Localization of Matrix Metalloproteinases and
Their Inhibitor in Pulmonary Carcinomas
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BRI B~ ) w7 AR ZaT AT 4 F—H
_FOREL, B BEROBTE - ERIC BT HRE—

GIRKFES SR LH R CEFE © RIZIREED)
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(PRt 42 A 4 B2

oS BBBFs< )y Z7A2Z RS BT 47—+ (matrix metalloproteinases, MMPs) £+DA vev¥
& — (tissue inhibitor of metalloproteinase-1, TIMP-1) DR 7 &E 22 HHW T, AR IR S Atz IR (R4
B, BVl ERE300, IE R L B0 MRS OB Lol 7 61, KAl 3 41, MBS 3 01, BRBUE 200 2R L
<, MMP-1 (= 5 7 —+), MMP-2 (72kDa €557 —¥/V# 2 5 55— &), MMP3 (A} m A F 4 >V - 1), MMP-9
(92kDa ¥ 5 F 3 —€/NH 23553 —+) 8L TIMP-1 OREEBFEHR/ELRI L. ThbD MMPs 0 55 MMP-1
& MMP-9 127 h£h68.5% & 64.1% O ESICREARICEBERR L. E#Eﬂ@%”i;ﬁ&)za)l‘%‘&ﬁlﬂﬂ@@kb%bi MMP-1 #
27.8433.3% (BBMA = 71.97+1.70), MMP-9 7312.9+20.5% (B A=271.3041.38) TH 7. —J5, MMP2 &
MMP-3 2 S A D 303, 3% & 5.4% TBH &R+ DR TH » 7o, TIMP-11118.5% D MFEAESI TR 2R Lichs, fih
DRI HRIZ]1.246.5% (BHEA = 70.25+0.63) KB ¥ o7, MEHEAKOERE EFHPCHW S hic MMP-3, MMP-9,
BIU TIMP-1 24 v FA v F4 5T v A IDER L. TORKRE, MMP-9 £ WEIZFHEER (0.2920.40nmol/g #
WEE) LTS (0.2040. 22nmol/g BAER) s\ TERMIES (0.12£0.16nmol/g MHKER) L H bAECRET
Bt (p<0.05). —F, TIMP-1 S EHRE (2.77+0.92nmol/g MAKEE), Mgk (3.5542.38nmol/g MMER) ¥ LUE
A (3.1942.22nmol/g FMER) OABETEEERBD bhih o, MMP-3 12 Z K HPROIEFITOIMIE S 1, ik
(0.1140. 27nmol/g M#E ) TXIFERIF (0.0420.25nmol/g MMER) B L THRCEETH -7 (p<0.01). £7FY
S RRVEME L BB (24.7246.9u/g MEREE) 3\ CIERIFES (6.6+12.9u/g MMER) L H ERCHME LR LL (p<
0.01) . €5 FvH7 AL L— b P ABSKE TR, EELETF v o RENZS T 887,000, 64,000,61,000, 52,000, ¥4
049, 0001 AB S+ 2 M HEB L. Shb D5 b= #ixFh FhBER O MMP-§ & MMP-2 KT 5 EE L bR, &
87,0000 € 5 F v A REM AR B TLRLECRD bR, UEDF— 213, sy T3Sl TEE S
72 MMP-1 & MMP-9 7 TIMP-1 & ORic Rigfi 24 U, SME0B I - BB s Mgt~ + Y » 7 205 E B
PRATIEETBLTONS.

Key words lung cancer, invasion and metastasis, matrix metalloproteinases, tissue inhibitor of

metalloproteinases, immunolocalizatioin

g EEEEO P T LMINROELE L VER T, 2P
BBEROR LT L2 bbb T ER DD TTFHE
REkBEHBEECchS. MEMRANTHERL ELTH—O
ATy 7L, MR L A HEReREOMNA Y » 2 A
ONfRE, MBEEEBONER IVNEHNBE~DRATDS.
ZOX O IEMEORE - BB BN Y v 2 ADS
BEBASMEEIEET S LRI MbhIHETHD,
THETCETD 7S AOBASMBHEIBE IR LEL. £
RED3HTh, 2~ w2 RARAERT T 4 F— 4
(matrix metalloproteinases, MMPs) & i 2 —FEORERIZ A
BRCHEETHIRESTOMBM < U v 2 AR R PR T
SRLEBAZ L0k, ERRORHE - BBCEELELLRT

WA MMP BETF7 7 § V-3, BEE CIK—RBEDM

Shicdis £ R DEEE D Bjﬁmgn—cb\%ﬁgm), Fh

HOBEIEWIZEBEO 4 v b € & — (tissue inhibitors of
metalloproteinases, TIMPs) 12 & » CH{EIC = v b r—AEH
TR 55T, Akl TO MMP &M TIMPs & O
R AL S A DORERT B LEL LR TV 5. FD
B - EBwET A I E TO MMPs BT AR,
Rk R HBRBY A AV BE 2 S <Y, b MERRTRE
FEWSI L (B e 3513 5 MMP-2 OREIDBH E R TS
T ERG. Fh, b FEAMIC SV TEB O MMPs &
TIMPs DREREDOHFWEXRE LGSz hE TRDD
g,

ABFRTIE, MEEANC T 5 MMP-1 (= 77— )
MMP-2 (72kDa + 3 59 —2/N#M a2 5 55 — &), MMP-3 (*
FeLaSA v v-l), MMP-O (92kDa €59 —%/NHa 7Y
F —) % X O TIMP-1 D& SR EmREL BT L

Abbreviations : DAB, 3,3-diaminobenzidine tetrahydrochloride; MMP, matrix metalloproteinase ; PLP,

periodate-lysine-paraformaldehyde ; RA, rheumatoid arthritis; TIMP, tissue inhibitor of metalloproteinases
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L1z, MMP-9, MMP-3 3 X U TIMP-1 D8 & 2 5WE
LesFVHREREIIEL, ZhibD MMPs A EH KD
B - BEBICRL TR OVTERLL.

MHEES LT HE

[. #ie b MMP-1, -2, -3, -9, &40 TIMP-1 $itk

MMP-1 i3 B Hithi2, o MMPs L RO s H L
FFU A ERBBOT ¢ 2 BB (Val-Gln-Gly-Gln-Asn-Val-
Leu-His-Gln-Tyr-Pro-Lys-Asp-lle-Tyr-Ser-Ser-Phe-Gly) & %t3
BARATF PRFEE LTEB L. ¥/, MMP-3 &3
Ak, 18MEIMI Y ¥ = 5 (theumatoid arthritis, RA) YRR
gz B Okada B OJTE™ THER MMP-3 ¢ #5811, %
heHiEELTE/ 2 —FAHERFRLL. b,
TIMP-1 1+ 5%t 3 Kodama HDHE® Te g L b
TIMP-1 8L, ASER LA, MMP-2 & MMP-9 i3t
+3E/ 7 v —FNHE (ThZh 42-5D11 & 56-2A4) 1o
T, CORHRUERBEROBICER LSS E2BCHE S
T3P,

MMP-1, -3, B XU TIMP-1 &+ 5%/ 7 a— > Hilk
3, fURELTHWEEEATF A5 WIERY AW IEER
EARBRET v 21 T—RAZ V)V —=v Lk, Blkrea—
YOV, RA BEMRERBKELHAVCTI A/ 7 ey MR
TEAZY—=vZLi. 44/ 7 8y Mi, BREABTHHE
IhEBEHY= ekl e —ABIZETEE, £/ 78—+
theedF b~y 2 [gC s HWT, TSV -4 F
VR FtF v E — £H A (avidin-biotin-peroxidase
complex method, ABC &) TREI®L. ThbDHkTH
bhtzBt s v — iz oW Tit, EHKEF v ¥ v (Sigma,
St. Lousis, U. S. A) ZAE L7 RA BIEEGE2 »HCTRER-
BROCHFER LB 7 e — v il Lz, 5 vy VITEE X
heBROMRABHE S L CHEBO VAL TEIRIRDL I L
nh, FHEEC oW E D MMP-1 -3 8L TIMP-1 o#fE
BHRCENREL BRT BECEMRD = 5 v VAEAThA
TWBP . Zhbic Lk h MMP-1 -3, TIMP-1 i3 5 4 R4
fh 41-1E5, 55-2A4, 50-2F6 %57,

1. BhREAEKE & X BREERH AR

FHANC GIBR & 7o A A AL AR O 24 B & FEHE SRARLAROASE
Bl bl & L (R — AR, SRS L& BT
BR L 0. BRMMEEM O NFIL, 56041, K326
T, TOVIHE@HIZ6T,349.0F (40F —85F) TH o7z, ¥
Te, FEREEAEMRE IR I 3\ C A OFEINR S R L &
Wiz Zhs Oy S E X 2-3mm KHETL, 2 4
MEx v o Vs L OSERAE FT3TC 3RSRIRSE L. Zh
DORBEA L RUBEM B Y PLP EEKTAC, 15~2485]
FIEH, <574 vaABLE. T, <574 villE~~}
FUVV o azF U 2S5AFH - TUF— Y VHRE
LUERRE LB B L. WS OEGBINT, s
CRIM IR S T L.

. WREOfERGSReE

RITAVEF R A 2D T 22 ) -V RIITH S
74YL, MY Fv v (Sigma), 7 ¥ FF—¥E (R, =
R), 78+ —%E (Sigma), $5 127 =57 -+ XKV
(Sigma) CITCL0HMLE Liz. F0H, 0.3%BEELAR (=
ERM{L%, W) L0.1%7 Sfbd b U v & FEMEK, %

R) wkaElE LA F U F—EDTry 2L, FEY~<Mm
#& (DAKO, Glostrup, Denmark) 12 & A EERURIGED T v v 7
#, ¥ MMP-1, -2, -3, -9 H 5\ TIMP-1 Hith & 904 =R
TRIEE®%. RWT, vw—E4F L+ v x gG Hitk
(Vector, Burlingame, U. S. A) L304RIRIGL, A LT+ 7
Vo v—ErsdF v -t X—EEHEHE (DAKO) &304
BMRE®, 7 37 <_vs 2 v (3,3-daminobenzidine
tetrahydrochloride, DAB) (Sigma) &J/&% (0.05M Tris-HCI,
0.03%DAB, 1%H,0,, pH8.0) THE I . i, BHEREE
LC500f5 i ML IEH < v 2 mfE (DAKO) % —&kiithkDh
bLHFEAL, AEOFETKIEEIT 7.

V. feEilgatotE

Fua bk 2 BN R OBk S0 s RO EIs Y E R
kLT, BEr=7 & LTELL. BEERORD Sl
a0, EMlRcaT Bl RN 0~10%, 10~
30% ., 30~50%, BIVBO%L LOFEETHENRB_EA =T
1, 2, 3, 4&£EMLY.

V. ESHEEERO MMP-3, -9, &40° TIMP-1 OF&

i, WM&, BLOFEEBOFHERKRLTELEMTH
IX1IXImm REIL, T O8I PI0E0.2%5 7 b7
7 3 KM (Gibco, New York, USA) # 4 7s Roswell Park
Memorial Institute Media-1640 % (Gibco) 2ml 5 T37C 2484
B Ui, BEERW LMY 0 TR, SRy EOLT
BBk LA BRELTED LY —20C THRE L.
i, HEBRRFIERERLCEEEYNE L. COKELE
EHOCTHY FAL v T4 577 v AP TMMP3, 9, &
O TIMP-1 #F& Lic. B5 R e/ 524 EsE s 4
WEHhALZhbEBER (g 2WENDO MMP3 &
MMP-9, & X O'TIMP-1 04 FB(Zh ¥ hb2,220, 78,426, ¥
£ 70°20,685) X 04 F& (mno) #HE L, RSEEKRER Y
DELE (nmol/g MIBER) ¥ RD70.

VI. €5 F B EHOAE

LR o#EE F#E Y, BAEN MMPs OFMEFITHD p-7 ¢
J 7 = = VEEEREE KR (ImM) (Sigma) &, €V v e F 4
F=EEVRT TR T 4 F—EA VR —THBHT =
WABVANT =N 704 ) F (2mM) (Sigma) & N-=F
< LA <4 F (5mM) (Sigma) f7#£ F T, Harris H® 0 H LK
RoTHCESF v EBE L TESF Vv HIRIENEY T » €4
Lz, "C-¥5F i3, BB LABIEYEI M5 —-»rve,
“C-fE K BiBE (Amersham, B) TS L, REEY: (60T, 304
BB W X0 €5 F UL LTHERA LK. €35 F v Mgk,
EHEBER lg 40 0B (WTH LK. ik, | BIoXS
FUSRERE, €3 FVEITCIRISWT I B v
THEETHS.

VI. EFFHTIXIL—bELICEDETF L HRBRNE—

> OBRE

Hibbs 5% @ FEIZHEVY, €55 v (0.5mg/ml) #&irAY
TZUINTIFFL (87207 ¢ F)REM LA, FkRo
B R FRTRETACTESF VYT AL — S
CERKEI L, YV EEMEE (50mM Tris-HCL 1M ZnCl,
10mM CaCly, 2.5% Triton X, 0.02% NaN;, pH7.5) T#E#%
JNCTRIGL, ¥FF vz —vERF L. aB, €7
FUYYTAL V= P FLTREBRKE R ERLNE LB
®, EHECABIRTLETH- . BREKEBHAAZ v 47— 1L
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LT, wAKY 5 —+b (94kDa) (Sigma), e P} T/ AT = )
v (T7kDa) (Sigma), v v M7+ 7 ¢ v (68kDa) (Sigma), k&
VS e 7Y v ESY (55kDa) (Sigma), SRR 7 AT TV
(43kDa) (Sigma), 2V K=y 27 v FIF — & (29kDa)
(Sigma) & i\, HBEEBMHEOOS FEYEELL.

VI #EEHRRORRE

sk b O MMP-3,-9, TIMP-1 &, B X 0¥ 5 5 v
Ed DN, Mg, SICEBEHOEREIC BT 5 RER
Mann-Whitney 8%E T{T~7z.

513 &

. WEOREERS

B S i 028lR, ATHIIRE (o {eB32f, ho{kil 8
i, Ea{eE 7 ), 0BIIRT LEE GO 96, ot
BITH, EHLEAG) THY, IS L RP LEE DMK
SORELETH RE>RELEE LA, BE<REFE LK
FEofl, BE=mT LR LA, KEEE 28, KMiE 3
B, IMAREIHITH T, IRENBEOEFEY=F 257 -
TUE—Y vREYGHRALTRE LcL 25, BIRRED SN
b b Mo SEAII 2341 (RS 1061, RF LB 9 B, KAk
2 Bl% L O IENE L R LS oM RS DR LIcHE 2 ) T,
BlRE Y v AEOHHCBEYROIEMISHITH 7. E
fo, Vv BERORETEBIERIIA BRI 5 .
WRELTIHEER L 0EBLALCUMEFAOCKEMDO > B, b
I TEFF B DR S FE G236 T, MkBEE LTHEL
. FOWFIZIEC S LM% 2 5, B4
B, RERMERIEERE 1A, RYREFE LA, B X OGRS
MedehiE (BBOV v AREBMEERIEE, SIU0RE~DXRE
e & YR la OB 158ITH - . IEFIHEANLT LA T
Botedt, ThbIIEE+ OREDNA MO BE HD
btz

I. HEEEEEEREORE

1. EEske & 2 aiagnatkoft

MMP-1, -2, -3, -9, $8 X0 TIMP-1 12, \Fhd RA #BIEM
BBl - PWERBZ EDXABRATVS, £ZT, RV
VAE LTz RA BE# % periodate-lysine-paraformaldehyde
(PLP), pA/ 7, BEUHRAL~) vOFEEKRTEEL, €
DAS5T 4 VERZOE MMPL, -2, -3, -9 % XU TIMP-1 &
ST B HEE BV CREYRE Lic. £ORR, PLP BEEEAT
BEABMUEBETEABORAEDOT, AERTEH B2 2T
PLP E®E L7,

2. 257 4 vEIFOMEABR X D RERGkEoEl
REERAEOEBDHRYRETHENT, XY VAR

#

L7z RA ¥R & SRR 27 7 4+ v, 0.1%0
VYT, TFF—XE, TrF—*¥E, HH0ET e
7 — & XXIV C37C, 105 FH0E LB fELeE L. 0
R, ThHBEOI BT Y 7y VRS AR e by
Liz. L L, 0.1% OBRETIIRIC YA OMILIES, Mg
BORBAB AR Ohi., 22T, BEBREYRET 1y
W, 0.01%, 0.02%, 0.04% D + Y 7 v CRICMLE L1
Z A, 0.04%2\EREGE ORTE L a0 O S TRERE
TH-Te.

3. R VY VMR X BRERENE O

RS, SREIERRS & O RA BB =X vy vE
ERBIOEFALTC IS LB & RAEER L el
L, MMPs % X 08 TIMP-1 &3 5 ST B s
Liz. RA BENC 3\ T3, MMP-1, -3 & TIMP-1 OBz =
F vy VALBEERTHBICALORD O L, ROAER TR
CRAKOEBRMBEOLNES TH . L, MMP-2 &
MMP-9 O GERE Mt L TIEEma RITB b n Tt s,
fo. BEARC BT ARRYE LIRT. MMP-1 BEEARR
R VY VAAEEAR L T ONBEAR L ORLEBERTERE
168.5%(63/925E61), 73.6% (67/9LIEH), 63.6% (14/22i
#l) thHbh, MMP-9 BHIEFASIZ T h £464.1% (59/92
Bl), 62.6% (5T/9LFEH), 59.1% (13/22fEHI) TH T, ¥t
TIMP-1 BRM:FEFIH318.5% (17/925E M), 17.6% (16/91f
), 9.1% (2 /225EHl) TH Tz, —H, MMP-2 & MMP-30
R BT B AERENIZOWTIE, £ TCORTHBMEM
BULUTTHotz. ZOXHE, RAIBEEAWLE L 3RS
FELEHBTE, T3V Y vORECH b LT REREED
BB E S, SRRV TILE R v VBRI
BT LUSH SN TIRIh - 128, ERFE T TR v v VLEE
AR DTS R A3 L BT Lic.

. MMP-1, -2, -3, -9 3 LU TIMP-1 O %EBEB{tFHE

="

&3 v VB U R AR (92REH) 1o T MMP-, 2
-3, -9 35 X U° TIMP-1 OJEMIIC 313 % R7e % S L
WRE L. FOREE, 32 om Mg B R e wt
o, & LT MMP-1 (83/925E 41, 68.5%) & MMP-9(59/%2
FEBl, 64.1%) TH -72. MMP-1 & MMP-9 O p\Bt: Ok
BIVTAT.8% (44/9261) T, MMP-1 % B\ i MMP-9 D&Ett
OB FRFEN20.7% (19/9241) &16.3% (15/9261) ThH-
f. Eio, FEMRBC R D MMP-1 & MMP-9 0Bt~ 27
W, FRERL.97H1.70 (27.84+33.3%) £1.30+1.38 (12.54
20.5%) TH-tr. ZHIEN LT, MMP-2 & MMP-3 Jttafiitt
BR LIIERIE, T h 2 RBGERD3.3% (3/9261) £5.4%

Table 1. Effect of monensin treatment on the detection of matrix metalloproteinases
(MMPs) and tissue inhibitor of metalloproteinases-1 (TIMP-1) in the pulmonary

carcinomas

Rate (%) of immunoreaction-positive cases of

Number
of cases
Treatment MMP-1 MMP-2 MMP-3 MMP-9 TIMP-1
Culture in the
presence of monensin 92 68.5 3.3 5.4 64.1 18.5
Culture alone 91 73.6 - 2.2 5.5 62.6 17.6
No treatment 22 63.6 0 4.5 59.1 9.1
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(5/92) LB TH oI, —T5, TIMP-11318.5% (17/924)
DEATHEMASBIERT AR Lc. LaL, TIMP-1 Bk
RO BT BB 2 71k, ¥ h20.2540.63 (1.2
£6.5%) TH 1. BRI BT 5 MMP-1 & MMP-9 O
g, g, RP LS, REBLRTLEBORG LIcE
g, BIUORSLEOETTHELCWL (EF2). -7,
MMP-2 & MMP-3 (2% 0 M2 D 7o\ W HTH - e
5, BELEBCBVTOR MMP-3 BEMAESNL13.3% (4/30

Table 2. Summary of the histological and immunohistochemical data

Bl) LEmE <, KO {LET MMP-2 BHEA % 1 f
(16.7%) #dtz. TIMP-1 vk, R4 LR BRI 6 fiF 3
Bl (50%), KREET 26l LBl 50%) TH -7, RELK
R DM OBI TIRPE DR D ARBEHTH - 1o
MMP-1 & MMP-9 ZIRBEEMOT0% U LBl TH b, 4
Ml RO B R AR LTV B EAR D - o (K
1, 2). ZofF[E MMP9 TEHETAH b, BHROSLE E
BRI o fn. —, MMP-1 BBMEMR TS ¥ AY

MMP-1 MMP-2 MMP-3 MMP-§ TIMP-1
Histology Number Rate (%) of  Positive Rate (%) of Positive Rate (%) of  Positive Rate () of Positive Rate (%) of  Positive
of cases positive score* positive score positive score positive score positive score
cases® (%) cases (%) cases (%) cases (%) cases (98)
Adenocar. 47 72.3 2.28+1.72 2.1 0.02£0.15 2.1 0.02+0.15 70.2 1.51+1.44 25.5 0.36£0.76
(35.2435.4) (0.21%1.46) 0.010.07) (16.5+23.4) (2.05:£8.92)
Squa. cell car. 30 36.7 1.30+1.53 3.3 0.03+0.18 13.3 0.13+0.35 63.3 1.23+1.38 3.3 0.03+0.18
(13.9+23.0) (0.02:0.09) (0.08+0.23) (11.2+18.6) (0.03%0.18)
Adenocar. + 83.3 2.3 0 0 0 0 7.4 0.71 0 0
Squa. cell car.
x‘r"""p‘d“' 2 100 3.5 0 0 0 0 33.3 2 50 0.5
Large and
omall cell car. 6 66.7 3.3 16.7 0.67 0 0 33.3 0.33 50 1
Total cases 92 68.5 1.97+1.70 3.3 0.07:£0.44 5.4 0.05:0.23 64.1 1.30+1.38 18.5 0.25+0.63
(27.8+33.3) (1.09:£9.43) (0.03:%0.15) (12.9+420.5) (1.20+6.53)

Abbreviation is as follows: Adenocar., adenocarcinama : Squa. cell car., squamous cell carcinoma ; Adenocar. + Squa. cell car., carcinoma with both adenocarcinoma and
squamous cell carcinoma components; Mucoepider. car., mucoepidermoid carcimoma; Large and small cell car., large cell carcinoma and small cell carcinoma.

* Rale of immunoreaction-positive cases.
* Posilive scores of immunochistochemistry (mean+SD).
‘ Rate of immunoreaction-positive cells (mean+SD).

Fig. 1.

adenoc'arcinoma of the lung. Paraffin sections from the
lung tissue treated with 24 M monensin for 3hr were
stained by avidin-biotin-peroxidase complex method using a

Immunolocalization of MMP-1 in the papillary

Monoclonal antibody against MMP-1. Most carcinoma
cells are intensely labeled. Hematoxylin stain. X 185.

Fig. 2.

Immunolocalization of MMP-9 in the papillary
adenocarcinoma of the lung. The tissue was prepared and
stained using a monoclonal anitibody against MMP-9 as
described in Fig. 1. Note intense labeling in the peripheral
cells of the carcinoma cell nests. (arrows). Hematoxylin
stain. X 370.
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BB VTR ARBEARER ST A2 - v ERLE
(M1). 205 bRFELEET, BRACTHAMBEE TV
Uiz REL (®3), i, MMP-9 2E & Rk
SELDFRERC At S BT B O MR Bk & R 3 RE S
Mot (B4). 88 & RT LEEOMRS % & UEEPR
SESE TR, MMP-1 % X 08 MMP-9 B i 2 el fa Bk
AR BB EMIC D Bhic. MMP-2 BB D 3ESID 5> B X
MRS TLTH9909% D FEMAD S MMP-2 BB AR Licat, flid
g & RE L BB TR E R ERI10% £ #90.5% DR AR
RIS IS A R E e » 2. MMP-3 iZRF EX
T AGICRIE N A D iz s, BRI L B h Ti20.5~
| YBEEE e -7z (K 5). TIMP-1 (BHEMRs, £TO
A 36\ TBRBE I DB T A IR E T -
- (®6). ¥, REARBROEMELE ZhbD MMPs ®
TIMP-1 OREREBMEAIDOHERLEORE 2 — I—EDB
RIZBD ORI o1,
BRSO > BT, BOREIRS K 2B
FAEEE TIMP-1 & MMP-2 Bé4aRL, < A
MMP-1 & MMP-9 4 BBMTH -7 (K6, 7). T, MER
A4t TIMP-1 BB T4 b e MMP-9 $ 35 L7z
(K 8). XHic, MEFEGMEEDS LiX LT TIMP1 &
MMP-9 BE% TH - 7. S LR ETRE LM
JAan% ik MMP-1 BB#ETH D, BED D IIRFLE{LEY
i LB A TIE MMP-S LB o7, F i, KIERT
Bam o 1B L i b e MMP-9 BT -

R L i B e .
. o # = w h e

Fig.3. Immunolocalization of MMP-1 in the moderately
differentiated squamous cell carcinoma of the lung. The
monesin-treated tissue was stained as described in Fig. 1.
The carcinoma cells located at the periphery of the cell
nest are positively stained (arrows). Hematoxylin stain. X
370.

i

fo. BiARRVE PSR Ui AR s O XA MMP-1 &
o MMP- Bisc G L, =05 bLbEYTEMMITE
MMP-9 M TH 7. ERIFERCE T MEog
MBI L LiE MMP-2 & TIMP-1 BBt Th 0, Hilika
Mk MMP-9 & MMP-1 #3B#% 7R L. Ly LIEBTESG
W st B BSOS B YL B LR R e D Fh
DHELMCEETH .

V. MMP-3, -9, &40 TIMP-1 O

WisE, ERM, SIOMARBIERRPCIBLL
MMP-9, TIMP-1, MMP-3 &% 4% v F1 v F1 A/ 7 v (i
X b PIE Lic. MMP-Q (X IHRE88IEGI-RA8HY, Mig226E firh
156, TEHMTUHEGS33M CHIEMMEL LOBE R L. %
gk MMP-9 S, Mk lg oD ThEh0.204
0.40nmol, 0.2040.22nmol T, D 0.1220. 16nmol il
REBEEETH -1 (WFhb p<0.05) (K9). —3,
TIMP-1 1258, Mige, % IOEEMEKOLFATHREIH, *
HERNER 1g H72h 2.77£1.92nmol, 3.5532.38nmol,
3.1942.22nmol THH, 7N —THCBTLDOHWER
BFEZERRD LIk -7 (K10). 72, TIMP-1 © MMPY
R BB AL, B, Bifk, X OCEEMTERERLGHME,
17.84%, 26.6(TH -7-. MMP-3 1251741, EEM 34, 1
Uli% A FlcommamIhic. ThEROFHEIR0. 11
0.27, 0.04+0.25, 0.180.52nmol/g KEKERTH Y , FHEH
BCREFERBCEELABCHETS - (p<0.01) (¥
11).

e TN R T g e e

Fig. 4. Immunolocalization of MMP-9 in the well differen-
tiated squamous cell carcinoma of the lung. The carcine-
ma tissue was immunostained as described in Fig. 1. using
2 monoclonal antibody against MMP-9. Most carcinomé
cells are intensely labeled with the antibody. 3, keratin

materials in the carcinoma cell nest. Hematoxylin stain. *
370.
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Fig.5. Immunolocalization of MMP-3 in the well-differenti-
ated squamous cell carcinoma of the lung. MMP-3 was
localized using a monoclonal antibody against MMP-3 as

&
Fig. 7. MMP-2 immunolocalization in the moderately
differentiated squamous cell carcinoma of the lung. Many
fibloblasts (arrows) are labeled but the carcinoma cells are

described in Fig.1. A few cells (arrows) are positively
labeled. Hematoxylin stain. X 370.

not stained in this field. Hematoxylin stain. < 370.

Flg.ﬁ_- Immunolocalization of TIMP-1 in the mucoepider-
moid carcinoma of the lung. The monensin-treated tissue ; : ‘

was stained as described in Fig. 1. using a monoclonal Fig. 8. Immunolocalization of TIMP-1 in the lung tissue
antibody against TIMP-1. Fibroblasts (arrows) as well as with fibrotic changes. Most capillary endothelial cells are
the‘ carcinoma cell (arrow head) are labeled. Hematoxylin intensely labeled with the antibody. Hematoxylin stain. X
stain. X 370, 185.




350 R

V. E€5F > 0REHN

1. 7oA IIBER

MC-ESF v ERAWTT v ed Lkt F Vv RBERORKE
R 121K . EEIESSIERIF 6441, EFMILTIEA H41
B, Wig 222 EFR 0B TRIBEI Wz, BEEAO S BIEN
(24.7+46.9u/g HMER) X ERMOEY: (6.6112.9u/z H#&
EE) T L CERICE#ELRLE (p<0.01). LiL, Th

p< 0.05 p< 0.05
20 1 |

’g °

i)

.5 o

B

B L ]

5 L0

g

£

- 3

g

= 1.5 i

{‘. °
0.5 % ']
g o

*
00000000000
000000000000

0

Carcinoma Normal

Fig. 9. Amounts of MMP-9 secreted in the culture media
by the lung tissues. The tissue fragments from pulmonary
carcinoma, pneumonia and normal control were cultured
for 24 hr in the serum free medium and MMP-9 protein
was measured by the sandwich enzyme immunoassay.
Each number and bar represents mean (4SD).
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Fig.10. Amounts of TIMP-1 secreted in the culture media
by the lung tissues. The assay was performed as
described in Fig. 9. FEach number and bar represents
mean (£SD).
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Fig.11. Amounts of MMP-3 secreted in the culture media
by the lung tissues. The assay method was as described
in Fig.9. Each number and bar represents mean (+SD).
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Fig.12. Gelatinolytic activities in the culture media of the

lung tissues. The culture media were prepared as
described in Fig.9. and the activities were assayed
against “C-gelatin at 37C in the presence of 1 mM
p-aminophenylmercuric .acetate, 2mM  phenylmethan
sulfonyl fluoride and 5 mM N-ethylmaleimide.




IFE DRERS < bV v 7 R IREER 351

Y FRHERELE (®13). Thb¥ s v HfEko 5> Ltk
i1, FOHFEOKE ENLLREHR MMP-9 & MMP-2 1248
wrntEL b, MMPQ BEEMO Y ks, BRI, M
gOV v INTRD LA, —J7, MMP-2 E#: v VidsE
1164/88%0, IEFIHTIZEL/T261, Mgk TiX16/2261TH LN,
44 F852,000£ 49,0000 % FU3HE39/88%, TEHMi46/7141,
[ik13/22CHA IR, ThbDESFVvHBERDI L
MMP-9 (4 FE#87,000) DS v FIXIEH 5 \ it BB % I
bTETOBETHD AV FI DR BHBERD bR (K
13).

% =

MMPs 13, B4 DRIBNA~ ) v 7 AR R+ 58
DAEBTET 4 F—ET, ThETIRERSI0EEOBEN
HEIRTWAY. i, SBERK VLTI EO— %L
BREZATWEY, Zhbd MMPs 2o Bl - B8
rBEETHZ L, BEte FREPLEBEORICas—4 v
BN BB L 2Ty —CEREDO LANBE IR L DR
Emsp  HRBEEMARLkS MMP-1 #5531 R2 5% 0T
EHEEL I niEHIhTEL. L, ZOo8BTRLEE
iRz, VE =5 -y v iahk L ERROBEBEE & 2

Fig13. Gelatin-gel electrophoresis of the culture media of
the lung tissues. The culture media were electrophoresed
under the non-reduced conditions on 8% sodium dodesyl
sulphate-polyacrylamide gels containing gelatin (0.5mg/ml)
at 4C. The gels were washed with 50mM Tris-HCI,
pH7.5/1 #M ZnClL/10mM CaCl,/2.5% Triton X/0.02%
NaN;and incubated in the buffer containing 1% Triton X
for 20hr at 37°C. The representative cases of squamouns
cell carcinoma (lane 1), adenocarcinoma (lane 2), carcinoma
with adenocarcinoma and squamous cell carcinoma
components (lane 3), large cell carcinoma (lane 4) and
pneumonia (lane 5) are shown together with their normal
counterparts. The molecular weight of gelatinolytic
activities was calculated on the basis of the mobility of
the protein standards including phosphorylase b(34kDa),
human transferrin (77kDa), bovine serum albumin (68kDa),
IgG-heavy chain (55kDa), ovalbumin (43kDa) and carbonic
anhydrase (29kDa). Major gelatinolytic activities with Mr
87,000, 64,000, 61,000, 52,000 and 49,000 are indicated. C,
carcinoma ; N, normal ; P, pneumonia.

EEDMHB%RT L5 Liotta 5P DMETHD. VE=5 —»
VIIMEREROTE=25 - ¥ v Th b, BETIE MMPs @
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LHONE =2 - Vv BEED 5 5Tk, MMP-2 & MMP-3
DETEBE L OBGRTRE IR, e, MMP-3 13, <
v ADRBRNEBEECE T, BLICfE - THD mRNA
BROCEBIhAEETHHEREIAEBIRLEY. 20
#®, MMP-3 1BIL T3, & P RPLEEECSVC mRNA 0F
WRBEABONAZ ENLFRENELR, ZOBEEHL cDNA
A7V —mbEHLIE MMP-10 258 S hi®, —F,
MMP-8 i2# « DB D 5 5 T & BB % EE kT
X o TERMESWI B EH/ETATHE™, Lal, e b
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RE, EARLORCESF v RERVREE L LS,
MMP-1, -2, -3, -8 @ 5 LRI CAR - YW h 3 T ERE
12 MMP-1 & MMP-9 T 5 = & 2B L7z,

MMP-1 i3, BB L BB B aBmine +
DRFENHE STV, RERIEMME OB =
S—5vTehH I MENBas -7 ORRNSEBEETHD
ZERBY, Bl £ 5 MMP-1 OEARBEMROLEA~
ORBECEETHD LHEEINS. —J, MMP-9 1%, 19894
KX D—REEFER I NN H L MMP E&EF7 »
IV -DAYA—THEY, Y, ABMBOLEHRER
MMP-2 L2 [AET, €5F Vv N HBIVO VRS —» v
DEBEIEZLNTER™, LhL, BE, EZ2HEY
MMP-S Renb DIEBUMCTE 2 5 -7 v 3 RiEL #D
fit, 1Has—-rvoa2@rdbBRESMTHZERAGEL
o, ¥, KABRIBRRENE | Bas—r v omigrsTs s
ELHEINRTLA?, [ HLeM# 25— 4 i3 MMP1 ®
MMP-9 OfFFIC X h Z0RFBRESMIND L, kT3
REHEIHEILES F v IERTHZ EDRNBRT LAY,
MMP-9 %, TOKEDOS LTHESFICf LG E W ILTE
MraT2Y. Fi, BEEOFEaS - F v ThHr V=
5 — ¥ KT BOMIENL, 3TCIZEB LTIt MMP-2, -3, -9
D 3 HTIE MMP-9 #3850 2 &A% Murphy 5% % » C#
HEIhTw5b. EBIC, Senior bYW IR AR =F A5 ViR
ERDPAZEXBELTVAS. #-T, Z20OL57% MMP9 ©
HEERML, WEMRORN - BB filgst~ r Y » 2
ADGBICABENMEDTHEHLT VA E VW2 LS. Z0L57
BAD OAPFRIC BT B HiEMED MMPs O4fixH5 &,
MMP-9 23 @B LS O MEMcSEcRE L Tw e L3
DTHEEIND. BLDEMRE S MMP-9 29W LAC
DEEBELYSRL, EHABEMBEOMEN~ MY » 7 A%
BUCHETS L &b, Migiiia ik MMP-1 & O RERH
TR = 5 — 7 Ve SR L THRCBIEEE BREL TN 550
EEbhs.

ChECHEAROBRELVE =S -7 v iaERcET 5
PFae Tk, MMP-2 OREFHBFI T X090 i F,
W0 BREY, 3 X UK ST MMP-2 BSRIE X R
TWwa. L L, MMP-2 i ZFSERR CIBMIaD A7 5,
L ULAEEREOMR R, EFOEERRBOMET 2,
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1BHERET ) v~ FEBEMATRIEBMIET B oMM
ETHD. T, MMP-2 1243 L b BMlinc A e B R T
oD bmhice. KFRICEVWTS, MMP-2 23 & I
CHBEERTOREEADDL T3 IXITERLORKL,
BARSLERMEROMEBECELT s REFMRCRBEE TR
MTHoTo. F-T, Ple LB R VT MMP-2 3%
OB - EBCEELRETRiTLRE L.

MMP-3 i3 Tl Rk 3N a5 - ¥ vE oML, 8
- EBLBEGEOHS MMPs D—2s 4E2Hbhb. Ll
SEOBRBTRIND LSBT EHEES O
5.4%1c LB Cidis <, M COFERER Tl Ll X
o, L, RELEEBCEELTA5 L, MMP-3 iX
13.3% DEFITHEETH h, FORRIIERROEBRE KT
THEAL DD EELZHLNE. MMP-3 3~ ARBR¥ LK
Bee VRELERBICEWTED mRNA LA TELERE
NBEVSIRETOHRE LERTH LB VTLEA
BILDECPE S TR D MMPs DA - WA R T
BAREELE .

MMPs DJE# L, ThOREEBOS ve 2 —Th 5
TIMPs X > THEZFAMHIH TV, TIMPs 1137 3/
BTN B\ TA1 % DA 2R T TIMP-1" & TIMP-22 K
AMEh, WwFhd MMP EME% 1 [ 1O EALTHETS.
BT, EEPTIEMMPs OEERNRINCKIT % TIMPs &
* EES B OABEREENHBTAEEL LR TS,
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MMP-9 % MMP-2 DiEHD & ic b TR ERIBER OTE L F
HLEMLTWBZERNELNEE T WA Zhbnz
L, BT &5 MMP E4AER—EDEAE T, TIMP ©
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TW5h. RE, Swiss3T3 il B\C7 »F+ v 2 RNA #
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HET 2 EHEIhTW3Y, i, AEBEEEMREKC S
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SRR LMTT DI TIMP-1 OREEEEFE~OSWE
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HTHIBECE T, B 5D 5B O R
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IR 51T 5 MMP-9 E4 BN ER A i LEE
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L crt MMP-9 i kAafifac kT o LEL BB, ¥
o, BACERE L2 EOXAMR-CIFFIRC & - TR AK
O MMP-9 EABREFBRERLLLDOTHAS. LiL, [
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TIMP-1 123 & LTI E O BHESF M o R s

Bk L, MMP-9 138k & KAMROMECHRT 2 L8
ha. BEFgHO MMP-9 & TIMP-1 BXERE Y )0y
FHRTAD L, Wi, ik, BIOCEFEMAETH TR
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BT ER, HBEEERDO MMP-3 EEENE VG EL 45 -
Lle 2k, EMRAREOENA < P Y v 7 AR BT AR
WIhDOBERET v ¥ 2 — L ORBEIE LT B
AE. RE, BREFOYS F U HRERENET S &, i
FER T RAE B TR IER MEFIC BB E WEE BRI XA
oo ZOZ R, ik &b IHRRIEERO X 5 B0y
B BFROBAIIE AW, BEEEA Ve 2~ LMK
AEEIFETAZ EERLT WA, €7 F v BEETIE
WMEsTL, BV v aTF F—ERVRATF 4 VT rTF , Fe
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ESFUHFTRA L b= b PRI LBHHTIE, ¥5F vHRE
HOEERRIIS F BT, 000 B T2 MMP-S TH 1. =
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L, ROEREE.
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Abstract

In order to study the roles of matrix metalloproteinases (MMPs) and their inhibitor (tissue inhibitor of
metalloproteinases-1) in invasion and metastasis of lung cancer, MMP-1 (tissue collagenase), MMP-2 (72kDa gelatinase/type
IV collagenase), MMP-3 (stromelysin-1), MMP-9 (92kDa gelatinase/type IV collagenase) and TIMP-1 were immunolocal-
ized in the carcinoma tissues surgically removed from a total of 92 cases: pulmonary adenocarcinoma (47 cases), squamous
cell carcinoma (30 cases), adenosquamous carcinoma (7 cases), large cell carcinoma (3 cases), small cell carcinoma (3
cases), and mucoepidermoid carcinoma (2 cases). Among these MMPs, MMP-1 and MMP-9 were immunolocalized in the
carcinoma cells in 68.5% and 64.1% of the lung cancers, respectively. The ratio of immunoreactive cells to the total
carcinoma cells in the specimens was 27.8+33.3% (positive score, 1.97+1.70) for MMP-1 and 12.9+20.5% (positive
score, 1.30+1.38) for MMP-9. On the other hand, of the total samples, MMP-2 and MMP-3 were positively stained only in
3.3% and 5.4% respectively. TIMP-1 was immunolocalized in 18.5% of the cases, but the ratio was only 1.2+6.5%
(positive score, 0.25£0.63). Amounts of MMP-3, MMP-9 and TIMP-1 secreted in the culture media by the lung tissues
were measured by sandwich enzyme immunoassays. The levels of MMP-9 were significantly higher in the lung carci-
nomas (0.29+0.40 nmol/g weight) and pneumonia (0.20+0.22 nmol/g weight) than in the normal lung tissues (0.12+0.16
nmol/g weight) (p<0.05). However, there were no significant differences among TIMP-1 levels of the samples from the car-
cinomas (2.7741.92 nmol/g weight), pneumonia (3.55+2.38 nmol/g weight) and normal control (3.19+2.22 nmol/g weight).
MMP-3 was detected only in a few samples and the amount in the carcinoma (0.11+0.27 nmol/g weight) was significantly
higher than that of normal control sample (0.04+0.25 nmol/g weight) (p<0.01). Gelatinolytic activity was also remarkably
higher in the culture media of the carcinomas (24.7+46.9 u/g weight) than that of normal control (6.6+12.9 u/g weight) (p<0.
01). Gelatin-substrate gel electrophoresis showed that among the major gelatin-degrading activities with molecular weizht
(Mr) of 87,000, 64,000, 52,000 and 49,000, the former two of which were considered to be precursor forms of MMP-9 and
MMP-2 respectively, the Mr 87,000 species is a predominant activity in all the samples. The results of the present study sug-
gest that MMP-1 and MMP-9 play pivotal roles in degradation of the extracellular matrix macromolecules during pulmonary
carcinoma cell invasion and metastasis, probably as a result of the imbalance between the production of the MMPs and
TIMP-1 by the cancer celis.



