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FLWERI<= ) w7 A AR 2T F—H
(MT-MMP) D& T BB & BEsE D EHT

SRAFEZIMER 0 EABEHRE (EE L WERFEED
wm T B A

~1FY oy ZARARBTEFF—+1 (matrix metalloproteinase, MMP) i3 R EeiEB e s CHilgst =1V » 7 A
(extracellular matrix, ECM) # 3@+ 5 BEELBETHS. BEI T IBORLIEETC L -T2 - Fahd MMP A&
BRTw5., Linl, ECM OEMLHBRERNDRMCSIMEN DI, SHITKRMD MMP 2B8E LTV TR L &
3. ¥, FEMEEHE G MMP-2 (BT8R MMP-2) OERRT L L THRER SO MMP 2VZE3h T\ 2. LORER
o MMP BET R EET 572510, MMP BT BEEATVAT ¢/ BEICRIET A EAT 71 v~ — 2 AL THEF
PCR (reverse transcribed-PCR, RT-PCR) #4475 Z &1z d , B4R TRBR L T2 MMP BEFOMEET 7. 1
iEX7 DNAWiHETFA FR2Z 2 —ZHAL, 16827 =~ ®D DNA BoO A e Lz, 1122 = — v i3EE410 MMP #{E
Fehh, BBEEGL HESRS 7 e — it MMP EET LAREXHEOH LVWRETFO cDNA BTi Lt Bbhk. 20
cDNA WiH&7m—7LLTe Pl cDNA 5473 ) - A2V —=v 7 LR, 34k 5 # %t (base pair, bp) @
cDNA #787-. 3.4kbp @ ¢cDNA 75135827 § VBh bz s BHEN = — FINBA—FT v ) —=F 4, v 77 Vv—2aBRVHZ
iz, FEIhLBETFEDIESD MMP LR P A4 vl ED, 85 v ARBECHEE Y BRT 501+
e ADBUKNE 7§/ BEASEGE L S GRS E B E) 28 LT\ o, C ORI BRI BEM O I E MMP 1212
BELEW. W2, ZOREFEYYER MMP (membrane type-MMP, MT-MMP) & &% L 7. MT-MMP &EFEDIL
WEFEAMBE,»S 63kDa DEE L LTHRESH, RECRAERRC I VHRRACRRET S Z LAMA I,
MT-MMP ZEAEANTH S Z &b SR O AR MMP-2 FE#{LRF & LCofErmEL. TOKE, MT-MMP RH
X b ETERtE MMP-2 (66kDa) \&iEM( btk (64kDa) %2 TiEMEE MMP-2 (62kDa) CEBRINAZ Enb, MT-MMP 2
ZOFERE MMP-2 IEH(LEFTHS Z RS nT.

Key words extracellular matrix (ECM), cancer metastasis, matrix metalloproteinases (MMP),
membrance type-MMP (MT-MMP), gelatinase A (MMP-2)

N P——

#hast= r Y 5 7 A (extracellular matrix, ECM) (358l
DA L BT A ROYEMER L LTEV T 5. BRI
ECM O—HEETH HEBRIIEMBEOME~0RE, nEMAN
~ADRA, MBENDBHOBICERcERE L /s> T2,
RO EERBEC L TEMRSEEERER RS
L, SCTEEBERKS 98 LESCEIRy BE T2 £
W5 3B BRIE X HRhT\D.

ECM BRI ¥ 5 RTHBRIBEHEIA TV B,
HmTh< Y v 7 A A EE T BT F—4H (matrix metallo-
proteinase, MMP) 7 7 3 U — 2 TN AEERBENBEBICE
BEThHAHLEL LN THB™. MMP I RNEW B RTER ARESR (B
Bk MMP) & LTt sWans. £0 25 balklE
MMP-1/E = 5 ¥ — €, §i8{E MMP-3/A tr 2 51 ¥
V-1, BER{E MMP-9/€ 3 F >+ —+¥BMi75A2 v, VS

PR 6412 14B 524, PR THE L AIORRE

YUEDEY VIR T -l Sk D IEREBRICER I
A5 LABEINTLAY. LaL, AiEkE MMP 04 &R
BT AEN(EEEBC I AT AABIN T I THS.
H7E, MMP 1B 2BEFRI-Ta - V3R T154D
NOBHEINTVLBY, Lal, ECM EBHEROEREEYE
%2%5&, ECM # BN+ 21 E 2 52 L MMP 23
MELCTVAEREMR L HD . Fio, KB MMP EfEE LTH
LXNTHTHESEFRRAERLOLEETHY. T TE
ZIZLLTD & 5 7e FETEH L MMP BETFOREX AR,
T, MMP Bl 7 3 2 BEFIVEEERA TV
FHICET L, ZORBICHIETAREA ) TR LAF R
FELLY., ZhEd 7514 =—ICHVTHEE PCR (reverse
trariscribed-PCR, RT-PCR) ¥ %17\, MMP &&= T % HiET
BIECLOH LW MMP #EFEHRELE.

Abbreviations : BBS, BES-buffered saline ; BES, N, N-bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid; bp,
base pair; BPB, bromophenol blue; BSA, bovine serum albumin; Con A, concanavalin A; DEPC, diethyl
pyrocarbonate ; DMEM, Dulbecco modified Eagle’'s medium; dNTP, deoxyribonucleotide triphosphate; DTT,
dithiothreitol : ECM, extracellular matrix ; FCS, fetal calf serum ; GAPDH, glyceraldehyde-3-phosphate
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HWEE LU FHE

. #farEsE

1. EAMEE T oRETE4t

ERLCERERO > be DAY LM 0SC-19 #lit
LEELD, b MEMEEHR HT1080 i, & rBAEHX
U-20S #ifw, SK-ES-1 #iKa, v b EERESRE T24 #fa, v MR
#% HEp-2 #Mify, = + Bk KKLS #Efa, NKPS i,
MKN28 #ifg, & hFifE PC3 MifE, v ' EMHEAEHRE
A3T5 MifE, e » BRI R ESk U937 ke, e RS
#ife HEL kg, ~ v A f&#EF#ln NIH3T3 #fe, SV40 2T
HERGERIhLT 7 ) 2B LV BEMR COS-1 MzeTs
RREDBAFEFR 7 ANV ABEREER L 05 Shiz, LD
MR 2T 5% FMFMmE (fetal calf serum, FCS, Hyclone,
Utah, USA) n & v~y a1 — 7 0 8 (Dulbecco
modified Eagle’s medium, DMEN) (A&, EH) =T 37C,
5%CO, FFfE T THEzE Lz,

I. RT-PCR &%

1. & RNA O

EfR 15cm OMMgEE{A T + » = (FALCON, New Jersey,
USA) @ TRBR A IR E— TS L7eRE T, 10mM U v Ebkg
% (phosphate-buffered saline, PBS) T 2 E¥t#% L, 10ml
DD UM 77 =2 vF+v 75—+, 25mM 2= v@g+ b
Vo a, 0UIM2-AhF b=/ —n, 056% N-5 v a1 4
NV UBF MY Y L) EMATHFORBE L. BB LM
Bhe, 1/10880D 2M Belg+ bV v 4, pH40, | BEOKE
7=/, 1/5BBD7ruafiNa—q4YTILTL
2= 49 1 BABZIERM L, TN LB LTS5 %S
Lic. BOSBELAEKE (LB)WEBO1 Y Fraty — s
x, E<EMLT —20C <1 KRIHKE L. 4C, 10,000rpm,
2050 L CEERE Tk, Y 0.5ml ODETHHBER
LTEEDA Y 7o) — A% X THIMRD L 51 RNA %t
BIel. BRI =F L ah KR —+ (diethyl pyrocar-
bonate, DEPC) MLEZKZEKIZTHEBEL, 7 =/ — L, =%
S —NEBETT 572, RNA Oii% DEPC MBS K THmE
LT 260nm DRIEEALPE LKL RNA BELRME L.

2. REBEAN cDNA &1

0-1. THi L7z RNA #8# L LT cDNA 8% 4T -7,
Ficih, RNA 2ug % 70C TIOHEW X244, [50mM
Tris-HCI, pH8.3, 75mM #{t» v 7 & (KC1), 3mM (b~ 7 »
v h (MgCl), 0.5mM FAF v VER LA+ V=Y Vg
(deoxyribonucleotide triphosphate, dNTP), 5mM < ## & L A
Ik —ov (dithiothreitol, DTT), 50ng 5 v & b ~F4 = — | 10BAT
RNase fHEH, 2008z = —-¢—= 27 ) 7} (GIBCO BRL,
Gaithersburg, USA)] 20ul O TEEB W T1I0H, BT,
37TC T 1KMMEFESIG R cDNA 2 {ER L7z,

3. PCR KIt:

1-2. OFE lul &ML LU PCR &Iz Te b MMP &EF
WiH OEELT-7. HIKTTL57%7514 =& Taq

DNA &V # 5 —+ (Promega, Madison, USA) 2\ PCR &
E&AT -1, —8fF 50U W TRERY B3C TLS, 72—
v IZRIE® 55C T4, MEREIEE 72C TLHTV, Zhe
LA 208 LT309 1 2 A8EDE L. ik, BRKRY 7
Im—=v7R{TH7®, cDNA D5 {fll# Y = DNA 735 1

< —Zi% BamHI BE 7%, 3 I+ YV = DNA 754 <=~
1% EcoRI FHALFI% 5" K HF> X 51z DNA &R #
(Model 391 DNA Synthesizer, ABI ¢ 4%y, ER) e

5p-1 5p-2

B — .
EFFGL'KVTGKPDAETLKV PRCGVPDVAQFVLTEGNPRWEQTHLT
KFFGLPQTGDLDQONTIETMRKPRCGNPDVANYNFFPRKPXWDRNQI1
KFLGLEVTGKLDSDTLEVMRKPRCGVPDVGHFRTFPG I PXWRKTHL1
[GKPNEETLDMMKKPRC V DSGGFMLTPGNPKWERTNL ]
KFFGLPITGMLNSRVIEIMQKPRCGV! NSP! ]
§K LSL. 'ha;D.:J\TLKAHR’I”RC(V DLGRFOQTFEGDLKWHEHNT
\'4
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Degenerate primers were designed as follows.

5P-1, 5-CAGRARTTYYWYGGVYTRVMNVWRACDGG.
5P-2, 5-"CCMMGVTGYSGVRWBCCWGA.

5P-3, §'-TAYACDCVAGAYTTGCC.

5P-4, 5-SGNVVNGCWGAYATMRTSAT.

3P-1, 5RTCAAADGGRTANNHGTCBCCATG.

3P-2, 5-YTCRTSNTCRTCRAARTGRRHRTCYCC.
3P-3, 5'"CCCADVGMRTGGCCRADYTCATG,

Fig.1. PCR primers for MMP gene amplification. Partial
amino acids sequences of MMP family members are
aligned and conserved amino acids are indicated by
asterisks. MMP-1, interstitial collagenase; MMP-2,
gelatinase A; MMP-3, sromelysin 1; MMP-7, matrilysin:
MMP-8, neutrophil collagenase; MMP-9, gelatinase B:
MMP-10, sromelysin 2; MMP-11, sromelysin 3: MMP-12,
human macrophage metalloelastase (HME). Numbering of
amino acids were as they appeared in the original papers
and only N-and C-terminal amino acid numbers are
indicated. The aminc acid sequence deduced from the
MMP-X1 fragment is indicated at the bottom and
conserved amino acids with other MMPs are underlined.
Conserved regions were selected and degenerate PCR
primers (indicated by holizontalarrows) were designed.
Four were the 5-primers (5P-1 to 5P-4) corresponding to
the sequences surrounding the conserved PRCGVPD, and
three were the 3'-primers (3P-1 to 3P-3) corresponding to
the catalytic enzyme portions. Abbreviations: R=A or
G; Y=Cor T; W=Aor T; S=C or G; M=A or C;
B=Cor Gor T; D=Aor Gor T; H=A or C or T;
V=AorCor G;N=AorCor GorT.

dehydrogenase ; HRP, horseradish peroxidase; MMP, matrix metalloproteinase; MOPS, 3-N-Morpholino-

propanesulfonic acid; PBS, phosphate-buffered saline ;

PMSF, phenylmethylesulfonyl fluoride; RT-PCR,

reverse transcribed-PCR; TPA, 12-O-tetradecanoylphorbol-13-acetate; TE, Tris EDTA; TIMP-1, tissue

inhibitor of metalloproteinase-type 1
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L, 260nm OEKE AT LT 20uM icHB L b DR ERL
7.

. RT-PCR EMOHE

1. %7 7m—=v?

RT-PCR fE#y 20ul % 10% PAGE X h 7@ L, MMP &
EFrLBEIND I ENTRENEEED cDNA ¥ A&
DHEH L1z, =0 cDNA ##IfREER EcoRl (BIRBERBIL T
TEEE, m®% A7), BamH TAEL, B U< EcoR]
BamHI TEIMiE M7z 7523 FR2Z—F—AZ V7 (K
R, KB WEALR.

2. 753 FOLERE

I-1. CELh#TIAI FTCHEGERI AL KBH
HBIOI k% 25 YT S [P0 S v 16g, 1 —A b =F
Z+35 27+ 10g, #E{Lkr PV v a NaCl) g, 7vE¥ Y v
50mg/l, pH7.6] 3ml 12T 37°C, 12BGMLERE Lic. BMBKTH,
EOTEEL, wBEEY [50mM Tris-HCL10mM EDTA,
100ug/m! RNase, pH8.0] 0.3m! THRRB L7z, BB T A A Y
YW [200mM KER{L> b ¥ ¥ 4 (NaOH), 196 SDS] 0.3ml # i1
ZCRETS HHEBRBLTCHEREXBMLL. ZORSHEIC
3M EEEeH» U w4, pHE.5, % 0.3ml % TI04 ke LTl %
ML, BOLTHBy ks Lick, kiFx QIAGEN-tip20
(QIAGEN, Chatsworth, USA) # 7 AiCEB L. 77 A3 F
NEE LTed 5 &% IMNaCl, 50mM 3-N-E vk ) 7-F ety
2 sk v B (3-N-Morpholino-propanesulfonic acid, MOPS),
15% =/ —s, pHT.0 1T 2 E¥#HH, 1.25M NaCl, 50mM
Tris-HCl, 15% =% 7 —/, pH8B T ¥ 5 2 ¢ FaEH Lik.
752 : FERBCEEDS v 78 - A ML TRER
L, 15,000rpm, 302 #HOLLTTF A $ VERkEIel, 75 A
: Fouw s Trs EDTA (TE) (10mM Tris-HCl, ImM
EDTA, pH8.0) T Img/ml DREHER L.

3.DNA v—4&# v A

FROZESAMLITS A FDNART A S VEEL,
[#S] dATP (Amersham, Buckinghamshire, UK) & =4 —
N2 2 v2.0% v b (USB, Cleveland, USA) BT v
F % v ECHRERIIZRE LK.

V. MMP-X! #EEFO/O—=5

1. 7r—7DOfEH

PCR & THIE 2 hic MMP-XI1 G W H 25ng B <A F 7
SA4n-5<)VS . Fy b (Amersham) 12T [&¥P] dCTP
(Amersham) % F\CHEM L, 2.0-5.0CPM/rg DIEREFD
Tu— 7R,

2. —lkAZ ) —=v

v h&#E Agtll cDNA 54 7 3 Y — (Clontech, Palo Alto,
USA) % 4x10' 75 — 7 BLERL/15em 7' L — » DIREIC SM
(100mM NaCl, 10mM HE~< 7 x> v &, 50mM Tris-HCI,
001% €3V, pHIS) KTHFRLA. FR7 » — CHHERY
37C TI2EEMIEEE Lo KIBEE Y1090 i 37C TI5HIRER
X, 07% 7 AR —A - QRERE YT L EML, 15em 7
L= Mz P TEW R LB #Eh RiziE\»T 37C T12/5HE]
gL, 77— DNA A KV FNA vI s v
(Amersham) CEEE L, BEHO 2 v 7 7 v BRICTEWE
% (1.5M NaCl, 0.5M NaOH) © 1 #RLEL, # - TERICT
s (1.5M NaCl, 0.5M Tri-HCl, pH7.5) T154 RME L
B MBEOAVIIVETEy FALT U Ry 7 5

i

(Amersham) 1 C 3B 7 L Ag U A4 E—va v i, 7
Long TN EL4 - g v, N1 DFe—F%INx, 65C T
EERIE SR, REOKRT LicA v 73 viEd 2(ERE
SSC-0.1% SDS i CEIBCTEHEH L, 02 fFE SSC-0.1%
SDS 12T 55°C T0H DS % 2 [EfT 7. WD 2V
51z —80C T2+ — 52+ 757 4 —%{ToT.

3, “AZY)—=v

—RAIY) —= v ORI, BT S — 2% 10-100 7
5 — 7 TRBEAZ/10cm 7V — b OWER SMICTHRL, —K
A7 Y —= v ST FETAZ ) —= v BT,

4. 77— DNA OKREFHH

“RAZV)—= Vv TDRERNS, BT T - DTy -V
DNA OKXERAHAIT-12. Tichs, BES7—207 7 —
o% V-2 Tffofck 5ic LB B Lic#g & 37C TL2A5REER
L, 2%, SM T7 » —CRBHLCHBED 7 » — 8
WA B, 07 - — CHEEREII 3TC TL2MERLL
Y1090 #r By x4, 250ml D 2 5 BE YT BN T 1205 iR
WErE Lo, $#EW % 10,000rpm, 105580 LTIk B 2 i
L, 20 LE® 10% BY=F1LvrYa—1-6000 M
NaCl 275 X 5388 L, 1REkA L. Kk&#, 10,000
rpm, 304EL LT EERET, WY SM THEMRL TRE
AEELe Y ABRCERBL, Xy 77V SWHTIi v — % —
=T 20C, 35000rpm, A BREEOLE. BLOHE, 77—
DNA #EYEECERL, <y 7 v SWS0 = — % =TT
20°C, 35,000rpm, 2 BSREEL L7z, BE SM i THEBE,
oo — LM, =&/ -A%EETVWT > — 2 DNA &
TE THBELIZ.

5. 75— DNA OFfEHT

FRTELh7 - DNA 227 B —= Vv /B TH D
EcoRl THI¥i+ 5 & 3.4k ¥agtst (base pair, bp) @ cDNA 5%
Bt ZODNAWKETZAIFRIZE—FTA—RTY v
FAEALY -7 Vv ARERIT .

V. & MMP (membrane type-MMP, MT-MMP) BILF

I DR

1. 7—=¥vTayF g vI/E"

—igikic o % 10pg @ RNA =V, Zh%E 50% & A7 3
F(FHFAFR2, FE), 175% OErAL< ) v E2ED 2%
MOPS, pH7.5 iciFf#E L 65C TIOp BRI &, 1.0% 7
Hm— A F AT 2% MOPS sic TER B & 1T - 7. BKEWT
BOY LA BV FNAVYT T Y (Amersham) IZ#s5E L7z,
EERDA YT I T UV A5 8-V vH—1800 (7=
o, B AV THEE 254nm OHARRI2007 1 2 B -
»BEL, RNA 22 v 7 SVREELEL. ZOAV T FvE
v B, — Vv 7 Ry b A v T 5 (Clontech) % 50% /v
A7 3 Y, A{SREE SSC, SEEBET VN P [02% KY€
——avrY Ny, 02% £MmFE7 v 7 v (bovine serum
albumin, BSA), 0.2% 7 4 =2 — ], 0.1% SDS, 20ug/ml B+
FEEF DNA (=0 vir— « = v A AUZH, ®R) »bis
BFLUALTYELE—v g VIR 10ml & 42C T 6 B S
et RIERZOEYIET, EcoRITYNHEh S 3.4kbp D
MT-MMP cDNA % LEEOFETE#HR LR —7% Iml D
FLUAL T EAE—v g VECMEcbDEA VYT FVEILS
BEARGEE. RIERTH, 7405 % 2BRE
SSC-0.1% SDS I TEE T L, 0.2f5BE SSC-0.1% SDS



MT-MMP O {xF Bl & geama 5

T 55C T4 MlDEEEE 2EfFTV, 12MMOF— 13 o
757 4 —wfTo0.

VI. MT-MMP EGFEHORT

1. BEFEA

EcoRl THI h X% 3.4kbp © MT-MMP ¢cDNA 2% H 7
Z A 3 F pSG-5 (RFESH) Wil AAdk, 752 1 FOLEFRE -
AUHET2EEE YT % 250m! T, QIAGEN-tip500 % {#\-
TIAI FOREFAMY T -7, 523 FOUuMBE TERT
Img/ml OEEEWCEMR LT,

BIEFEDOBITCE 282 35mm 75 AF 4 » 2
5 4 v 2 (FALCON) 129 1.0x 10°{E/m] DiEE T 5% FCS i
DMEM 2m! & T 37C, 243524, Chen HD Y VB L
YU LEREE" W THEBETEARTT L. Tabb,
MT-MMP, | #ix 2 ur w5 - EHBIEERTF (tissue
inhibitor of metalloproteinase type-1, TIMP-1) &H 75 x 3 ¥
DNA BIURBELT pSG-5 75 & 3 ¥ DNA it 2ug %
0.25M Hft Ao & (CaCly) 60ul WEFIL, £ OEAKI 2
EEE N N-EA-(2-e FeFvoFiin)2-7 i /-2 & VALK
v [N, N-bis-(2-hydroxyethyl)-2-amino-ethanesulfonic acid,
BES] #&#% (BES-buffered saline, BBS) (280mM NaCl, 50mM
BES, 28mM U vEAKE -+ + Vv 4, pHT.9) 6254 %in%,
IR TIGHHME Lok, LREEMRCmL: COBEI% ©
SHTRTITC, 24MER L. BRE, ~V 22K
(Hanks balanced salt solution) =T 2 El¥E¥% L, 5% FCS jn
DMEM 2m! "€ 37°C, 24B§RjiEsE L.

2. SRRk

MT-MMP, TIMP-1 #H 75 2 § FEIORBEE LT
pSG-5 77 A I FEEETHEA LK COS-1 Mifax v s AH
T2E%EE L, A F4=vEDMEM Iz [*S| A F4=vi
M BRCIRNEER L CTOEAHTESR L. My
PBS 12 C¥t#tk, MAEMK [50mM Tris-HCL pHT.4, 5mM
EDTA, 50mM NaCl, 2.25mM DTT, 0.02% 7 <{t+ btV o &
(NaNy), 0.5% 7 =5 » b (Nonidet P-40, NP-40), 5ug/ml 7 » {k
7 oz =k A F L ANk =L (phenylmethylsulfonyl fluoride,
PMSF) iz THM L, 10,000rpm, 104&E 0N & D Nt k%
Lz, BB EBLEO L DB EERE L, BOK TR
LIRS E S L O & B v 5 MT-MMP #ifs (113-5B7,
114-1F2, 118-3B1), #T TIMP-1 #ifk (o-TIMP-1) (EL¥EH T
¥ OER) HB Tz v e =L OHEREG 4C TleEE R
Tl RIEEABE TR T A VAL T s - AKRT
(Pharmacia, Uppsala, Sweden) Iz & X &, s L=k, &5t
#fRYE [50mM Tris-HCI, pH6.5, 10% 2V £ = —, 2% SDS,
2% 2-ANAT =R =, 01% TrET 2/ =TI —
(bromophenol blue, BPB)] T#tH LT 10% SDS-PAGE %17
o, KB, SARERLTEREBEA - A5 T 0 —%
v, fREEDERF L.

3. ERA

MT-MMP #7523 FBIURE LT pSG-5 75 &
I ¥EF v =25 A F (Nunc, Naperville, USA) k5%
L7z COS-1 iR EBETFEA LK. BEFEAKOHMEE
PBS-3% BSA 12T 3@#¥E% L, i MT-MMP #ifs (113-5B7)
% Sug/ml &1 PBS-3% BSA T 37C, 405 RHEE LI, &
e, WK% PBS-3% BSA TIEEEHLTT & VETHEE
L, 1,500 & RO rF el VA VFF+Y T F— 1

(fluorescein isothiocyanate, FITC) £t~ =~ 2 1gG (Cappel,
West Chester, USA) ¢ 37C, 304 HREE &+ T MT-MMP @
RAYBERE L.

VIi. MT-MMP QE5FF—E~DOHE

1. ¥5FVv¥Fr 2757 4 —

PR RS IERE (50mM Tris-HCL pHB.5, 10% 7Y « = —
N, 2% SDS, 0.1% BPB) LIBFRIL T 01% ¥ S5+ v &Ly
T SDS-PAGE %171z, KB TH, ¥k 25% b 54 b
v-X KTHMBRT 2 EH%SE L, RIEHK (50mM Tris-HC,
pH7.5, 150mM NaCl, 10mM CaCl,, 0.02% NaN;) =T 37C,
ARFMRIE S, RIBH, YA 2 REH [30% =2 —0,
10% B, 03% a—<27 U V7 v b7 — G-250 (Sigma,
St. Louis, USA)] L CTER T5BEMRE L, 30% =&/ — L,
10% B TIRELTY 75 v L BE L.

VI. MT-MMP &{&-F 8 AR OB S B O 8T

1. ARk mE o s

MT-MMP #H 752 I FBIO®KBE LT pSGH5 75 =
I FEREETFEA LK COS-1 #Mld PBS T 2 E¥d LIEM
# (25mM Tris-HCl, pHT7.4, 50mM NaCl, 8.5% =/ 2 %) /= C[H
L, medr ¥ -0 CilueBE L. MREEEL <y
7=V SWE0i »— & —JZTC 47T, 40,000rpm, 2KRELELC L7
%, BT EMICCEML:. ZORNKLBREAR Y o
BRCERB LTy 7 ~v v SWATI = — % — 12T 4C
40,000rpm, 128FfEL Lic. SARRBESEEERL, <y 7=V
SW50i = — & —12C 4°C, 40,000rpm, 2 EefEE.O8, hig%
25mM HEPES/KOH, 0.1mM CaCl, iz CTH## L e,

2. VARV T A, bEE

VI-1. TRCARRBE S E 200e & V-2 ORBEHE CHR
L, SDS-PAGE %fT» 7. kBItED ¥ L% -~ R F-ECL
7 4 & — (Amersham) ¥ %5 L, TBS (20mM Tris-HCl,
pHT7.6, 137mM NaCl) 1 3% BSA W CERTIKBE7Tr o 2 v
L. VT, 74N &2 =% MT-MMP #HifE% Sug/ml &
1; TBS-3% BSA W TBRTI2HFHKIE X B, RIGHE, 74
& —% PBS-3% A F 4 32 (Gifco, Detroit, USA) C¥i&
LTHEE? LA F >~ &£ —+ (horseradish peroxidase,
HRP) #E&#i~< ¥ A 1gG (Cappel) 5pg/ml &1 PBS-3% A
LAINZTERCTIBHBRIEIER. 74 05 —%
PBS-3% AFx 4 i N7 TG LIcth, ECLvza2v7m,
F 4 v IR (Amersham) TRIG I+, 1 oA -+ 504
7574~ %ol

B &

[. MT-MMP E{ET O

1. 754 < —D#i

MMP HIT7 3/ BESIORFUELE 7 rT5F, &+
BVTF 4w 7=VFL AV AL VIZEBL, FORTRLFE
BOF THEYBIR L., 20 THEEIETAREES I 4
~—%K 10X 5IHE L, DNA SRS TAR L.

2. MMP R{ETFOHEIE

e MERME (R, cEEERAE, MRS & e ok
[HT1080 #fg, 12-0-F + 35 H 7 A kA —N-13-7 € & —
I (12-O-tetradecanoyiphorbol-13-acetate, TPA) 245% fif 4 B
U937 #ifa] X b Lz RNA nBHEEL L7z cDNA » &8 &
LTTEYDT 54 =—DEAEDHE (BP-1/3P-2, 5P-2/3P-1,
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5p-2/3P-2, 5P-3/3P-1, 5P-3/3P-2, 5P-3/3P-3, 5P-4/3P-2) T
PCR ®#f7\», MMP EEF & HIE L. PCR EY % 10%
PAGE T2z itk h, MMP BEFHA L LTHEEIASZ
LRFHERDEE (BP-1/3P-2, 400bp; 5P-2/3P-1, 250bp;
5P-2/ 3P-2, 330bp; 5P-3/3P-1, 180bp; 5P-3/3P-2, 260bp;
5P-3/3P-3, 340bp ; 5P-4/3P-2, 140bp) © DNA Wik& 7 v L 9
B L. 2O DNAMH R T IR FRy 2 —~HT 78—
2w 7 LTHOEERLRELTEMO MMP BEF LT
B, B L. BlRRELEE I, 7r—v{kLkle8s = —
vD5H11227 7 — ViREEHEO MMP BEFTHH, £7F
F — & A/MMP-2" (467 = — /), MMP-1 (387 = — V),
MMP-3 (1727 a—v), MMP9 (6 7 m—Y), At BEAFAY
v-2/MMP-10¥ (4 2 m—v), <}V 51 v v /MMP-T® (1 7
p—v) L TEED MMP BEFHRTELDOTH 7.
¥, 517 v — ik MMP BETFLARA%EERE e -7, —

Table I. MMP genes amplified by RT-PCR

i

%, ey AT 754 < — 5P-2/3P-2 THIEEI b 7
B — v (430bp) 12, EEEND MMP EET & 40--50% DERM
#H LTz, 0 cDNA BT (MMP-X1 BEFER) #25F
MINBT 3 EBEFICIE MMP BCRFEROE VT VB
RICBEIRTWE (B1). oo MMP & OMR%IZ,
MMP-1, 50% ; MMP-2, 48%; MMP-3, 52%; MMP-7, 44%;
MMP-9, 48%; & b = 2 5 4 > v-3/MMP-11%, 43%; =7 =
7, —Ux=T AR —¥/MMP-12", 52% Tho7z. LhEXD,
MMP-X1 BZFMA 5 Ly MMP &2 — FLTWAAHER
PIRB IR,

3. MMP-X1 #ET O HE

MMP-X1 SEEFW AL AR L D BbhicZ &b, &
F Bk cDNA 54735V % ZOREFHHET -7 &L
CRZYV—=v LT, ZFORER, 34kbp © cDNA (MMP-
X1 BET) ORBIC K L. T cDNA » 5125827 3 /B

. . Number of
Source . Number of Number of Number of MMP genes identified as U ol
of RNA Conbination of  RT.PCR fragmenis total MMP genes identified
samples © primers sequenced genes identified  MMP-1  MMP-2  MMP-3 MMPT MMP-9 MMP-10 MMP-X1® M;;P"::m
Placenta Sp—2/3p—2 62 41 1 33 1 1 0 5 21
5p—3/3p—2 4 4 3 0 0 0 0 0 0
Melanoma 5p—2/3p—1 4 4 0 3 1 0 0 0 0 0
5p—2/3p—2 19 9 0 9 0 0 0 0 0 10
5p—3/3p—1 8 7 0 0 7 0 0 0 0 1
5p—3/3p—2 8 7 2 0 5 0 0 0 0 1
5p—3/3p—3 13 10 9 0 1 0 0 0 0 3
3p—4/3p—-2 7 3 2 0 0 0 1 0 0 4
U937 cells Sp—2/3p—-2 12 11 10 0 0 0 0 1 0 1
(TPA 24 h) 3p—3/3p—1 3 1 1 0 0 0 0 0 0 2
5p—3/3p—2 12 7 4 0 0 0 0 3 0 5
5p—3/3p—3 3 3 3 0 0 0 0 0 0 0
Lung Sp~1/3p—2 5 3 2 0 0 0 0 0 2
S5p~3/3p—1 2 1 0 0 1 0 0 0 1
HT-1080 cells Sp—2/3p—2 6 [} 1 1 0 0 4 0 0 0

Total RNA samples were extracted from human tissues (human placenta, oral malignant melanoma, tung adenocarcinoma) and two cell lines [human monocytic leukemia cell line
U937 treated with 12-O-tetradecanoylphorbol-13-acetate (TPA) for 24 h and human fibrosarcoma cell line}. RNA samples were reverse-transcribed using random hexamers and
alidquots of the reaction mixture were used for 30 rounds of PCR with Taq polymerase (33T, 55T and 72TC). Fragments were purified by 10% polyacrylamide gel electrophoresis
and subcloned into a Bluscript plasmid. Nucleotide sequence of the cloned inserts were analyzed and compared with the reported human MMP genes.

 MMP-X1, newly identified MMP-related gene {ragment.

. £J o - . * - - * * . ° . L) -
AGTTCAGTGCCTACCGAAGACAAN C. CGGC ACC. AGACCCTCCCGTTGTCTCCTGCTC 150
HetSerProAlaProArgProSerArgCysleulauLeu 13
GCTCGGEALT “GGCCCAARGCAGCA ey CTACGTACCCACACACAGCGCTCACCCCAGTCACT G 300

A
r:ur.auhu‘rl\tmuolyt‘hrulh-uhs-ruuclys.:u-cln.h:s.rs.zﬂns-:rzoclul\h'rrpbauGlnGln‘ry:GLy‘ryr!.-urro?roc).yMchuArq'x'hrHlﬂh:ﬁlmqs-rrnﬂ:s;rmus-mu 63
AN *CAGACA

AGGCCAATGT AGGAACGCCTACGCC 450

AGTAACAGGCAAAGCTGATGCAGACA

7T T
u-nu\luLm-tclnz.y-nhwymlyuuclnv-uhxc1yx.y.A1;A-pA).u\.mhzmuy-umamrquqr:mm-myv-).rroupx.y- heGlyAlaGluIleLysAlaAsnValArgAxrgAsnAlaTyrAla 113

ATCCAGGGTCTCAAATGGCAACATAATGAARTTACTTTCTGCATCCAGAATTACACCCCCA T
I1leGlnGlyLeuLysTrpGlnHisAsnGlulleThrPhaCysIlaGlnAsnTyxThr Y

CACATACGAGGCCATTCGCAA TTCC

ATCATGA

TyrAlaTycILeArgGluGlyHisGluLysGLnAlaAsplledetIlePhaPheAlaGLuGLyPheHinGlyAs
MG ATGGA

1C1yGLuTyrAL

ACACCACTGCGCTTICCGK Geee 600

T y:clw\htlsuqnynu-rh-AthnmrpGluSarAla'x‘h:rrouuJ\rqENAqulanlPro 163
ACC

'GCCTACTTCCC SCCANC 750

AGGGCTTCCATGGCGACAGGACGGCCT

GGCTICC

pArq'L‘hrAhPhM;pG].yGxuulyGlyPheLanlKhALA'I.'erthroGlyEmnnneGlyGl.yA!p‘rht 213
GC.

A GTGACC

“CTTTTACCAGTGG 900

CACTTTGACTC TGGAA 'CTT

nthMps-rl\LnGluPro‘l‘mh:val.Ax:qunGluAnpl.nuMn(‘.l.ynM-pn-l’hnhuv:uh‘lnmllGluhnG!.yKhAthuGlyL«uGluHhSct P lalladatAl helyrGlnTrp 263
AANATT COCC AGCAAGGTT CCAAGA ACCCAGGACTACE AACCCCAAAAACCCCACC 1050
PrhrGluLysPhevVall ievy gG1lyIleGlnGlnLauTyrGLyGlyLysGLlnGlysS ysaProLesuhsnProGlyLae 0GlyLeuLeuPhaLeulleA oThr 313

ACN CTTCAAGAA! ATAAGCAAGTG ATGCCCAT 1200

PCAACACTGCC A

ACCCCAAGCACATT, CTACCGAC 1350

TyrGlyProAsnIleCysAspGlyAunPheAspThrValhladetLauArgGlyGLlue erl;;;:;thcx.yn LysArgTrpPheTrpArgValArgAsnAsnGlnvalKetAspGlyTyrProdetProl 1eGlyGlnPheTrpAxgGly 1363
CTGC “CN AATTCGTCTTCTTCANGGAGAS TTGGGTGTTTGATGAGGCGTCCCTGG. GCTGGGCCGAGGGCTGL!

\CAAGCA’
LauProAlaSerIleAsnThrAlaTyrGluAxgLysAspGlyLysPheValPhaPhalysG, LyAspLys#isTrpVal
~r ATGGAAAGA ACA DCGTTTCAAC!

PheAspGluAlaSerLauGluProG lyTyrProLysHisIleLysGLuLauGlyArgGLyLauProThrAap 413
GAAGAGCTCAGGGCAGTGG ATAGCGAGTACCCCAAGAACATCAAAGTCTGGGAAGGS!

ATCCCTGAGTCTCCC 1500

AAGAT 1 TCT
LysIleAspAlaAlaLeuPheTxphetProAsnGlyLysThrTyrPhePheArgGLyAsnLy sTyxTycArge heAsnGLuGluLauArgAlavalAspSerGluTyrProLysAsnIleLysValTrpGluGlyIleProGluSerPro 463

TTCACTTACTTC ANTTCAACAACCAGAAGCTGA 3CEGEE CAAGTCAGCCC: CCGG 1650
ArgGlySerPhedetGlySerAspGluvalPheTheTyrPhaTyrLysGly Y#TYrTrpLysPheAsnAsnGlaLysLeuLysValGluRroGlyTycProLysSerA laL A P LyCysPre lyGlyArgy 513
x ATCATTGAGS' GCGGCTECCGTGGTGCTGCCCGTGCTGCTCCTGCTCCTRGTGCTGGCGGRTGEGC GA 1800
):uA-pGlnGlﬁh:GluGluG1\ﬂ'thl.uVlu1-!1-1hG.luVlulps).nal.ucI.yGl.ycLyAll\IAlsarhlu\lu\hvnJ.VAlMuPtoV-u.-uuumnhuull‘lllmu&ll‘llmly!-ouA.hVuPMPho!haA:q 563
<t CCCAGGCGN TTCCCTG CAA CGCCC ~TACC ACTTTGCCTCTGAAGGCCAGTGOCAK CCAT 1950
ArgHisGlyThr gArgLeuleuTyrCysGl g L 1 582
¢ X SCCOGE TGCTTCTCTCTG CCTCCCTOCTGCCCCGGOAT STTCCC TCCO MITTCCA 2100
GCC A TTGIG’ AGGC C AAGGTCAA T ATAC 2250
CTTAN ACTCTGAC N A A GCCTC TTTCTGGCTAAAAGGAATCTAATCTTGT 3GGG 2400

A AN MTCGTT AGTTCCT ™ CCTACCCC ACTTCCAAGGAAGGAGCCTG! CTAAG 2550

AGAAACCC G TAGCCT TTCACAGT AGACCTGAANCE AGC TAGGG SCCGGE 2700
CTTANGGC AAGA. A GGOCCAA ACA AAAAAGGAAA Y CCAGGTTA 2850
AAGCTAAC ATC TGTGGAGC GGAA C GGA ACACTTGCTCCTGT CTTGCTGCCC AGAA AGGCA 1000
CACAA ~T AGGCCACM ¢ GGCC TCTCAG GGA TGC SGCTTCCC AAGCCTGT 3150
CTCACCAGTGGCCTGCCCTCTCGCTCCCCCACCCA TGAAGTCTCCT A % AAGA ACGG 3300
G A, ACGE TTCGGC TTCTGTCTTG I TTGTT T T TG T TTTCTTTAATGTATATTT T TATTATAATTATTATATAT 3401

Fig. 2. Nucleotide sequence of MMP-X1 cDNA and the deduced amino acid sequence.
3.4-kbp MMP-X1 cDNA fragment is presented and the longest open reading frame that initiates from ATG and terminates at

TGA codon was translated.

The entire nucleotide sequence of
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HMP-11
WeE-12
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Fig. 3. Alignment of MMP amino acid sequences.

MMP-X1 protein.

MT-MMP O&{5F B & B fatT

signal peptide Pro-peptide

~ P g pep

MHSFPPLLLLLFWG VVSHSFP ATLETQEQDVDLVQKY LEKY YNLKNDGRQVEKRRNS GPVV ~E KLKQMQEFFGLKVTGKP
AP~ ——-SPIIKFPGDVAPK~TDKE LAVQYLNT F-YGC PKE-SCNLFVLKDTLKKHQKFFGLPQTGDL

MKSLPILLLLCVAV = m o s e CSAYP~~-~LDGAARGEDTSMNLVQKY LENY Y DLXKDVKQFVRRKDS GPVV-KKIREMQKFLGLEVTGKL

MR-LTVLCAVCLL PGSLALP LPQEAGGMSELQWEQAQDY ~-LKRFYLYDSETKNANS LE-AKLKEMQKFFGLPITGML

MFSLKTLPFLLLLH. VQISKAPP VS SKEKNTKTVQDY LEKEYQLPSNQYQSTR~KNGTNVIVEKLKEMQRFFGLNVTGKP

MSLWQPLVLVLLVLGCC == o= ~FAAPRORQSTLVLE PGDLRTNLTDRQLAEEYLYRYGYTRVAEMRGESKS LGPALLLLQKQLSLPETGEL

MMHLAFLVLLCLPY === —mm e e e ==~CSAYP~---LSGAAKEEDSNKDLAQQY LEKY YNLEKDVKQFRRK~DS NLIV~KXIQGMOK FLGLEVTGKL

HAPAAWLRSAAARALLPPHMLLLLLQPFPLLARALP PDVHHLHAERRGPQewwmm ~==~PWHAALPS S PAPAPATQE

MKFLLILLLQ=ATAww=mmwmneemewmeeSGALP~--~LNSSTS LEKNNVLFGERY LEKFYGLE INKLPVTKMKYSGNLMKEKIQEMQHFLGLKVTGQL
HSPAPRPSRCLLLPLLTLGTALASLGSAQSSSFSP- == —ee e = EANLQQYGYLPPGDLRTHTQRS PQSLS ~AAT AAMOK FYGLQVTGKA

H..L. .zi.‘. veaL. TP e A Peoen, ., erererbee Y Liisiisiinssenes o~ KLy JMQKF . GL 2 VIGKL
ro-pe e Catalytic
pep —_— Ly
DAETLKVMKQPRCGVPDVAQ PVLT YTHLTYRIENY TPDLPRADVDHATEKAFQLHSNVTPLTFTKV - ~SEGQADIM
DQNTIETHRKPRCGNPDVAN«= === ~~-YNFFPRKPKWDKNQITYRIIGY TPDLDPETVDDAFARAFQVWS DVTPLRESRI~ ~HDGEADIM
DSDTLEVHRKPRCGVPDVGH- =====PRTPPGIPKWRKTHLTYRIVNYTPDLPKDAVDS AVEKALKVWEEVTPLTFSRL o~ memm == YEGEADIM
NSRVIEIMQKPRCGVPDVAE- === SLEPNSPKWTSKVVTYRIVS YTRDLPHITVDRLVS KALNMWGKE IPLHFRKY = = = m o= ~VHGTADIM
NEETLDMMKKPRCGVPDSGG~ ~SQGEADIN
DSATLKAMRTPRCGVPDLGR e ~YSRDADIV
DTDTLEVHRKPRCGVPDVGH= === wvmum=F S S P PGHPKWRK THLTYRIVNY TPDL PROAVDSALEXALKVHEEVTELTESRL -~ == =Y EGEADIM
APRPASSLRPPRCGVPDPSD~GLS ARNRQKRFVLSGG~~RWEKTDLTYRILREPHQLVQEQVRQTMAEALKVHS DVTP LT FTEY ~=o~—~—~HEGRADTH
DTSTLEMMHAPRCGVPDLHH=wm = e e m ~~F REMPGGPVWRKHY ITY RINNY TP DMNREDVDYATRKAPQVNS NVTPLKF SKI~mmwwm = NTGHADIL
DADTHKAHRRPRCGVPDKFGAE I KANVRRKRYAIQ-G-LKWOHNE I TPCIQNY TPKVGEYATY EATRKAFRVWE SATFLREREVP YAY XREGHEKQADIN
D..TL. .HRKPRCGVPD. , s mwwweammeenul ., .PG.PKW. ... . TYRT.NYTPDL. .. .VD.AX.KAF . VHS . VIPLTF s , Voo meme +.G.ADIM

Catalytic

ISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEHERWTN-NFTEY
INFGRWEHGDGYPFDGKDGLLAHAPAPGTGVGGDSHF DDDELWTLGEGQVVRVKYGNADGEYCKF PFLFNGKEYNSCTDTGRS DGFLNCS TTYNFEKDGK
ISFAVREHGDFYPYDGPGNVLAHAYAPGPGINGDAHFDDDEQWIK~DTTGT]
IGFARGAHGDSYPFDGPGNTLAHAFAPGTGLGGDAHFDEDERWIDGSSLGIN.
IAFPYQRDHGDNS PFDGPNRGILAHAYQPGQGIGGDAHFDAEETWTIN~-TSANYN.
IQPGVAEHGDGY P FDGKDGLLAHAFF PGPGIQGDAHFDDDELWS LGKGVVVP TRFGNADGAACHF PFIFEGRSYSACTTDGRS DGLPNCSTTANY DTDDR
ISPAVKEHGDFYSFDGPGHSLAHAYPPGPGLYGDIHFDDDEKWTE-DASGTN:
IDFARYWDGDDLE FDGPGGYLAHAFFPXTHREGDVHFDYDE TWI IGDDQGTD
VVFARGAHGDFHAFDGKGGILAHAFGPGSGIGGDAHFDEDE FWTT -HSGGT!
IFFAEGFHGDRTAFDGEGGFLAHAY FPGPNIGGDTHFDSAEPWIV~RNEDLN.

I.PA.. HGD..PEDGPGG.LAHAY . PGPGIGGDAHFD.DE WT.~. - . . . N
Catalytic

YGPCPHEALFTHGGNAEGQPCKEPFRFQGTSY DSCTTEGRTDGYRWCGTTEDYDRDKKY GFCPETAMS TV-GGNS EGAPCVFPFT PLGNKYESCTSAGRS

PG!'CPS!RL!‘IRDGNADGKPCQFPYII'QGQSXSAC!"IDGRSDG!RHCATTAN’!DRDKLFGFCPTmSTVHGGHSAGELﬁlPPTPLGKEYSTCTSBGRG

Catalytic

LHRVAA-HELGHSLGLSHSTDIGALMYPSY-TFS5--GDVQLAQDD-IDGIQAIYG
DGKMWCATTANY DDDRKWGFCPDQGY SLFLVAA~HE FGHAMGLEHSQDPGALMAP I Y ~TYT =~ KNFRLSQDD~IKGIQELYGm o mmem:
LFLVAA-HEIGHSLGLFHSANTEALKYPLYHSLTDLTRFRLSQDD-INGIQSLYG~——

FLYAATHELGHSL NAVHYPTYGN-GDPQNFXLSQDD-IKGIQKLYG:
LPLVAA~HEFGHSLGLAHS SDPGALMYPNYA~FRETSNYSLPQDD-IDGIQAIYG~~
DGRLWCATTSNFDSDKKWGFCPDQGYSLFLVAA-HEFGHALGLDHS SVPEALMY PMY -RFTE-~GPPLHKDD-VNGIRHLYGPRPEPEPRPPTTTTPQP!
LFLVAA-HELGHSLGLFHSANTEALMYPLYNS FTELAQFRLSQDD-VNGIQSLYG:
LLQVAA~HEFGHVLGLQHTTAAKALMSAFYT~FRYPL-~5LSPDD-CRGVQHLYG:
LYLTAV-HEIGHSLGLGHSSDPKAVHFPTYK-YVDINT FRLSADD-IRGIQSLYG
GNDIFLVAV~HELGHALGLEHSSDPSAIHAPFYQ-WMDTEKFVLPHYD-PRGIQQLYG
LFLVAA~HE .GHSLGL .HS .DP . ALMYP.Y. 44444 v . F.LSQDD~X.GIQ.LYGmmewmw

Hinge Hemopexin

gl
QNPVQPI-GPQTPKACDSKLTFDAITTIRGE-VHFFKDRFYMRTNPFY ~~PEVELN
ASPDIDLGTGPTPTLGPVIPEICKQDIVFDGIAQIRGE-IFFFKDRFIWRTVTPRDKPHG-PL
PPDSPETPLVPTEPVPP~EPGTPANCDPALS FDAVSTLRGE~ILIFKDRHFWRKSLRK~-LEPELH

LSSNPIQPT-GPSTPKPCDPSLTFDAITTLRGE~ILFFKDRY FWRRHPQL ~—~QRVEMN
APPTVCPTGPPTVHPSERPTAGPTGPPSAGPTGPPTAGPSTA-TTVPLS PVDD————~, ACN-VNIFDAIAEI-GNQLYLFKDGKYWRFSEGRGSRPQGPF
PPPASTEEPLVPTKSVPS-GSEMPAKCDPALS FDAISTLRGE-YLFFKDRY FWRRSHWN-PEPEFH~
QPWPTVTSRTPALGPQAGIDTNEIAPLEPDAPPDACE --AS FDAVSTIRGE-LFFFKAGFVWRLRGGQL-QPGYPA
DPXENQRLPNPD~~NSEPALCDPNLS FDAVTTV-GNKI PFFKDRFFWLKVSERP -KTSVN~
GKQGS PPRCPLNPGLPPGLLFLINPKNPTYGPNICD~~GNFDTVAMLRGEMFDFKK~RWFWRVRNNQVMDGY PN~
tevereeisneeeessPum P .CD. .. FDA..T.RGE=. . PFKDR.FWR. .0 vuomrunnn s
Hemopexin
FTSVFWPQLPNGLEAAYEFADRDEVRF PKGNKYWAY-QGONVLHGYPKDIYSS FGFPRTVEKHIDAA~LSEENTGKTY FFVANKYWRY DEYKRSHDPGYPK

LVATFWPELPEXIDAVYEAPQEEKAVFFAGNEYWIY-SASTLERGYPKPLTS~LGLPPDVQRVDAA-PNWSKNKKTY I FAGDKFWRY NEVKKKMDPGFPK
LISSFWPSLPSGVDAAYEVTSKDLVFIFKGNQFWAI-RGNEVRAGY PRGIHT -LGFPPTVRKIDAA-ISDKEKNXTY FFVEDKYWRF DEKRNSMEPGFPK

FISLPWPSLPTGIQAAYEDFDRDLIFLFKGNQYWAL~SGYDILQGYPKDISN-YGFPSSVQAIDAA-VFYRS ~~KTY FFVNDQFWRY DNQRQFMEPGYPK
LIADKWPALPRKLDSVFPEEPLSKKLFFFSGRQVWVITGASVL ~~G~PRRLDK~LGLGADVAQVTGA-LRSGR-GKMLLFSGRRLWRF DVKAQMVDPRSAS
LISAFWPSLPSYLDAATEVNSRDTVFIFKGNE FWAI~RGNEVQAGY PRGIHT~LGFPPTIRKIDAA-VSDKEKKKTY FFAADKYWRF DENSQSMEQGEPR
LASRHWQGLPSPYDAAFE ~DAQGHIWF FQGAQYWVY -DGEKPVLG~PAPLTE~LGLVRFP~~VHAALVHGPEKNKIY FFRGRDYWRFHPSTRRVDSPVPR
LISSLWPTLPSGIEAAYEIEARNQVFLEXDDKYWLI-5SNLRPEPNYPKS IHS ~FGFPNFVKKIDAA-VFNPRFYRTY FFVDNQYWRYDERRQMMDPGYPK
PIGQFWRGLPASINTAYERKDGKFVE ~FKGDKHWVF~DEASLEPGY PKHIKE~LGRGLPTDKIDAA-LFWMPNGXTY FFRGNKY YRENEELRAVDSEYPX
LIS.FWP.LP...DAAYE......VF.FKGN.YW..~.......GYP..I..~LG.P..V. . IDAA=....,..KTXFF,...YWR.DE....HDPG.PX
Hemopexin

MIAHDFPGIGHKVDAVFHMKDGFF--Y PFHGTRQYKFDPKT~KRILTL~-QKANS
LIADAWNAIPDNLDAVVDLOGGGHS Y FFKGAYYLKLENQS -LKSVKF ~-~GSIKSD
QIAEDFPGIDSKIDAVFEEFGPF—-YFFTGSSQLEFDPRA-KKVTHT~-~LKSNS

SISGAFPGIESKVDAVFQQEHFF—--HVFSGPRY YAPDLIA-QRVTRV~~ARGNK
EVDRMFPGVPLDTHDVFQYREKA~~YFCQDRFYWRYS SRSELNQVDQV~GYVTYD
LIADDFPGVEPKVDAVLQAFPGFF~~YFPFSGSSQPELDP THI--LKSNS
R-ATDWRGVPSEIDAAFQDADGYA-YPLRGRLYWKFDPVK-VKALEGFPRLVGPD
LITKNPQGIGPKIDAVFYSKNKY-YYFPQGSNQPEYDFLL-QRITKT--LKSNS
NIKVWE-GIPESPRGS FHGSDEVFTYFYKGNKYWKFNNQKLKVEPGYPKSALRDWMGCPSGGRPDEGTEEETE-VII IEVDEEGGGAVS AAAVVLPVLLL

cIoo F.GL.. . DAVE. . \\ o m=YPF.Gurs s s FDunamrnsnaammsnnan
Hemopexin

-———-———»

WPNCRKN 463

WLGC. 631

WLNC. 477

KRSNSRXK 267

WLNCRY! 458

ILQCPEDX 708

WLHC. 476

mewemnmmmememn e m e PEGCAEPANTFLY - - = w e mw e m e 489

NFGC. 470

LLVLAVGLAVEF¥RREGTPRRLLYCQORSLLDKVwrrmommwmmmwwane 582

WL.C.. .. 851

The hydrophobic stretch at the C-terminus of MMP-X1 protein is underlined.

211
241
211
207
210
267
210
208

229
300

211

400

413
575
424
259
411
648
423
424
416
451
700

462
627
473
259
460
700
472
476
466
549
800

All the reported human MMPs are listed and aligned with the deduced
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PRCGVPD 2
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MMP-7 267
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Fig.4. Schematic illustration of the domain structures of MMPs. Signal, signal peptide; Pro-pep, pro-peptide domain that is
necessary to keep enzymes latent; PRCGVPD, essential and most conserved sequence in the propeptide domain that is
necessary to mask the active site of enzymes; Catalytic, core domain essential for enzymatic activity; Ca*", deduced
Ca®*-binding sites; Zn**, Zn*"-binding site ; Gelatin binding, gelatin binding domains of two gelatinases (MMP-2 and-9); Hinge,
Proline-rich sequence potentially functioning as a hinge region; Hemopexin, hemopexin-like repeat; TM, potential
transmembrane domain characteristic of MMP-X1 protein.

Skeletal muscle

Fig.5. Expression of the MMP-X1 gene. (A) Expression in human tissue. A northern blot was obtained from Clontech Ltd,
and probed with **P-labeled MT-MMP cDNA according to the manufacturer’s instructions. The tissues from which samples
were extracted, are indicated. Specific signals at 4.5 kbp are marked by an arrow. The blot was reprobed with
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-encoding gene fragment. (B) Expression in cultured cells. RNA samples
(10 ug) obtained from cultured cells were electrophoresed and transferred to membrane as described in “Materials and
Methods”, HEp2, larynx carcinoma cells; T24, bladder carcinoma cells; A375, melanoma cells; OCS-19, squamous cell

carinoma cells : SK-ES-1 and MKN-28, gastric carcinoma cells; HEL, fibroblast cells.
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Fig.6. Detection of the MT-MMP gene product. (A) COS-1 cells transfected with MT-MMP expression plasmid (MT-MMP) or
vector plasmid (control) were labeled with [¥*S]-methionine and analyzed by immunoprecipitation with monoclonal antibodies
(antibodies 113-5B7, 114-1F2 and 118-3B1) raised against synthetic MT-MMP peptides or pre-immune mouse IgG (Pre-im.) as
described in “Materials and Methods”. (B) COS-1 cells were co-transfected with MT-MMP and TIMP-1 plasmid as a secretory
protein. Culture supernatant (Sup) and cell lysates (Cell) were immunoprecipitated with antibodies against MT-MMP (113-5B7)

and TIMP-1 (@ TIMP-1), and with pre-immune IgG (Pre-im.).
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Fig.8. Processing of latent MMP-2 by MT-MMP express-
ion. Gelatin zymography of conditioned medium of
HT1080 cells and NIH3T3 cells. HTI1080 cells were
transfected with MT-MMP plasmid (MT-MMP), vector
plasmid (control), or treated with 100 wg/ml ConA.
NIH3T3 cells were also transfected with MT-MMP plasmid
(MT-MMP), vector plasmid (control). Aliquots of conditi-
oned medium were analyzed by gelatin zymography as
described in “Materials and Methods”.
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Fig.7. Immunostaining. COS-1 cells transfected with MT-MMP (MT-MMP) or vector plasmid (Control) were stained without
fixation using antibody 113-5B7 and goat anti-mouse 1gG antibody conjugated with fluorescein isothiocyanate (FITC).
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Antibody: 113-5B7

, y &
(o)
Plasmid: & <N
0°° i\
(kDa)
97.4—
66— . MT-MMP
" (63 kDa)
45....
31—

B

Plasma
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Fig.9. Processing of latent MMP-2 with plasma membrane fraction of MT-MMP transfected cells. (A) Western blotting of
plasma membrane fractions. The plasma membrane fractions were prepared from the COS-1 cells transfected with MT-MMP
(MT-MMP) and vector (control) plasmid, and analyzed by western blotting as described in “Materials and Methods”. (B)
Gelatin zymography of plasma membrane preparations. Plasma membrane fractions of COS-1 cells transfected with MT-MMP
(MT-MMP) or vector (control) plasmid were incubated with (+) or without (—) conditioned medium from HT1080 cells. After

incubation, these samples were analyzed by gelatin zymography.
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Abstract

Matrix metalloproteinases (MMP) are important enzymes responsible for the dissolution of extracellular matrix (ECM)
structure during tumor invasion and metastasis. There are nine known MMP that are encoded by different genes. However,
the complexity of the ECM components suggests that there are more MMP involved in the efficient turn-over of ECM. In
addition, a membrane-bound MMP is postulated as an activator for inactive latent MMP-2. Thus, to identify such new MMP
genes, cDNA were prepared from various sources and MMP gene fragments were amplified by reverse transcribed-PCR
(RT-PCR) with degenerate oligo primers corresponding to the highly conserved amino acid residues among MMP family.
Fragments were subcloned into a plasmid vector and nucleotide sequences of 168 clones were analyzed. 112 clones were of
the known MMP genes and 5 clones were cDNA fragments of a new MMP gene, which were homologous with the MMP
genes. A 3.4 k base pair (bp) cDNA was obtained from human placenta cDNA library by screening with this cDNA
fragment as a probe. A long open reading frame that potentially encodes 582 amino acids was identified. The deduced gene
product had similar domain structures to the known MMP and a unique 24 hydrophobic amino acids stretch (transmembrane
domain), which is sufficient to pass through the plasma membrane, at the carboxyl terminus. This predicted transmembrane
domain at the carboxyl terminus does not exist in other MMP. Thus, we call this product membrane type-MMP (MT-MMP).
The product of MT-MMP gene was detected as a 63 kDa protein from the cells transfected with MT-MMP plasmid.
Actually, immunostaining of the cells transfected with MT-MMP plasmid using anti-MT-MMP antibody revealed that MT-
MMP expressed on the cell surface. Working on the knowledge that the expression of MT-MMP on the cell surface
consisted with the activator of latent MMP-2 described previously, we investigated the function of MT-MMP as such an
activator. Expression of MT-MMP results in conversion a latent MMP-2 (66 kDa) to an active form (62 kDa) through an
intermediate form (64 kDa). These results suggested that MT-MMP is the activator for latent MMP-2.



