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Bl R v 7 AXyasSar 7 —¥ MI-MMP) EEMBICI S
R AL EE D 7

SIRASED AT IS S R F S FIBAS RERE AT 2 0 8 (B1E L AT AR
z K - %

B~ 1) vy AAF T FTFT—+¥ (membrane-type matrix metalloproteinase, MT-MMP) IEEEEIC e MR
2630 | 72kDa-IVE 2 5 7+ — ¥ (matrix metalloproteinase-2, MMP-2) MiEtE(LE T & L CHRORHE - R ICERLBHR LR
TrEATWD, AR T MR A A VT MT-MMP R Bl 12 & 2 $iiast R 5, MALREOMBEMAT Lz, In
F T2 B T S 35O MT-MMP (MT-1-MMP, MT-2MMP, MT-3-MMP) #B#lfatk e Bt LEn 6037 -7 7L
SR BEEE R A L7k 2 A MT-1-MMP BRI SHE N & R L 220 REMI 8 WS L 2R S ko7
MTLLMMP AT & 535 —4 ¥ 7 LA EIE MMPHEEIIHER T % BBMIC & W E&IZIRl s N, —HIhboM
ML B AMANTF NEEBLUE T F U AMBER R L 2 A 35— 5 v VLSRG & L VRIBRRE R L. N
MT-1LMMP O B 8 SR 0 EE % MRET T B 720012 2 O E KK L 724 Rk A MT-1-MMP #3308 % 48 7.1 L MT-1-MMP %
P L L7 & 2 AAMDLLIMMPRIBMIIZE LBV I T -2 v r VB I OE T F ¥ FIHER LR S 2o AT e
BT F FREIZH LTI M I-MMPSERABIGEWEEET B LT L 7Aoo TMT-IMMPIZ L 25— v 7rn, €
S5 EOESTEEOMEICIEMT-1-MMP 2 BERE 2 2 L CHRE 0 E 0 EIRIIRIET 2 L8 H 5 2 LAUR
MR FAMTLIMMPIZ & 3 EFF 3R MMPRLER T (tissue inhibitor of metalloproteases-2, TIMP-2) {2 & = TH
HENATIMP-1 CREZE SN2 2805, MT-IMMPIZ & - TiEMA L S/ MMP-2 X b & LA MT-I-MMP B 5
BEREEDN I ONRICES T2 I EARR SR,

Key words membrane-type matrix metalloproteinase (MT-MMP), tissue inhibitor of

metalloproteinase (TIMP), collagen gel, type I gelatin, fluorescent peptide substrate

T E IR L, BT A 7o I3 S
A7 o TR )T = LxiFiud s s hnt, & )biTiiki e
R v Z A (extracellular matrix) O —TEHET & 5 KEIEEE O B
PARARTHL., EERINMaS - eEglEel, 7
Iy, ~NST UTRER, ST A S n s EPLHEREND.
L 7S o TR A B AR 2, T BBBIIB VTS
ONEaF =7y OFMHPEETHL? Y.

CONMIT— 7 rO8MERI R b v s ARsT T
O 7 —¥ (matrix metalloproteinase, MMP) OH O NVEI 2 T &7
F—¥THs. VEaI»yF—LiZi3z¥7 75+ —YA (72kDa-
VEl 2545 —E/MMP2) £¥5FF—+¥B (92kDalVIl 2 5
2 —H/MMP-9) O 2RI H SN T WA, LA TLIRE
MMPZ%)“#‘E@Ei&T ERICEE R RE R R TEELLNT
VW399 D4 TOMMP & FkIC MMP-2 3 BRI & F572
&b\igtﬁl_ﬁﬁét LCHlfad v oW sh, BHREREICRIEY

LEH )y 7 AXAFTFOF T —+¥ (membrane type-

MMP, MT-MMP) 12 & = TiftEfb &8 h 7.

FR 104 3 A 31 HEAF, FH104E 4 A 22 H%H

HfE T TR 2 MT-MMP & L C3fEm#in+ (MT-,
2, 3-MMP) 7)‘7U—-—/7 ERTBHY O, FnH0T I/ M
RENEAHEIZHS0%NMEEEZAF LTV, & DOfEHEIIho
ST MMP ATV FEAE L 2 W IR BB AR R 77 0L R % & A
IR, T OSERE AL CHIaR KRBT 5 0.

MT-MMP iZ MMP [H % F (tissue inhibitor of metalloproteases2,
TIMP-2) % /- L CMMP-2 &4 L3 BAKZIERT AL (2
Rk  MMP-2 % G4 5 29, £ 7: MT-MMP 1$3#l180
B RE (nvadopodia) (2RTE LA EE O 72 0 O MIKLYHE
oS T A,

AF2E T 13 3EE O MT-MMP D #5435 5 e B L UR
AR EMRE L, X 512 MT-MMP o #lHa 15 5% i s o) #E
FDREEREE HTRET L7,

MNERE L UHE

I. #fakgE
1. fEFME & 2 DRBERMT

Abbreviations : BES, N, N-bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid; BSA bovine serum albumin; DMEM,
Dulbecco modified Eagle’s medium; FCS, fetal calf serum; MMP, matrix metalloproteinases; MT-MMP, membrane-
type matrix metalloproteinase; PBS, phosphate-buffered saline; TIMP, tissue inhibitor of metalloproteinase; TBS, Tris-

buffered saline
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AL Mg e b Bl skMie KKLS, + X & Lk
MDCKT® 5. #1310 % ME1FMmiE (fetal calf serum,
FCS, Hyclone, Utah, USA), 0.2mg/ml &5 <1 ¥ ¥ (Fl3%k,
KB A TRHICEHOBEVWE SISO FA W) &4
HF NNy TEEA — F VL (Dulbecco modified Eagle’s
medium, DMEM) (B, ®F) (2T37C, 5% COHEEFT
HEEL.

1. #EEMWRICH T3 MT-MMP O33R

1. M-MMPHHEN 7 ¥ — DOk

BHE~ 2 % — 3 pCEP4 (Invitrogen, De Schelp, Netherlands)
FHVZ. SONZZ—1E, L M A N AFT Y4 L ADKS
Lh7O%E—%—%f L, Epstein-Barr 7 1 )b 2 O BB A4 5,
FOBBPAEETTH L EBNAL# L b A O GG AN TOE
AT TH D, stk Bs01Ic8LTws,
fz, SOBBRZ §—1ZENA 70w 1Y VR ETFHE
NCEY, N 7Iv AL r e BURIEIC CRE T EAM
MERIRT 22 EAFMRETHZ (M1A). ZORZ & —12, K
IBIZR$EIRTEAL TYI 0 & 2 MT-1, 2, 3-MMPcDNA % #

EBNA- 1
OriP
pCEP4
10.40 kb
SV40pA oy~
Sall
Ampicillin — BamHI
PCMV Hindili
Kpni
) Nhel
ColEt TKpA Sall Nhel
Ptk Hyg Noti
Pvul
Sfit
Xhol
3 =
R oy
a E MT-1-MMP m
2.5kbp
S 5
3 3
b sy MT-2-MMP i
2.1kbp
; =
5 oy
c X MT-3-MMP q

2.2kbp

Fig.1. Construction of expression vectors. (A) pCEP4 vector.
(B) MT-MMP ¢cDNA. MT-1-MMP cDNA (a), MT-2-MMP
cDNA (b), MT-3-MMP cDNA (c) fragments were inserted into
the multiple cloning site at the indicated restriction sites.

DINVF U= 5L MIEAAAEE TS A3 FE L
(X 1B). HMMEE@EER* KL LZAMT-I-MMPRER 75 2
I MiAMT-1-MMPcDNAD 536 FBHN 7 S =% A by 73 F
VICBRTAZEZ L o TR 7.

2. 75AI NOKERE

I-1.THOLHNZTFAY FTREERS W KEBE XLL-
Blue #: % 2xYT#5H [ M) 7 b > (B3, TUHF) 16g, BT 2
() 10g, WL+ w4 (NaCl) 5g, 7 ¥ > (FI%,
KB 50g/1, pH7.6] 250mliZ-T37°C, 12MpRiksE L7z, g%
HTH, ZLICTHBEL, B % [50mMTris-HCI,
10mMEDTA, 100u.g/ml RNase (Sigma, St. Louis, USA),
pH8.0] 10mlTHE L 7=, MBI 7 05 ) 0 [200mM 7k g
ft+ + 1) 74 (NaOH), 1% SDS] 10ml % 1 2 TR T 55 Mk
BLTHEZEBRLZ. ZORGHIZSMBEEEY Y 74, pHS55
Z10mlmA, 105k& LTl# it L, &L Citil% %
F L7:t%, Li51210mg/ml RNase # 150,.1M%, 37°C, 304
M RNA%Z W 1t L 2 ¥, QIAGEN-tip P500 (QIAGEN,
Chatsworth, USA) #5 LIZEE L72. 75 2 3 FDNADWLE
L7277 4% IM NaCl, 50mM 3-N-E Lok /-7 080 A5k
VB, 15% % /—1, pH7.012T2E#%%#%, 1.25M NaCl,
50mM Tris-HCl, 15% X% /~J, pH85I2T7 5 X I FDNA
EHEM L7z, 7923 FDNABHBIZEED 4 v S0 —
VEMATRRML, 3,000pm, 30558 LLT7IA3I K%
B &7, 79523 FOikk% Tris EDTA (TE) $BHi
(10mM Tris-HCl, 1mM EDTA, pH8.0) T lmg/ml DIz
#H L7,

3. EEMBAORBIZETEA

K s (KKLSHIRE, MDCKMIE) % 35mm 75 AF v & 5
1 v 2 (FALCON, New Jersey, USA) 124 1.0 X 10°E/ml ik
T5%FCSHDMEM 2mli2T37°C, 240 %%, Chen 520
DB A Ny MEERCCEETFEAZT-29, AL, 7
7 A X FDNA2.0pg % 0.25MIE1L 4 )L > 7 4 (CaCly) 100 142
RAL, ZORAHIC2HEREN, N-EKA- Qb Fofos
W)-2-7 3 /-8 ¥ Xk VP [N, N-bis (2-hydroxyethyl)-2-
amino-ethanesulfonic acid, BES] #&ffi i (280mM NaCl, 50mM
BES, 2.8mM ) Y EK#ETF MUy 4, pHT.9) 10041 %04, %
T 204501, KIZ37TCTEHIRTI00MEE L7214, LR
HIVZ TN Z COLMEBE3 % DA TFIZTITC, 24 MM REgE L 7=, BF
F#fk, /N 7 A (Hanks balanced salt solution) =T 2 o] #%
L, 5%FCS lIDMEM 2ml T 37°C CTh & L 7=,

4. FEbiE s B RO

BIZTEANRT2HEBICEREEZ M V0~ (22 B (F
JE) 200 g/ml & FCRIREE M ICA X, B2 WS ET L k2
SO BETEAMIEE S, MT-I-MMPEZ T ORE, BE
EEA DT O i crEgl L7z,

5. ¥SFIWAETTT 14—

BEFEMIN % 35mm 75 AF v 774 v ¥ 2 (FALCON) 124
1.0 X 10°M8/m] D& T 5% FCS i DMEM 2mli2T37°C, 24
BRI L, ZOBEBRHEEIREL, NV 7 AWICT2EES
L, EMm#FEDMEM, L <{i310%FCSH DMEM % 1mlilz,
AR EBOB R LEERA L L. B2 amn
[50mM Tris-HCI, pH6.5, 10% 7V ta— N, 2%SDS, 01%
JUET x /) — )7 )~ (bromophenol blue, BPB)] &% &R
ML, 37CT30HIMBLARE, 01%ESF28010% %)
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T YNT I FPIVTSDSPAGE 21T » 7z, kB TH, 7N
#25% T4 P X100 T30 EEBRT2EEE L, D%
5 FF — YRS [50mM Tris-HCl, pH7.5, 150mM NaCl,
10mM CaCl,, 0.02% 7 Y1k F VU 7 24 (NaNy)] (2T377C, 24
BrERG S, KISk, YV el 30% 25/ -,
10 %EERE, 03%2—<A 7Y )T ¥ b7 N—-G-250 (Sigma
Chermical, St. Louis, USA)] {2 CTERT5RMGEE L, 30% A
¥ =, 10%EEERIC TG L CRIgEL 7.

. #@EFEAMBIC S5 MI-MMP OFIR

1. MREREORE

I-4. TESNHMEGELPBSC2MkH Lk, 7
=Y AT TR, MEARHE % 4°C, 1000rpm, 547
M0 L CHIRE R 5, MR [50mM Tris-HCI, pH7.4,
5mM EDTA, 50mM NaCl, 2.25mM Dithiothreitol, 0.02% 7 ¥
it+ FY ¥ A (NaNg), 0.5% /7 =7 v I+ (Nonidet P-40),
5pg/ml 7 v L7 = = )b A F )V A )bk =)k (phenylmethylsulfonyl
fluoride) & & & 12 Dounse Bk € ¥ F 1 ' — (WHEATON,
MILLVILLE, USA) (2 CHIlE # miFe L7, MIMEHRE47TC,
10,000rpm, 30 4-FE.L L, RNEHERELL.

2. YIAYrTO ME

M-1.THBIy >Ry 8ELT20,g % E&UHAEREE 1-5.
OHEERETHE L, SDS-PAGE 4T o 7. KEIED TV %
NA R ¥ F-ECL7 4 V% — (Amersham, Buckinghamsbhire,
UK) 2B L, b)) ARECAEEAIEK (Tris-buffered saline,
TBS) il 3%E1iE 7 V7 3 > (bovine serum albumin, BSA) 12
TERTIEM 7Oy 7Lk 0T, 7407 —%H
MT-MMP#ifk % 5. g/ml &1 TBS-3 % BSAIZ TR T 12 TR
KIS S, Bk, 7409 =% CEEREHLARAEK
(phosphate buffered saline, PBS)-3% A ¥ 4 I v 7 (Gibco,
Detroit, USA) T L THETHERLEF F L ¥ —F
(horseradish peroxidase) #&#11gG (Cappel, West Chester,
USA) 5p.g/ml % & PBS-3% A% 4 IV 7 TEiRIZ T IREX
BE. 74T —FPBS3%AF L I NS Tk LR,
ECL VLA ¥ » 70y F 1 ¥ 7HRAE (Amersham) TS &
#, 19BBET 4 Lo~k L.

V. EEMABEC ST 335 -5 S AADRBEOFHE

1. 25—7 Y rVOER

TEO VT M)y s A AT ITAFHETF Y, KD,
2740 NaHCOs % & % %2\ 5xDMEM, 1&D27—7> - 7b
T HER BB E A [2.2% NaHCO;, 200mM HEPES, 0.05N
NaOH] #Xkh T {RML, 12Rv 1727 Lb—F ({7 F
HIFA, FE) 21T oY imlaEL, 37C, 305 B
- ab R N R oD | =LAl

2. HRaREERE

KRIS#HIfzIz BT, N-1.TERLAa -7 I VR
1.0 X 10*/ml B34 Lo la iz ImlEE L, 37C, 5%
COBEETTLHEMBERLRT/Z., JOBEERIZ23H 1M
AL LTz

MDCK#lgIZ BT, 17 = hdH7z ) 5.0 x 10MEOHIE %
V-1.TERLa2S =47 v ImlicEL, 37C, 304H
MR LA MLk, BEREY ImlEB L, F/HKIZ37T,
5% CO.fEAE T CLAMBEL 7z, BELARRICon=—
DREREELBIEME (F) Y8R, ®HR) ICTEEL, <
4270 A—F— (F) YRR LTEEBIOCEELEML,

FOEEb->Tan—DOREIE L. &8, MMPHEY
D BB I3FBEE () Ly oFEh.

3. MiRROEES & Ut

EEREEEL, 2OV VEI0%Y) YEEEH RV L2

~
kDa

MT1-MMP GMT2-MMP cMT3-MMP cMT1-MMP
(113-15E7) (162-4E3) (117-4E3) (113-15E7)

MDCK KKLS

R,
S a
T &
g8 73

=&

g Vv

MDCK KKLS

Fig.2. Detection of MT-MMP gene product and its effect on
pro-gelatinase A activation. (A) Western blotting. Cell lysates
were prepared from MDCK cells transfectéd with vector
plasmid (lane, pCEP4), expression plasmid for A MT-1-MMP.
MT-1-MMP, MT-2-MMP and MT-3-MMP (lanes; & MT-1-
MMP, MT-1-MMP, MT-2-MMP and MT-3-MMP, respectively)
(panel, MDCK) and KKLS cells transfected with vector
plasmid (lane, pCEP4), expression plasmid for & MT-1-MMP
and MT-1-MMP (lanes, A MT-1-MMP and MT-1-MMP,
respectively) (panel, KKLS) and then were analyzed by
Western blotting as described in “Materials and Methods™ .
(B) Gelatin zymography. MDCK cells transfected with vector
plasmid (lane, pCEP4), expression plasmid for & MT-1-MMP,
MT-1-MMP, MT-2-MMP and MT-3-MMP (lanes; &AMT-1-
MMP, MT-1-MMP, MT-2-MMP and MT-3-MMP, respectively)
were cultured in DMEM containing 10% fetal calf serum
(panel, MDCK). KKLS cells transfected with vector plasmid
(lane, pCEP4), expression plasmid for A MT-1-MMP and
MT-1-MMP (lanes, A MT-1-MMP and MT-1-MMP,
respectively) were cultured in serum free DMEM for 12h
(panel, KKLS). Conditioned medium (15,:1) was mixed with
SDS electrophoresis sample buffer and separated in a 10%
polyacrylamide gel containing 1 mg/ml gelatin. After
incubation for gelatin digestion, the gel was stained with 0.1%
Coomassie brilliant blue R-250 as descrived “Materials and
Methods” .
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THEER, BEOFETNT 71 oML, HEREET- 7.

V. EEMERIC & S MMENEE O S RREED ST

1. BT T FEBE O REE

MMPEEFRIEM (G2 H & L C Mca-Pro-Leu-Gly-Leu-Gly-Dpa-
Ala-Arg-NH2 (Peptido Inst., KfR) # HVWTRIELL. 0k
HEMMPILE o TUIMTEN AT EIZ L DR HT 2.
MDCK#ifi % 356mm 77 AF v 7 51 v ¥ 2 (FALCON) 124
1.0 X 10°48/ml D% BT 5 % FCSH DMEM 2mltzC37°C, 24
B L, TOREBEREEREL, YLV YLEEL PR
S e AEK (20mM Tris, pH7.5, 150mM NaCl, 10mM
CaCl,, TNC) IZC2[IFEIEL, 74 v 2 1di) SHEY
1M % &1 TNC 500170 37 C TR R, 0.IMBEEEET U ™ 4
(pH 4.0) 2.5ml TEEE G EAFIL S 272, R7F FOSMIZ L
o> THRNLHEE T REORERT (H, HE) 2HWT, W
ik 328nm, MMIETR393nm IZ CTEFDEEIEEWE L.

2. ¥5F e

MDCK#iE % 35mm 75 AF v 7 74 » & 2 (FALCON) 2
#1.0 X 10°18/ml D % ¢ 5% FCS i DMEM 2ml 2 C37°C,
UMEMEEE L2, ZOBBEEEKRIL, TNCIZT 20wk L,
FAv T alBMBHY)ETF 2 20ug % & TNC 200nlH37°C
TLOMEMEER L., B bEEs YL 570 —-C3, CL

30

25

[\
o

—_
(%

Fluorescence intensity

10

0 . . .
0 20 40 60
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Fig.3. Degradation of fluorescent peptide substrate.
Fluorescent peptide substrate (1 nM) were incubated with
cells transfected with vector plasmid, expression plasmid for
MT1-MMP, MT2-MMP, MT-3-MMP and &A MT-1-MMP in
TINC buffer at 37 C and the fluoresense intensity of reaction
products was meseared by fluoresence spectrophotometer.
O pCEP4, @; MT-1-MMP, 4; MT-2-MMP, A; MT-3-MMP,
0, AMT-1-MMP.

(MILLIPORE, &) (2T4C, 9,000rpm T 305504 5 =
CATL D IRAE L 7. BMENCE T-5 BRI 20,1 TR
L SDS-PAGE %17 - 72 -5 . O et iR T30 4t - ite
L7

3. TIMPIZ L B¥ S F > HMEDIAE

MT-1-MMP 33 #ila % Fv C TIMP-1, 212k 5 €5 F 4
BOMELRIF LA, BLV-24280WTF s v iallhi
D TNC 200pl, ¥5F »20ugiz)a > ¥+ > b TIMP-1,
TIMP2% ZHZN1 gL 37T, 5% COFEIE T T 6 e ks
HLZZRICABICSDSPAGE #4772, LBy av+t v b
TIMP-1, TIMP2I3E HERTE ) FHEMLELEL 555
nz-.

A, 123456789101

al
94~
77-
68-

55-
43-

BkD312345

Bt

ol
94-
77-
68-

55~
43- |

Fig.4.  Degradation of type T gelatin. (A) Type 1 gelatin (20,:g)
was incubated with cells transfected with vector alone for 1h
and 6h (lane 2 and 3) with expression vectors for MT-1-MMP
(lanes 4 and 5), MT-2-MMP (lanes 6 and 7), MT-3-MMP (lanes
8 and 9) and AMT-1I-MMP (lanes 10 and 11). Supernatants
from each culture were concentrated and subjected to SDS-
PAGE with type 1 gelatin (204 g) as a control (lane 1). (B)
Type I gelatin (20 g) was incubated with cells transfected
with vector alone for 6h (lane 2) and expression vector for MT-
1-MMP (lane 3). Type 1 gelatin was incubated with cells
transfected with MT-1-MMP expression vector in the presence
of 1 X 10 "M recombinant TIMP-1 and TIMP-2 (lanes 4 and
5). Supernatants from each culture were concentrated and
subjected to SDS-PAGE with 20, g type 1 gelatin as a control
(lane 1).
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. MI-MMP & & UAMT-1-MMP B FEAMBOEY
DHEBE L UEEES

1. 9Ty 70y hE

MI-1.T#E &N % MT-1-MMP, MT-2-MMP, MT-3-
MMP 2§ 28 7 0 — L Hifk, 113-15E7, 162-4E3, 117-4E3
FHAWCEFNENY LAY 7O v T4 T %iTo7. 113-
15E7 Tii, MT-1-MMP & AMT-1-MMP O A 45% 1L 21 63kDa,
57kDa® /3y F & LTHRE &7z, 1624E3 ¢TI MT2-MMP @
AHS70kDa DN ¥ K45, 117-4E3 T3 MT-3-MMP O 455 66kDa
DNy RELTHRE SN, pCEPAEAMIRIZ EoHifke K
oL eho7z (H24).

2. ¥SFUHFARSTT 4 —

ESF ARSI T4 —ZBRERERIT 7 INT IF
FVERIKEBROS VR TOY S F OB L VIR 25
ETH Y, JEIER MMP-213 68kDa, iH 1L kIE 64kDa,
EMALENZ62kDad /Ny FE LTHN S, KKLSAINL B
DOMMP-2 £ 53 L TV A2 2" MDCKMIZIZ HH L T, L
72455 T KKLS#IAE T3 MT-MMP 1= & % A ¥ MMP-2 1541
DEENEFNETH2DICFCS % &H LV DMEM & L 72,
—7, MDCKMIE CIZEER MMP-2 % &HF 4 5 FCS: &t
DMEMIZ TERR* 1T L7z, MT-1, 2, 3-MMP %3 #llg T
MMP-2 5 AL E % lLiMET 4 5 &, MT-1-MMP, MT-3-
MMP ZEMAE TIE MMP-2 DFEEEFRD o AzDIiZd LT
MT-2-MMP FHMAL Tl FHA LB MMP-2 (33l kb o 7z,
AMT-1-MMP 5 3 #082 T 1% 64kDa O MMP-2 i5 L b R &
AMT-I-MMP B & D ¥ J F ¥ HEIEMHEIZ K B 5TkDa? /N F
IR E 7z (K 2B).

I

1. MT-MMP 3 & ' A MT-1-MMP SRS & 3 s
HEENOHR

1. BETF FEE DR

MT-MMP B X 0'AMT-1-MMP 5% B2 B1F 5 MMPRES
R SRR TF PEEOMEREIC L ) FHE L 722, pCEP4 53
AAIZIFE AL ZOEERTF FEEEZ SR L 2 nolisL
T, MT-1-MMP %3 M svaoHaE2R L7z, MT-2, 3
MMP % B Tl MT-1-MMP 33 ML 0 1/2 T8 B O 53R HE 4
KLUz, F7:, AMT-1I-MMP S35 IE MT-1-MMP 5 B #ilg
LRBEDOEVIHEEZR L. (X3).

2. ¥IF LN

MT-MMP 8 X *AMT-1-MMP 5B AL - 81T 5 MMP R %
TS F M L VRS L7, pCEPAREA Loy
PO =L TIEE A RIERRD SN h 5 72D LTMT-
1-MMP 5 BMABIE 1 MIBIZE S T o D a N> PR LK
&, 6EREICIZEEITHETL VI MY T F U RS
RL7z. MT-2, 3-MMP Z# ST 6REHIRIZL 9 a2y
FAE% L, MT-I-MMP SEMIZZ L Cov ¥ T 5 & 53
EMEERL 72, AMT-1-MMP S EAIIRIE MT-2, 3-MMP 78 5
Ho b AREOHE T F G R L7z (G4A). MT-L-
MMPRBHMKEIZ L 2¥ T F 9 MIEMMPHEYETH L
TIMP-1 TI3H EIZFE S n o 72A%, TIMP-2 Cldsesiziil
E a7 (H4B).

. MT-MMP-1 OSBRI DR HEEE

1. 35— A~0idiH

KKLSHINa 2 29 — 4 > 7 T4 % &, pCEP4#E A
¥ o — LHiEE B & A MT-1-MMP 5 BUHHIE CHE A 7 v
LCHEBICEAREEML . —F, MT-1-MMP 563l ¢l
Mahas =4y vicgil, BEfSTRas—-ror

Fig.5. Cell invasion into collagen gel. KKLS cells transfected with expression plasmid for MT-1-MMP and its deletion mutant AMTH-
MMP were cultured on type I collagen gel for 7 days in the presence or absence of MMP inhibitor BB94, and then the gel was fixed and
stained with HE. (A) pCEP4, (B) AMT-1-MMP, (C) MT-1-MMP, (D) MT-1-MMP+ BB94 (1 X 10~*M).
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MT-MMP 8Ll & 5 MRt 255 o 5% 189
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Fig. 6. Degradation of collagen gel. MDCK cells transfected
with expression plasmid for MT-MMPs were cultured in type
I collagen gel in the presence or absence of MMP inhibitor
BB94 (1 X 10 ¢ M) for 7 days. A: (A) pCEP4, (B) MT-1-MMP,
(C) MT-2MMP, (D) MT-3-MMP. B: (A) pCEP4, (B) AMT-1-
MMP, (C) MT-1-MMP, (D) MT-1-MMP+BB94. (C) The
diameter of the spaces generated by degradation by MDCK
cells transfected with expression plasmids for MT-MMPs was
measured by micro meter.



190 Z

MEELLOMENTOL0NEEESZ. 20 #EIEMMP
HEM A~ v ¥y —Td 2 BB THRAEIRHE E L (15).

2. 3542 VR TR

MDCK#fa% 05— 4 v ¥ L THET 5 &, pCEP4EA
Iy bu—UHIRE M R R L CHEsE L 2. — T, MT-1-
MMPSEMDCKMIAIE T 5 — 4" > 4 s 2218 % TR L
W FOPTEICITIZERE IO L2, MT-2, 3-MMP %348,
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Abstract

Membrane-type matrix metalloproteinase is frequently expressed in human tumor tissue and is thought to play an
important role in tumor invasion and metastasis as an activator of 72kDa-type IV collagenase (matrix metalloproteinase-2,
MMP-2). In this study, we analyzed the mechanism of extracellular substrate degradation and cellular invasion using an in
vitro cell culture system. Degradation and invasion into collagen gel was investigated with cell lines expressing the 3 MT-
MMPs so far known (MT-1-MMP, MT-2-MMP, MT-3-MMP). Cells expressing MT-1-MMP showed high activity while the
other 2 cell lines expressed only faint activity. Degradation of collagen gel by cells expressing MT-1-MMP was interfered
with by the MMP specific inhibitor BB94. Degradation activity of these cellines against synthetic peptide substrate and
gelatin correlated well with collagen gel degradation activity. To analyze the function of the carboxy terminal transmembrane
domain of MT-1-MMP, a mutant MT-1-MMP truncated at the transmembrane domain (A MT-1-MMP) was stably expressed.
Cells expressing AMT-1-MMP showed weak collagen gel and gelatin degradation activity, but they digested synthetic
peptide substrate with comparable efficiency to cells expressing normal MT-1-MMP expressing cells. This suggests that the
degradation of high molecular weight substrate by MT-1-MMP on the cell surface requires specific localization of MT-I-
MMP mediated by the transmembrane domain. The fact that tissue inhibitor of metalloproteinases (TIMP)-2 interfered with
gelatin degradation by cells expressing MT-1-MMP, while TIMP-1 did not suggests that degradation of gelatin is mediated by
MT-1-MMP itself, rather than MMP-2 activated by MT-1-MMP.




