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Bl BIAER < N vy 72Xy ar a5 7 —+¥
(MT-MMP)OZEH E ¥ T FF—F¥A (MMP-2)
EELICE L ToESRE

SYCRFEEEEERIIF 2 — I (T | BT Eig)
% L& A

BEORHE, BEROERBTHRNA~ ) v 7 A, BIZEREOFEELTVEI S — 7 OS5 RPELETHE. VEDS
— SRR R T AEHEE S FF - AL S F ET ﬁl’?ﬁi%’(@%’éfﬁﬁ\ THLNTWE, EI5FF—FYADFHELIZD
WTRAHLZELE» o7, FOHMERTELTERE~ M) v/ 22507077 —+¥ (membrane type matrix
metalloproteinase, MT-MMP) #3#0% CRE & N7z, AHFZE T 58 B0 R MMBESR £ 45 & L TMT-MMPORB & 204
KA BITBEE T FF —FABULET L LTOWREREZMRET LA, /=Wy 78y 51 ¥ 7T MT-MMP mRNA Ok
BT ABESEHSTEO LN, FOEEMAREICH T 5 (tumor tissue/normal lung tissue, T/N) (3 3.19 + 1.62 (2961),
FE R 83.00 &= 1.44 (24 %1), KHINEIE 4.40 £0.47 (361), /MMM 3.63 £2.11 @F) TH -7z, MT-MMP I 5 R Rk
Fefn TIIE L L TBRAMA M s, —SoMERMEEmRCnBERNEMEs e shi. €7 F - YA mRNADRIIZ
DV & EEMGI SR B0 Lh oo, EFF WAL ST 74 —TIEHE X 5 F 5 — £ A ORI
CBWTHEILEHTH 72, F72, €I 77— Y AFBMUALSID) ¥ @B EEEA THEICHETSH ) MT-MMP mRNA®
WL L CHBLE. DEOEENS, MIMMPIZAERNIZBWTLEFERY I F - YAOFHMRTE LTHEL TS
0, EHLELBORE, BBRO—RETHOIERELRLTWE ZEARBINL.

Key words membrane-type matrix metalloproteinase (MT-MMP), gelatinase A, cancer metastasis,
lung cancer

PR OGBSI ECDEMLE AT v TRLETH 5 THEb FM%@%%%%%L%:&@T% v ERTR A

A, G THRMBERY 12 A&, FOREERICBVTHM o ECM % B LT 2 201213 2 6 o1 MMPs %
WIRERE & % o TV A HIAY Y M v 7 X (extracellular matrix, AL+ 20BN H B, FBE, WERYT S E-ALR
ECM) OWELNRU R ThDH. 2, £0O—HETH 5 ALK ERREGIZ A S LD T & HHIS NEEEE & ORELTRIE STy
BVH -7 2 ERELEEL, 7320, 747037 F 590,
v, NS UNEEE, TRTFA S O E A Ak BEIY 5 F 5 - YA IO MMPs &35t 4 ) 77
M OFRE =B TH Y, BAEIRE, BETLL01I2izIN R3Iy, PTYrnEnE) yTOF T —EBIZEEE R R
SOMBRG % 0RTALEFH LY, INLONMEEE L T IOREEAI I K C OB R 2T LA S T a2,
T M)y 7 AA%1T7357—+ (matrix metalloproteinase, JEEl< b)) v 7 A A% 07057~ (membrane-type MMP,
MMP) %, ZORELEBEL OHBE»SER SN, $ICN MT-MMP) (MBI EE R 4 1 > %2 35h, €557 F—-EAZH
Bas -4 ,5@ssNVMas Y F—E0EEHRSINTE BNZEEILT 5 MMP & LT, Sato '™, Takino & ™2 &1
AREN 5 & iz,

VHasS 4y +—¥iZlizEs5F+—LA (72kDa-VEI 2 F 75 AR 92T I SE ML FE DI BR AL #L % )V T MT-MMP O 583 &
—¥/MMP-2) £ ¥5FF—-+¥B (92kDa-VHE 25 57+ — ¥ ML S FF—FAFRELEOMBE ARG L, HHRN LB
/MMP-9) #& 1), Wb FEBERANRIC BT 2RI WTMT-MMP 2S£ R ¥ 5 5 F — ¥ ADOEHILRFTH Y,
WEENTEL™, Lirl, Zhbo MMPIE, BERIGHTE OB, ERICEELERSERLL LI EEVIFTAT
e WBENBEL LTHwshsoH, ZOBEEHE L - L WA

SERG94E3 A 19 B2, FR9ES A6 H S

Abbreviations : bp, base pair; DAB, 3,3’ -diaminobenzidine tetrahydrochloride; DEPC, diethylaminoethyl
cellulose; ECM, extracellular matrix; HSA, hoase serum albumin; MMP, matrix metalloproteinase; MOPS, 3-N-
Morpholinopropanesulfonic acid; MT-MMP, membrane type matrix metalloproteinase; PBS, phosphate-buffered
saline; T/N, tumor tissue/normal lung tissue
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1. ERERATFE

199347 205 1994 4E 3 F £ TIZ SR KFE RIS — IR C¢
G R & L7 B T R A B & B8 B D MBS M &, 2T
L LR —EG o E# i Has 51587, SEliid40~792F CF
65.22F), PERLGEM4060, 1861 TH o /2. FHEMMRES
FTIE, 206, RMNELE24 6, KHIMLRE 3B, R
2 BITdH - 7o MRS AN S 2R BRIz L
Ao,

I. ¥5F Y1 EI/571—

¥I5F o HWAETT7 4 —I3RIEMEFIT7ILT IF
PLBRKEHEO PV TOY T F  oRiEc L W iRibT 57
BETHO, ¥IFF—FABLUET FF—-EBOMINIZ#ER
TWb, AEBTIEHeussen 5P DN EIZHEL Tiro /2, T4
bbb, YWEHKEEE Img H72 1 10 2 1O B [10mM Tris-
HCl, pH6.8, 20% 7 ')t — ), 2%SDS, 0.1%70E7 = / —
VT —=] THEELL 37°Cf“20 SHEEHE L2, KICEIRT
4000 [0l4z: /93 (rpm), 5 41 Ol U BUR & 572,

R 10u1’$:01%~lz7ﬁ'*/7i‘ L10%EKV 72N T I NIV
TSDSPAGE #{fo7z. kBT, 7 Lx25% 74 X
10012 T30 M s T2 Mk L, S [50mM Tris-HCl,
pH7.6, 150mM NaCl, 10mM CaCl,, 0.02% 7 TP T A
(NaNy) ] 12T37C, 24MEEEIG &7z, KDk, 7L &Y

WO[30% =% 2 — b, 10%FERE, 0.3% = —”Z7UU7VFT

I — G-250 (Sigma Chemical, St. Louis, USA)] | T2
E%%L,m%ly/ww,umMM_TMéLfﬁa%/u
fREZ L.

AR B L UOEUEME S F - ARENEFN66KDa,
62kDad /Ny F& LTHENZ., &30 FEHE¥TF o
EFVY RA—F—IZTHEL, ¥ FF—YAIIHTHE
HEY 75+ — ¥ ADH (62kDa/62kDa + 66kDa) % 7 55
—E AR E LCHI L.

. RNAQHHE & /- ToyF s> Tk

1. RNAOHIL

Pt 1gdH 720 10mIODH WM 77 =2 5437 4 —
N, 25mM Z T UL, QIM2 AN S TR /=,
05% N-Z7 a4 Loy fgrr)oa) 22Tl
BibL7z, ZoMEz, 1/10F 50 2M [ilEr 1) 7 4,
pH4.0, 1 BEOKBM 72 /=L, 1/5HFENO 711 +;u\.
AT 2NTIa— )b 49:1 BAWE AN A, ®INZ &R
MU, 1599KkE Lzfk, 7=/ — Vil 217w KkkE (v.l:.%f;"e)
ZEEO A 7O =V EIZ, L RAILT-20°C 1R
EL7. 4C, 10,000rpm, 204 #.0L C ik 2Tk,
RNA DL % 0.5ml D CH5ER L THED 4 v a8/
—LEMATHLRD & IZRNA % Ll S &72. RNAOL#E%
JrIFv¥uahvAEi—1 (diethyl pyrocarbonate, DEPC) 4L
BAMAICHBBL, 7/ — Vi, =&/ —Libil%it-
7z. RNA®iLi#% DEPCALEAMAKTHER L, TIBERT (£
FLUV160, B, =) 2V, 260omDOD Z#EL, 1
OD %40 p g/ml & LCERNABREZHIEL 7.

2. J—¥rruviFa4rrEE

—MFIZDE 10 gDERNAZHV, ThE50%FNVAHT
IFN(FHIATAY, 5H#R), LTSRDRNTY ¥ E2EL %3

N-EN R /-7 3,82 A5k 7 (morpholino-propanesulfonic
acid, MOPS), pH7.0 (2 L, 65CT 15 MG & &7,
LO% 7 8 — A5 W1 T 2%MOPS A CELKEN £ 17 - 72, kil
WIiBOTVENLIKY FNRX Y7 5~ (Amersham,
Buckinghamshire, UK) 12§55 L7z, HEHO X ¥ 7F » 2 UV
ANFE—=1rHh—1800 (7F+ Y, HE) 2HVTHEE
254nm DESH12007 4 ¥ O V2 — L EEE L, RNAZ A »
7T IZEE L.

3. Tu—-7ToMK

REBETHEM LA 70—~ 7HADNARELTIAIFN, ¥F
F =¥ A, MT-MMP, Actin {57134 CTHERRKRED AR
77 A b RERIEARICIHEBAE A H 5 Sk,

YT FF — ¥ ARGT AHIBRBEE EcoRl (HIMREEHIE§ T
SN, WHEMIALL), BamHITY ) SN D 155wl
%f (kilo base pairs, kbp) @ ¢cDNA, MT-MMP #{% (& EcoRl T
)0 Hi & 5 3.4kbp @ cDNA, Actin #{5F1d Pst 1 TEI D &
1% 1.2kbp D cDNATH 5.

_nbmmM%%n%ﬂ%@fovw+754A-5NU

7+ % v b (Amersham, HH) 27T [ «-32P] dCTP
(Amersham) HVCHEREL, 2.05.0 cpm/ug DTG % B0
ARV 4 VAN

4. N4 TN L L= ar

WHE EHRD A XTI o E#50%F VLT IV, 4BRE
SSC, 5 il 7 L M (0.2% R E=—nEry K,
0.2%FMiFE7 VT I, 02%7 1 a—), 0.1%SDS, 20
ug/ml B 7 FDNA (R—1) > H— - w11 AIZA,
HE) ohDTLNATNTAE— 3 Vi 10ml £ 42CT
6 IFRHIBIG g7, MINBIOWEIET, TLnf 7y 1E
— gyl Im \ZHEE LT -7 R, AT T k42

CCIGMERBE S &7, BN THR, X v 77 & 2M5RIE
SSC-0.1%SDS |- TELRTHER L, 0.2 153 SSC-0.1%SDS 12T
55 CT300MokEx 2iry, 1R2EHOA— 7475
T4 =R LT BRSO ALy ROWATN S 72 ) OB
P&k N4+ 1 A~ T A #F— (Bioimage analyzer BAS1000,
Wl ) Tl L7z

V. feEBfiaE

L. M

AEERIZ N 72 58 B0y 5 10B1 035 7 4 v W
7 AR LS At A b U s, IR A 1, k1R L
400, JHINRE 1B, AR LB Ch A, #%7a Y 7 %3 um

OELSIZHEIL, 0.02% )L Yy TAT 1 FIZfF S

T 71 AU Rk L 7.

L SRR YR

n/74/w HLANNT - I8 )= VRHITHLST T
1L, 03 "o;.nil",i’ML/k,ka[k Pt F oy —Hn7n
v 7 R EB T30S, KD, 0.15M %8 i
(phosphate-buffered saline, PBS ) (pH7.2) - 3% 7 < LG 7 V7 3
> (horse serum albumin, HSA) CIHFRINEICO 7T v 7 £ &
BTI504T 2 72, LRk & L CHMT-MMPHifk (113-5B7,
BLHATE, &) 4pg/ml% &L PBS0.1% HSAL 4T T16
BRI RG S 7. T Vg <~y R 1gGHLE (Vector,
Glostrup, USA) & ZiRT30HRInEE, AMVT ITEY -
YA F NG R Y5 — EHEAE DAKO, Glostrup, Denmark)
LELIZ30NE ER, BBV T I/ RIFIY (33 -
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Fig.l. MT-MMP mRNA expression in human lung
carcinomas. (A) RNA was extracted from surgically resected
specimens and northern blotting was carried out. Filters were
probed with *P-labeled cDNA fragment of MT-MMP gene and
the same filters were successively reprobed with gelatinase A
and actin gene probes after washing the previously hybridized
probes. Molecular sizes of the transcripts were 4.5 kb for MT-
MMP, 3.1 kb for gelatinase A and 2.0 kb for actin. T, N, Lm
and Ln are the tissue samples from tumor, normal and lymph
node with or without metastasis, respectively. The
radioactivities of each band were counted by a Bioimage
analyzer and the ratio of the values between the tumor and
corresponding normal tissue (T/N) is indicated at the bottom
of the figure. (B) T/N ratios for adenocarcinomas, squamous
cell carcinomas, large cell carcinomas and small cell
carcinomas were compared and the X value for each type of
carcinoma is indicated. Adeno, adenocarcinomas; SCC,
squamous cell carcinomas; Large, large cell carcinomas; small,
small cell carcinomas

diaminobenzidine tetrahydrochloride, DAB) (Sigma) &
(50mM Tris-HCl, pH7.6, 0.006%H,0., 0.03% DAB) THfh &4,
AT ME) CTHBEELERLAZ. 2, BEERE LT
5005 IR L 72 IEHE <7 R 1gG % LRILED b ) IZfH L

D S E TR E4T - 72,

V. #EEHLIEE

BoNIAERTRTTFHELIERFEETRELL. EOHE0E
BEEMEIII Welch D t BE L HVy, fERRTE S5 %Ki (p < 0.05)
FHEEEDVELHELL, FR200KEEOMBIZ oW TR
Pearson DFHHFRE TR L, fEIMRES %R (p<0.05) ¥ HE
EmH LHEL .
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1. J—¥r7avsra ik

B AL 2 81T 5 MT-MMP mRNADOSH % / —F v 70y
F 4 ¥ FEICTHE Lz, MT-MMPmRNA @ 583113 4.5kbp @
SNy FELTHRE SR, MifEASs S RS b I1280
BNz (M1A). T/, IZEACTTOERT, LEHEMHE
AR THBEMTOBREE R S . —F, €957+
—+tA mRNADZEIHIZ3.1kbp D /vy F L& L THRH S N7228,
FfEHLAE L ER RO D W IZRBEEOERIIFED Lo

B

Fig.2. Immunolocalization of MT-MMP. Sections of a resected
lung adenocarcinoma were prepared with anti-MT-MMP (A)
and with pre-immune serum (B). MT-MMP was mainly
localized in and on carcinoma cells.
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Fig.3.  Gelatin zymography of lung carcinoma samples. Tissue
lysates were prepared from the same samples as those
analyzed in Fig.1 and gelatin zymography was carried out. Pro-
gelatinase A (66kDa) and the activated form (62kDa) are
indicated by arrows. Gels were traced by a densitometer and
the relative ratio of the bands (62kDa/62kDa+66kDa) was
calculated and is given as an activation ratio (%). The T/N ratio
is also shown at the bottom of the figure.
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2. MT-MMP mRNA ® 383 & Jilifa ik 5y

J=HrTay T4 v SETHRIE SN 45kbp DY FOHL
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BAS1000 (= CTHEMM L, TF % MG HLAR (<0 3 & I 58 MLk o 1
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Bl T/N fHIEBAKE3.19 + 1.62, R LRME 3.09+ 144, KH
Wed# 4.40 £ 0.47, /IANIEHE3.63£2.11 THY, &£586ITIk
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(281 5 MT-MMP mRNA o i 5l 58 31l 0 R EY & ORI
=T wWEEZ L.
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Fig4. Activation ratio of gelatinase A in lung carcinomas. (A) The activation ratio of gelatinase A in nomal and tumor samples was plotted
separately and the % value was calculated. The value was indicated by %= SD; *,p<0.01. (B) T/N ratio of tumors with (n *) or without (n-)
lymph node metastasis was calculated and plotted. The value was indicated by ¥+ SD; **,p<0.01. Normal, normal lung tissues; tumor,
tumor tissues; n(), negative for lymph node metastasis; n(*), positive for lymph node metastasis.
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Fig.5. The activation ratio of gelatinase A correlates with the
mRNA levels of MT-MMP in tissue. The T/N ratio of
gelatinase A activation (Fig.3) was plotted against the T/N
ratio of the MT-MMP mRNA levels (Fig.1A). Correlation
coefficient, r=0.750; p<0.0001.
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2. ¥ FF—¥AFHEE

S58FEB DX T FF — ¥ AF AL I T 54.1 £ 9.4%,
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MT-MMPORAEIREE LTI TH b, —H&0C B R AR
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Abstract

Degradation of the extracellular matrix (ECM), especially type IV collagen in the basement membrane, is a critical step for
tumor invasion and metastasis. Gelatinase A that has type IV collagenolytic activity is expressed in a variety of malignant
tumor tissues in an activated form. Pro-gelatinase A has been reported to be activated by the enzyme specifically expressed on
the tumor cell surface. Membrane-type matrix metalloproteinase (MT-MMP) was identified as being expressed on the cell
surface and being capable of inducing activation of pro-gelatinase A in vitro. This study was wacle in an attempt to clarify the
possibility that MT-MMP can be the activator of pro-gelatinase A in tumor tissues as well as in experiments in vitro.
Expression of MT-MMP mRNA in 58 cases of human lung carcinomas was analyzed by northern blotting. MT-MMP mRNA
expression was nigher in tumor tissues than in the adjacent normal lung tissues. The ratio of MT-MMP mRNA levels in
tunor/normal tissues (T/N ratio) was 3.19 & 1.62 for 29 cases of adenocarcinoma, 3.09 = 1.44 for 24 cases of squamous cell
carcinoma, 4.40 % 0.47 for 3 cases of large cell carcinoma and 3.62 == 2.11 for two cases of small cell carcinoma, respectively.
Immunohistochemical analysis revealed that MT-MMP was mainly localized in and on the carcinoma cells, some of the tumor
stromal fibroblasts and vascular endotherial cells. Activated gelatinase A detected by gelatin zymography was also
predominant in tumor tissues compared to that in normal counterparts while the difference between their mRNA levels was
not significant. The activation ratio of gelatinase A in tumor/normal tissues (T/N ratio) correlated well to that of MT-MMP
mRNA expression and to the lymph node metastasis. These results suggest that MT-MMP is indeed the tumor-specific
activator of pro-gelatinase A in lung carcinomas and is an important enzyme in initiating invasion of the basement membrane
by the carcinoma cells, through activation of type IV collagenolytic pro-gelatinase A.




