, BB CTRIGHE, €7 A2 4 32/
.7 AN =vaVANDABHZF A A b (PIERCE
immunopure metal enhanced DAB substrate) & » b+ (Cappel,
West Chester) THRE ¥, i, BB &L LT50051C5H
RLEEFE~Y A 1gC % l kIEOb HICERL, FKDT
ETRIE®TT- 1.

VI. #EEHLEE

BHRIREBIL, £T x£SD TRLE. $EBOZORE

iz ANOVA 0%, Scheffer's F BEX A\, ERXK

(level of significance) p<0.05 ##FtEMWEREED D L L.
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1. EBEMRICHT D MMP-2, MT-MMP-1 D3I

ERIZHLHVEATHIEEMBERD MMP-2 8 X O
MT-MMP-1 ORBOEFESY /) —F 7 ey bEBIOE T F
VLRSS T4 I DERE L.

1. 7—¥v7my b

b b ERBHEAEMEETH A HT1080 Mgk & O° Balb/c
- A B RMEML T H D Madison109 #kgn H# RNA #
FHL, MMP-2 % L 08 MT-MMP-1 BEFDOREY / —¥ v
TRy bALT VAL X —v g VEBECTRE L. £,
HT1080 Mz e + g3k, Madison109 #iz~ v AHFETH

A B > O & > & &
¢° °
FEE SLE
FCS(-)
MMP-2 S

Fig. 4. Expression of MMP-2 and MT-MMP-1 gene in
cultured Madison 109 cells and HT 1080 cells. (A)
Northern blot analysis. RNA samples (20 ug) obtained from
the cultured cells were electrophoresed and transferred to
membrane. Northern blots were performed with *P-label-
ed cDNA probes of mouse MMP-2 (MMP-2) and mouse
MT-MMP-1 (MT-MMP-1) and actin. The sizes of MMP-2
and MT-MMP-1 mRNA were 3.1 and 4.5 kbp transcripts.
The same findings were given with human probes (data
not shown). (B) Gelatin zymography. Cells were cultured
in serum free DMEM [FCS (—)] or DMEM containing 10%
fetal calf serum [FCS (+)] for 24 h. Coditioned medium
(15 ul) were mixed with SDS electrophoresis sample buffer
and separated in a 10% polyacrylamide gel containing 1
mg/ ml gelatin.  After gelatin digestion as described
“Materials and Methods”, the gel was stained with 0.1%
Coomassie brilliant blue R-250.

b, ThEh<vAaB8lUe rHROFEGRFE S r—7ELT
HAui. e b MT-MMP-1 ¢DNA & = v x MT-MMP-1
cDNA E1394% D, & F MMP-2 & =9 2 MMP-2 £1292% D
RERC—%ETE. FOKE, Te—JoBHEcELLT
HT1080 #fir MMP-2, MT-MMP-1 iz mRNA ORENR
B Hteh, Madisonl09 #EZIZWTHOREE LI bhic
MHote, =9AT -7 RHAGWEERYE 4A TR L.

2. EFFVFLELFTT 4 —

Wiz, ¥5F ¥4 22357 O TiE HT1080 Mk,
Madison109 gD E£ T % MMP-2 8 XU MT-MMP-1 D&
BEERE LA (K 4B). €5F V¥4 2757 4 —BERES
FRVFZZINAT I FAABREKBBO XY VEHTOESF 5
B X BB T 2 AETH Y, LR MMP-2 13 68kDa, &
Mt A1 64kDa, EMAIX 62kDa O~ v F & LTHBA
5. BRE T 5EREKIIEER MMP-2 4% L7\ DMEM
3 LI ER MMP-2 #6% 72 FCS #&1; DMEM & T
KR HEIT Lz, MMP-2 3 X0° MT-MMP-1 @ mRNA ZEH
E—B LT, BER MMP-2 7t Hh OV ER(LRE, ErbrhrE
MMP-2 124243 % N~ M2 HT1080 M DE & EE TR S
7z, Madisonl09 B T & 5 MMP-2 OEAIEE HF
RrBEbbhich T, ¥io, BEEEE 10%FCS jn DMEM &
LEBETLRBTHAS FCS 0avrEh B LERABRT
Madison109 #ific & 55 #EHOEER MMP-2 OFEHE{LIX
I bt i b, % HTI080 Mizxgsh
MMP-2, MT-MMP-1 #3812 FW| L T 5%, Madison109 A2
TRHEBREORENREALEVI ERESF VFA ST
74 —Thirdhiz.

1. +>Z MT-MMP-1 BEFRHEICLZEBAER MMP-2

FEHEE L7 T2 EEFRBICE 2046

MT-MMP-1 EEFERERATH DIy ABMKEY 1 v A
@ LTR #2752 3 ¥ pLXEN & SVA0 1B EF 7=
E— R —%EDOTSSAI FpSGE ARZE-L LTHWT, 7

MAD109

Fig.5. Gelatin zymography of cultuerd medium to certifica-
te the effects of constructive expression vectors. Gelatin
zymography was performed as described. HT1080 cells or
Madison 109 cells were transfected with MMP-2 plasmids
(0.2 ug) to express latent MMP-2 enough by themselves,
and they were cotransfected with MT-MMP-1 plasmids
(MT-MMP-1; 4+, 0.2 pg; H, 0.6 ug), antisense MT-MM-
P-1 (AS-MT-MMP-1; +, 1.6 ug) and vector plasmids.
Transfectants were cultured in serum free medium for 24
h. Conditioned media were collected and analyzed by
gelatin zymography. Constructed vectors with pLXEN
were used for HT1080 and pSG-5 for Madison 109.
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BE =X —DTFHIZ MT-MMP-1 BEFE €V A BHBVILT v
FVADHEAERZAALY. FIERTF A I P2 EA L
HT-1080 #ifiads & U° Madisonl09 #ifa D i5% F A VT £ S
FUYFAERIT7 4 —kHITL, £§7F2 I FOBER
MMP-2 {EM( DO BEL R/, 7ok, M MMP-2 3
B75AIFEBELLSSA I VERRBRBEEATS S
LTThZhoEETERERI 2 (K 5).

1. MT-MMP-1 BEEFEAR L 2EER MMP-2 Eit(b

HT1080 #ifa T MT-MMP-1 EETFv v ADFEIKFEEX
BB EWI D, BIER MMP-2 (68kDa) o M (ki
(64kDa) & igHH (62kDa) ~DOEMIMzRE I iz, T, BA
THTIAI VEREFELCERE~OFBAEMLE:. <
F—7F7A 3 FOHRICIBHROBNIHD bHich 570,
¥ 72, Madisonl09 AT H AR MT-MMP-1 & X BEER

18

2

Radioactivity (RU/mm )

-log, DNA( .g)

Fig.6. Calibration curves of PCR products from plasmid
DNA. PCR products were from serial dilutions of each
plasmids DNA in the mouse lung DNA, could not be
detected at only mouse lung DNA (control). Plots of the
radioactivities hybridized to PCR products of each plasmid
DNA against DNA concentrations with each specific
primers. Radioactivities in the PCR products hybridized
with ®P-labeled probe were analyzed using a Fuji Bioimage
analyzer. Radioactivity was described in arbitary units
(AU) per mm®. The genes of PCR amplification are
shown in Fig.2. Probes of PCR. (A) pLXEN vector, @ :
MT-MMP-1 expression pLXEN,O; antisense MT-MMP-1
expression pLXEN, A. (B) pSG-5 vector, @ ; MT-MMP-1
expression pSG-5, O; antisense MT-MMP-1 expression
pSG-5, A. (C) neo-resistant gene (neo”) of pLXEN.

MMP-2 DERLHBEE S hic. ok, MT-MMP-1 &= Fo@
A% LIsh o fest lBEEIC 38\ Tk, HT1080 MR TIRIE ML
FHED v FosboPhie i bl & hicst, Madisonl0g MR
TURTEHE LR R L BB O N v PR T E e
7o, Zhid HT1080 #HfRC 361F 2 MZEsE MT-MMP-1 038
LBEELDR, HAOREREE—HTH. UEDKRLy,
MT-MMP-1 BEFE2 € v ARERETSH 7T 2§ ¥ (pSG5.
MT-MMP-1, pLXEN-MT-MMP-1) ##ifa¥ A3 2 = L 1= &
b, BEH MMP-2 DERILATE IR L Z L ABEIAE.

2. ASMT-MMP EEFHAMIGC X AR MMP-2 &
Mo 4l

HT1080 #BAg% & U Madison109 Mif9IZ MT-MMP-1 &ET
ERTFAI P EBATH LEBEN MMP-2 OER{LAES
L. EZET VF LV ADHEHT MT-MMP-1 BETFLEAS

A 1234
a neo” WP, < smsup
Cultured HT1080
E 1 2 3
b § pLY pLSMT PLAMT
56 78910 111213141516 17181920
NEOT - 525bp
LUNG
a
Cultured MAD109
E 1 2 3
b § LY pLSMT PLAMT
56 78910 111213141516 17181920
NEO" '

' " S2Ghp

LUNG

Fig. 7. Detection of the transfected gene in the cultured
cells DNA or murine lung DNA after inoculations of the
transfected cells. The DNA was extracted from the
cultured cells transfected with plasmids or murine lung
after inoculations of transfected cells, as described in
Fig.5. The DNA extracted (1 ug) was amplified by PCR
with Neo® primers, then the amplified DNA was hybridized
to the probe of neo” by Southern blotting. (A) HT1080
cells. (B) Madison 109 cells. (a) Cultured cells transfected
with the expression vectors. (b) Murine lungs at 5 days
after cells inoculations (n=5). Cancer cells were transfe-
cted with only pLXEN vectors (pLV; a/1, b/6—10),
MT-MMP expression vectors (pLSMT ; a/2, b/11—15) or
antisense MT-MMP-1 expression vectors (pLAMT; a/3, b/
16—20). a/4 was the amplified DNA of the cultured cells
without transfection and b/5 was the amplified DNA of
the murine lungs without inoculations of cancer cells
(control).




MT-MMP-1 BEFEABMBOEBREHR 279

priic kb, EEERIEITS & NAENEER EETO
MMP-2 ¥ €5 FVvHFA /57 4 ~TRHETHI LK I D
HLt. B5ART L 51 ASMT-MMP-1 28 MT-MMP-1 %
Bic X 2BER MMP-2 OFEMLEISIT 2 Z LR hic.
0. FRRIV2—OBREFELKRER

EZRWTEER CORELERFEAMRBYHRLET S odIC
MR A Lz 5 A ¢ ¥ DNA % PCR TH#ig L T3
AHENEREEL, TOCERULTHRT L TRERYFHL
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L& L. Ll, #RCAVEEETFOEAMBIA
BIBHZLATARTHDA, MT-MMP-1 BEzFEAMRY
BAZ LB LTWhWisw, Lichi-s T, MT-MMP-1 &8
MROBXEBEMEYBEHRE L UEETLIZENEETHLA T
EREZ, VSV ZVIMNIYF VAT 22 v g v (transient
transfection) I & A5 MT-MMP-1 0 —@BHRELMEOE
%, REECS 2 2BELRET5ERERA. — By v
Bah vy ARICE HBETEATIE, ZAMROL0%FHEC S
FAIFAEDATER, 0-50KEEr -7 LT5—BEEOH
ABEBEFORAIZD b5h 5. Madisonl09 fifas L O
HT1080 MR- EA Lz MT-MMP-1 BEFORR L BESLHE
TCRBORBEATERTAZ LB LERICH V.

1. EBROMERE 7 v 24 (1) 1T X5 MT-MMP-1 D&~
)7

EVABHBWELT vFE VA MT-MMP-1 SBEF% ) VgD
vy MBI X hE A L1z Madisonl09 $f83s X 08 HT1080 #
REEETFEAMBORINELT> & & 4RI ER L,
~YADRBIRICEE L. SAKKE-Y R X DHivRHEL,
4 DNA »#h L, flicds L-MByARE L TuWAEARRE
F% PCR ETEE LY. Z0HER L H MT-MMP-1 EEF
BHVADHBWILT vV ARLREE LT AN ORE
ETeBR2 2 -FFAL VORYEALCARZLL, D
EEWC EORICEBMERY RO A Lis, ERICH V<Y

B NS
[ 1] ]

pLV pLSMT pLAMT

Fig.8. Comparison of the ratio of plasmid DNA detected in the murine lungs and that in the cultured cells. Cancer cells were
transfected with pLXEN vectors only (pLV), MT-MMP expression vectors (pLSMT) or antisense MT-MMP-1 exprssion vectors
(PLAMT). The intensity of radioactivities of PCR products from the extracted DNA (1 ug) of the cultured cells transfected
with each of plasmids for inoculation and the lungs DNA at 5 days after inoculations shown in Fig. 6 were analyzed using a
Fujix Bioimage analyzer. The amounts of DNA (logw DNA) were replaced to plasmids DNA by the calibration curve of neo'.
And these replaced DNA of the lungs and cultured cells were revised by amounts of those total DNA, the ratio of these total
plasmid DNA in the lungs to that of the inoculated cells was calculated. (A) HT1080 cells. (B) Madison 109 cells. Values are
X +SD. Significant differences at p<0.05 are indicated (*). NS, not significant.
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Fig.9. Detection of the transfected gene in the cultured
cells DNA or murine lung DNA after inoculations of the
mixed transfected cells. Cancer cells were transfected
with only pLXEN vectors (pLV), MT-MMP expression
vectors (pLSMT) or antisense MT-MMP-1 expression
vectors (pLAMT), and each 5X10° cells were mixed. The
DNA was extracted from the cultured cells transfected
with the plasmids or murine lung after inoculation of total
1.5% 107 transfected cells as described Fig. 3. The DNA (1
u#g) was amplified by PCR with the specific primers for
each plasmids, then the amplified DNA was hybridized by
Southern blotting. (A) HT1080 cells. (B) Madison 108
cells. Control-1 was the amplified DNA of cultured cells
without transfections and Control-2 was the amplified DNA
of the murine lung without inoculations of cancer cells.

A3 HT1080 Ml LTt 7 ~ 7 » GMIL stk 5z I by
NK #URaiE#: 24 L7z Balb/c (nu/nu) = ¥ A% Madisonl(9
MR LTiE Balb/c =¥ 2% B,

£ BETEEA Lz HT1080 #Hfg3s X UF Madison109 flifarz
BOTHEETFEAMBYBIRACBIEL TS BRORASE 7
(A/b,B/b) ICRT X 5 WEBARGEFORY 2 — ol ts
neo MEEEGEFHEBTEL. REBRLOHAOSS 2 vE
KEBRLT, BEMRE» S OMeEFELEHL, MLtk
A, HT1080 Mk Tix MT BEASRBEIICIHE L2.66%5, 7, &
BRI AS B L2 4ff L BRI (p<0.05) Bffix =L (R
8A). Madisonl09 #fE (X 8B) T!x MT A WBEWL
3.3 EARIC (p<0.05) B Mliz R Licad, WREEL AS#L
OECIZEBEZIE» o7, KRRTHAWIRZ 2 - X5
REEIHT, pLXEN Ofl%Rwrm Lz,

2. BRMWHEE7 v 4 2) X5 MT-MMP-1 DiEg~
-7

EHOKBR TR ERETAORETFHEAMIEE I« D~ v 2k
BHELTWARDIZ, BHr0~< 7 ABTREDIESSENKE
WATREMR BB, EZTC, ThEhDEEGEFE NS VAT =2
Ya VLl boh UHEEAL, Y ARBHETAILT
LU ABIOT VI v ABAMROMEEDESYR—EE
OFTHE L. TORE, ERHITER7 v €1 (1) ORR
LEREIT, HT1080 #faTi: MT B2 BB L2.56, %
FeRBRAT AS BECEH LS.6f5 L AR (p<0.05) BIEENS
M ote (K 9, 10A). Madisonl109 #ifacit MT BB
L3. IfEL BRI (0p<0.05) £FRINFE» -7, HBRHEL
AS BHEDRICAZEROFEEITE,» -7 (K 9, 10B).

3. MT-MMP-1 BEFEAK L 5 HEBRESR~OBE
ERVER 7 » 24 TE MT-MMP-1 O it E~DHEL R
B L7cAt, AERTIL, TOBRIES LI HIH L T
HEBRHE 2R T 2E8BC I THEY»RELESA N,
Madison109 #ifa%x H W CTEE L. MT-MMP-1 #EFO+£ v
ABBLT vF e VARBT SR I FBIOTOMB LD
Ny E—7F A3 F% Madisonl09 f#iRCEAL, ThXth
5X105@/0.2ml %~ v ABRBIRIBE L. BES 52 1 PR
pSG-5 3 L O pLXEN o 2 BEY AV, FHERTR

Table 2. Effect of MT-MMP-1 on pulmonary nodules of mice inoculated i.v. with Madison109 cells

Lung colonies

Transfectants Significance*®
Incidence® Metastatic potential® Range!
PSG-5 Vector only 13/13 69+10 15-136
Sense MT-MMP-1 13/13 116£15 62-220 p<0.05
Antisense MT-MMP-1 13/13 7810 28-148 NS
Plxen Vector only 9/9 58+10 13-109
Sense MT-MMP-1 9/9 124419 40-225 p<0.05
Antisense MT-MMP-1 9/9 69+11 15-115 NS

* Tumor cells transfected with vectors were injected intravenously (i.v.) at 5x10° in Balb/c mice. Tumor

formation was then monitored.

" Data represent the tumors formed per number of injections during 2 separate experiments. In all mice

tumors were detected within 10 days.
¢ Mean number of nodules+SD.
¢ Minimal—Maximal numbers of detected colonies.

* Significance of the difference between vector only as control and sense or antisense MT-MMP-1
transfectants as detected by Scheffer’'s F test. NS, not significant.
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Ratio of plasmid DNA (lung/ inoculated cells)
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Fig. 10. Comparison of the ratio of plasmids detected in the murine lungs and that in the cultured cells.

B ] 1

R

pLSMT pLAMT

pLV

Cancer cells were

transfected with only pLXEN vectors (pLV), MT-MMP expression vectors (pLSMT) or antisense MT-MMP-1 expression
vectors (pLAMT), then each 5X10° cells were mixed. The intensity of radioactivities of PCR products shown in Fig.9 were
analyzed using a Fujix Bioimage analyzer and the replaced plasmid DNA (logiw DNA) was computed by the each calibration
curves. And, the ratio of these total plasmid DNA in the lungs to that of the inoculated cells transfected with each plasmids

was calculated. (A) HT1080 cells. (B) Madison 109 cells.

(*). NS, not significant.

Fig. 11. Immunological detections of MMP-2 and MT-MM-
P-1 produced by tumor cells transfected with plasmids at
the metastatic sites and fibroblasts in the lungs. The
lungs of mice after the intravenous inoculation of Madison
109 cells transfected with MT-MMP-1 expression plasmids
(A, C) and vector only (B) were fixed with 4% paraforma-
Idehyde in PBS for 16 h at 4°C. After ethanol dehydra-
tion, the lungs were embedded in paraffin. Sections of 6
u#m thick were deparaffinized, immersed with 0.3% H.0: in
methanol and washed with PBS. The sections were
incubated with 3% BSA in PBS, washed then immersed in
5 ug/m! biotinylated monoclonal antibody (anti MT-MMP-1
antibody 113-5B7, A and B; anti MMP-2 antibody 75-TF7,
C; non-immune mouse IgG, D) for 60 min at room
temperature. After washing the samples were incubated
with peroxidase conjugated anti-biotin antibody and stained
with immunopure, metal enhanced DAB substrate Kkit.
Arrows indicated the peripheral fibroblasts of the cancer
cell nest stained with anti MT-MMP-1 antibody. Scale
bar, 100 um.

3
Tumor volume (mm’)
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Values are X =SD. Significant differences at p<0.05 are indicated
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1500 —|

1000 —|

500 —

Days after inoculation

g.12. Growth curves of Madison 109 cells transfected with
the plasmids. 1X10° cancer cells were injected subcuta-
neously into the flank of each mouse. Cells transfected
with the expression vectors: vectors only, O; MT-MMP-1
expression vectors, @ ; antisense MT-MMP-1 expression
vectors, A ; the cells without transfection, B ; the cells
have cultured for 5 days since transfection with MT-MM-
P-1 expression vectors to weaken the transient expression,
A. Values are means for 15 mice from each group. The
significances differences from the controls treated with the
vectors only are p<0.05 (*).



B3

282

Madisonl09 T BMEE 5 B B GBREMO RS AR
HICFERR TR 1A%, 4B BRRMMEGEBEIEE LELIES Z
LHBRENT. X oT, BBRESKOHRIBMERIOE B
fTote. ¥, BMRENABEBEHIAERTHL D, BA
VIRERETAIROBYRENI VEAR, BEALT=v 1T
AMRHELUCRETHRE L., TORR, fHLEx72-0
BEErELLT, ARBECEAT L7214 MT BiEEIC
(p<0.05) EBEHNEEDLRA. T, AS BENBRHL
DOEWwEEZIRD LRI ok (3E2).

4. Madison109 MifafiEB &S O AEEBTA
£EETEAMY Balb/c = v ACEIRNBELCTEE
DIMEBREIC 31 5 MT-MMP-1 % X 08 MMP-2 ORXH 2%
FRgRE CTEZE L. MT-MMP-1 B-FEAMBLYBE
Lic<y AT ERED 5 b 2 FIcREIF B D
b, SRR ORIEE A MMP-2 #ithk, #i MT-MMP #ikic
TH®E Lz, #i MT-MMP Hifkic TRE I N EB EROBEM
B, BIESTREINTIRWES, BrEBEONHTE
Yol Fhii MT-MMP ik CHREIhicEBEORHED
KRAESF AL MMP2 it L > TR BBEI AR, Th
HO MT-MMP-1 BB ofsHiize oS L i LTy 1 X0
K WERERRLE. fBSS % 1 FE LU ASMT-MMP-1
BEFEABREMROLTOEBEIIH MT-MMP #i#ie T
B Xhich o7, ZO, MRECHEET 2 RMEFMRLN
MMP-2 #isic THE X his, MT-MMP-1 BEFEAHK
EBRERAOTAICELERTH - (K11).

5. MT-MMP-1 BEFEAR X 5 X TEBHBEE~OKE
MT-MMP-1 BEFO eV ABHBWET vFL Vv AR TS
AINBIUFEDORBERBRZ X -FFA I FRHBALR
Madison109 #fa%, FhFh 5x105E/0.2ml &~ v R A
TEBHEL, TOARLERBOCEHRITAZ & T, MT-MMP-
1 ORBEHEEOBMIEC 52 2 BELRE L. R
75 A3 FEAMRE XU, MT-MMP-1 EEFEAE 5 A
B3 LT @ 0E ARG T ORBEIEE LicicEIR Lk
BEC S WTHEE L. TORKER, MT BRI BRI,
BHEARMO 9,13,17T AE CRECEEER MR D LA
7o, ¥ AS BRI ARBY R U CHBREAEEENED 5.
#f, MT-MMP-1 BETFOBA, SAKBLETCBHEL
T RIRE IR BRI RSP ERE AR R EWEHEIERD bR
7o DOEBEETEN -T2 (K12).

% -

< v AERER € F BT MT-MMP-1 BEFE v A
CHRBATHMELT vF e v ACRERT AR LORBE L
THWERZ 2 -7 2 3 FEAMRICIELCERCHESER
NEWKR L. ¥, HTI080 #Mija Tk, AS-MT-
MMP-1 BEFRERRISBCE L ERCMAEERIMET L
Thle., ZhHORERNS, By MT-MMP-1 EEF25H
RETAZELRIDEOOEFRLEMI LD T &0
7o, #¥7, MT-MMP-1 BEFEEBRE SO K T HIE
EoHNE L OCREREERE O RN OHEN L b,
ZDEEREPITES RFERE LT MT-MMP-1 I X 58#E
T MMP-2 OFEMLOREC I h VE = 5 — 7 v O 5MiEs L
Bl tRELbRL. TVF 2V ARETFOREN
HT1080 Ml OfiEE R LA T2 Z L bBEMROEE

L - Tk MT-MMP-1 iEM 26T 2 & TEB2AAGcE 3
AREEIRI NI, TR b, 8RR TO MT-MMP-1 033
NEMROEE, BIEELYRETLIEERTTHDL Z LERL
TW5.,

EERTOBBEOERRIIICITSE OBEMLAT » 71
THRYTA. AR THCEEREB 5L, BBl BY
REDBETLEFSA? THDHD, MTUHEBSBARBOST
RIS IREPICEA LcB0@B Th 2 mMutER, €%, 0
ARG, BEOEBROIEHBET LT WA, 7o TLH MMPs
BT A EELLRDORMENRE COEEBREREC LS
MENBRL EBEDORT » 7 ThHD. T, KRR THG R
BREBT v 1 ORHE LT, BHRKEALICEGTFORER
N—BUETHA IS VSV FNFNF VAT 27 gV
(transient transfection) % AW ER BT b b . HBHEEE
e —vEBWPIIOFEYRAWEERARE, 7r—-v{bitk
BRI v —vORIREBETHZ L, B TIIHD08N
hEEFRIMAYEZCELZ ENTEAHLZ &, MT-MMP-
| FEEREROBUVRETHo LB BETF LIRS, &
fo, BT v 2 XBEEMROERHE L RREBEOMA
MEAOHBA TS 2 I FBEFCEMN: DNA % PCR T
BL, ¥ v T ey 74 VIBRLI DT HHER L o1,
PSSV R ES VAT 22V g VETREATTA I R
O Rtk DNA WREICR VAT B U T DERY
HIET DD, MAOHEIECE-TFF A3 Fa R En
TAHAEMNRIEV. Liedi - TEMRO~DEER LD
BB IND I LR BETHIIENTES. NTOR
MBaED TS 2 I FEBRHETALDERBICANCEERELT,
1) MBEE~OBEFEARE 2) SBRROIRE ABER: D
HRBIRENABARE CORBIC BT 2BHEROETR]I) &
MR RO MERE L ERid 5. 1) CTRECTFEADR
BARECNE D ERIRB-DOFERE LTEHADEIZY v
FaLyy ABE, BERCIMZA75 AT F DNA &,
BSS @ pH e F O FEFEEEDOBREIIMNETH . A7 v 21
@ Chen-Okayama (" WX AEYPR S VAT = 7 v 3 VK
WCEGTEART - R, MNEETFORMIFHET
bHofedd, L HHROBVCEETEARC L FAREE?H
s 2alEEMA DD . i, 2) OFEMBRO MFAFRICDONT
DOLFTOB/E T, REE»LBERMOFICEA LIBMARR
9096 Lh_E 232485 B 48RS HILIPIIC B, SBIRWCIRD LE XD
RTHRHP®, FOERLE LT NK #if, MiskEEs Tk,
VRT e T A v, Fithis £ O E g MR, MEkeD
Mhekts 2, B, 6252k L OYENRED, BERADRED
ExHRTWD. BIZX— P2y A2 THRK & 5% mE
Breoxkimc kb, NK ElREE~7 AL bEL, Mics
A BEHEREE NS E VD B MTHER LR LIC WET L
EEND. Zokd, NK EloME*BERNE LTH A7
7 # A7 7 3 ¥ (cyclophosphamide, CPA)™, £ v & —~7 = ¥
v (interferon, INFY®, Y mr 2 2 75 vy B, 1718227
U — AP SR bR D, AP TR IRE B
BERENBARECOBB TREROLFEREBDHLD
W, vHEH T 7 e GMl M0 2 EHRA L, P TO
NK #f 0fEb 2 36 LS~ OB L s s g, vi¥
H7 o7 e GMI MY « RE#k & b, B& L NK#
MOBRECEETAERETHS7 v 7 GM] 2HEL L
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CELRLTMETHY, 7 ABLUS v D NK #ifg, <
ru7y—Y0—&, Kb~y ABIRREARO—F LK
ELCHMROBELABTCTS. X- <9 A~D3HED

CTOFMBEBOHREW LY, NK EEOIREL T 5 - L
FIRTWBY, IR TZOMmMELER LR, #5E
SR EBIC AT, MT-MMP-1 BETEA HT1080 S0
RABEES HECRTHMA TS5 2 ¥ DNA ORHEM
10:—10* fE8hn L7z, &I 3) O ORI EE
5AEE L. MERKBMHELCBMARIZHSMAmYS, Mk
Bz EE LINESBH 2 BATAY. —RICi3z O BRI
MERREEURFRERE & Sh T\ 55, Walker256 #ifg<
AH130 Mg ClZmEABEE 6 RECIXFI B M e %
T5EVHRTE IO, MENFH»SHMER~DOEEIT
P BCECES EELXORD. i, B8 LioEiis
EBELURTAobdicit, IEFRN L H EEELHSEL, THE
iR 0 BE MESBH AT 5 BDEHH S . Filder™® OKRWIC
LBEBE A A F2-Fhrry ) v CEBLE BI6 25
7 —<filak = v ABIRFCBIE LR, 99% 0 EEMRLS
FEWL, ¥, EHRBEEBMELSAIBIEE 8 B THAE
BRI A TR E LTws, BRI S &5, BRI
FR~N—BEE L CHMEABRH A Tbhicn &, 8k Lich
WE, WENEELER IV BYECER TS Z EAFHIR
B, K7 veA TOBMEE S B BOMRERIT, mEs5H AT
bhTOiRWERRABE LTV A ATERIIED TEWEE 2
bhs.

SEER Lo Miiakkil « b ERHEAE Rk HT1080 M™%
IO v AHEMRE S Madison109 #IfgY~® tH 5. “hb
DM DILBEORBITE DCEREBET L, BREB TV
THRATLHEBELETHILTHS. i, HRTHERE
LT, BFEEME TAEERETH S MT-MMP-1, MMP-2 %5
R RS ARETF SR 5. HT1080 Ml AEROREN B
h, Madisonl09 #ifETIL/, — v o7 my V&, €5 F VA
2S5 7 4 —TEORBELBH L) o1z, ThbOMkc T
% AS-MT-MMP-1 0B HIHEIZIRE HT1080 fifg TizRD 5
hictt Madison109 MAITIZB S Cllfeh o te. ZORERIT
Madisonl09 g D EBICEL LM~V » 2 ASEA
MT-MMP-1 kM TH A Z EXRLTED, /- ¥V 7
By bTO MT-MMP-1 #BEBOEI L b —HT5. ¥,
HT1080 #ljg <ol d +4 T < (Izt L58.0% D i
EERET), ZoMAOERICIT MT-MMP-1 &5 Mt
TRV o 7 ADHRRY, HEFEEOSBOBETIEE LT
LAREMD D D .

RS ARG TN LEMR O F T MT-MM-
P-1 %% LT\ % Madison109 fif8iz MMP-2 = LT HHE
BB b7, T4, TORBOBMEEMBT D
MT-MMP-1, MMP-2 O ¥\ 38 56388 X M. MMP-2 125548
WO TEESh, BENL LTREShS 2 Lnf
HBRTL B &4 Madisonl09 #ifE S1: MMP-2 % R
LTwicn, oz thbBlRETAANCEALL
MT-MMP-1 BEFOFKRAEEO BB ER O MMP-2
REMREEALFE L ELbRLE. Thbb,
MT-MMP-1 AR MMP-2 % iEE(L3 57200 T < Milass
B R T B 7o b O ABBAEE L OB AR R i,
MT-MMP-1 BEFEHER LTV 5 —HOMOEBRKSH T2

2EOMRCHE—DORETRALAED b, ChbORHT
REABRCFIAEERERCHEIA T W EEE FREM
(stable transfectant) TH 5 AIREMEAE 2 b 5. BEBREA (in
vitro) CRREHRELREFREMILBS 2 Lk ieh -
e, FREERCAGCBROMETHL L b, RBEN
TOEELERNORECRVCHRERTHB EELLAS. &
BERTDO MT-MMP-| SERBEAROBII AR THHE
HmoO—2& LT, MT-MMP-1 OB & o MaERE CHm
MEFICEAETHEER MMP-2 OFE#(b2 R b, ok
ERERS 2 SETHZ LI T, BHDORHRYED Z L TH
M EE SR A THEENEL DR S, —F, £ERNTRRE
HD ECM 3B EIHFEL, ECM OBENEMEOBRE & 5
TEXEIRET DN, BBrRANES Z Lidichbiny . B,
HRRENTEETE 2012 MT-MMP-1 ORI L <1 OEHE
RREZTTH Y, LMl TIE MT-MMP-1 DRBEAEVD, b
LECRABIS ATV AAESERSS. 2O &R
Madisonl09 MR R Hh 5 L 5L EhicEMREORR
BiEEEL MT-MMP-1 W HkFEHETH A REO—R1$ Lhis
A
UEDRERMML, MT-MMP-1 © MMP-2 OFE%R(LAAEDR
HE LUERNEBELY TEI DI ZENRIAL., ¥,
AS-MT-MMP-1 A EBRHNEBELHH LEEHL 5,
MT-MMP-1 ORBRELEE V<L THEIT A DI T7 vF e v
A% Y IR 27 LA F I (antisense-oligonucleotides, AS-ON-
D)™ 2, w4 ANz k5T AS-MT-MMP-1 BEF %%
MRANEATLREDFRT, »5BOBOERE, BIEIGHIH
TELUEELDDEELLND.

& Ei]

b MEMEARE HT1080 $fds X U8~ » AREHI M Madison-
109 #ifiz MT-MMP-1 % X 08 AS-MT-MMP-1 O#EF %
Hgkth, ~vARBHELTEY, #EECS 258y E
BRERT v 1 BIUREENFBRCTERE L, UToERy
B,

1. HT1080 f#fa, Madisonl09 MBIz M E I~ D EIEB
BERET A, FIEOII MMP-2, MT-MMP-1 ©ZHE AR
bhte.

2. EBREREFAKET 2EEOMT MT-MMP-1 &
EFBEARE MT B BRBEN27 2 -0L0BAMBKE IR
B AT, FRCHABERNEN - 2. Madisonl09 ffgic
AS-MT-MMP-1 EEFEEA LR (AS B) EBRELOM
WEZBRDbRhish ok, —F, HT1080 #fs CIizR Rt
~AS BIIMEBRRNERIC AL .

3. Madisonl109 #ife D EERMMEB I\ 2 EEBEHRL0
H H ORISR MT B2 B8, ASErELN 2L

Birdhoto,

4. MEBRELHEL TV ARMBRO ST MT-MMP-1 %
B, LTV 5 Madisonl09 #faiz MMP-2 123 % g g
BTchotc. i, TOREORMFMIIZES MT-MMP-1,
MMP-2 OB WFEEIREI . :

5. vy AR TBER, #EFEFEA Madisonl09 Mo AR
e RRESENCENE LARER, 9,13, 17 B Bt T MT B2 R
B, AS B LAROBEINARD bhkd, ThilfczEk
b bhich oz,
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Fi

LiEDRERM2L, BETHEAR IV —BHEKERE I L
MT-MMP-1 23&#{L MMP-2 #8 U CEBM O ERMER
e, BEEBI UMY TTEIRD I EBHLN Lo,
ZDZ EmE, MT-MMP-1 % L0 MMP-2 2B DOHER, B8
HEIOE L i DB AWM IR S i,

B 3

Bz T, BRHEY L ARMYE Y ¥ LcBREARTE
HRCREAEBEYRLET. i, ARBTOHEOERLHKILHE
B LEBEER IR D ¥ LS RAEE— AR EESEIEFHETEL
B\ e LET. SOCKPESEOMRELR D ¥ LB L, B
MEBELRE CHESRAERATRT Y 1 VA BHBEMLCHEHEL
T,

¥, ERTOEEO—Hik, #FS4EAREFELBS (1995 £, KW
;) W TRELE.
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Abstract

Membrane-type marix metalloproteinase-1 (MT-MMP-1) is the activator of inactive pro-geratinase A (latent MMP-2)
that is one of the matrix metalloproteinases (MMPs) responsible for the dissolution of extracellular matrix (ECM). It was
known that overexpression of MT-MMP-1 stimulates invasion of cells in vitro. Therefore MT-MMP-1 is believed to be
crucial for invasion and metastasis of cancer cells in vivo. In the present study, I investigated the effect of transient
expression of MT-MMP-1 in cancer cells and the inhibition of that to invasion and metastasis in vivo with experimental
metastasis assays using mice. HT1080 fibrosarcoma cells expressing both MT-MMP-1 and MMP-2 mRNA and Madison109
lung cancer cells with the expressions of neither genes, were transfected with the expression plasmids for MT-MMP-1,
antisense MT-MMP-1 (AS-MT-MMP-1) or only vector plasmids (control). Each transfectants were injected into the tail
veins of mice, and the DNA were extracted from the cultured transfectants and the mice's lungs at 5 days after
transplantation. DNA extracted ; 1 mg were amplified by PCR and detected by Southern blot analysis. The ratios of detected
plasmids in total lungs / injected transfectants were given by a bioimage analizer and calibration curves of radioactivities.
The results of the experimental metastasis assay that the ratio of MT-MMP-1 transfectants (MT- transfectants) was
significantly (p<0.05) higher than the control in both cells. And the AS-MT-MMP-1 transfectants (AS-transfectants) ratio
was significantly (p<0.05) lower than the control in HT1080cells, but there was no difference in the Madison109 cells. In
another studies to the transfectants of Madison 109 cells, the measurements of nodule numbers on the lung surface at 10 days
after tumor transplantation and volumes of subcutaneous tumors were performed. As a result, the mean numbers of lung
nodules by MT-transfectants was more than the control, and the expressions of MT-MMP-1 significantly (p<0.05) enhanced
the s.c. growth volumes compared to the control during the early periods after transplantation of their transfectants. These
results mean that MT-MMP-1 accelerates the potential of experimental metastasis and invasion by activated MMP-2 in vivo,
the inhibition of the function of MT-MMP-1 can control invasion and metastasis of some cancers.



