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BEEERD LEESATVLS. EEORICIE, B
EEOELM TS 2 BFMIEZ O b O H matrix
metalloproteinase 1 (MMP-1, 254+ —¥) & E4L
LY, ZOERC LV EEBEFOI S-S v 2R BT 3
rEZHNTWS . —F, BRLEOBRIVHEME
Kl TOAAEET, ZOBRNIBKD 70X L&
HARBERICL I BREOMEL VD 2 BETHETT
2% ARILLIZBEEHRARAKFFHANLZ NI L
pe, REKO7o v REEASEERCL2BEED
MRCHETH S . WEHRRZEKREBCESE,
BATARR LY H 270 b8y 7OERICE D
METOBBRNE~N L HRELBHKZ2TE 5. o
T, BRIVE XY QHI-5) HOEAI LY T L
(40— 50mM) DR BET 0 &4 0, BIEEE TH
WERERTAT IV YBRL TR T 7 LR
ENBLEZONT VD™, EE 377> BEL
REEBOREY 2 — PRZEET 5 Z Lot ah
Twa? i, AREEEER I EFMICHER
THEAER MMP-1 BREL?, #77v > Bick b
ERABCBIS—F 2 0@ T oA BB L
w3 Ly»L, BEMHREINhE T MMPs 2 E4XE
THEVWIREFIE LB L, MMP-1 4D MMPs»s
AXRCEEEOSRECEET 2 LORELTDOSNL
W,

APETIE, MMP-9 (92kDa ¥ 5 # + —¥/IVE o
FHEF—¥) KT BT 7 a—F LR ERIL,
AEEFO RA BAETHEM, MESZELESAEBB LU
BEMREC B ) 2 REEBLENREERET S &
Lz, MMP-9 OBEEMEELA BRI BT
BEBMEORENI DL THREL .

HEB L UFE

1. BAEE MMP-9 no¥58l

BER MMP-9 13 H 2B D EICRE - THRML /-
B 3 A F (tumor necrosis factora , TNFa )
(100u/ml) THIBL - & MRHEPAE (HT1080) #Hfa s
BEWREHM B EL, DEAE® L u— R, Green A
Dyematrex ¥V, ¥ 3 F ¥ 7 vy u—2Z, # (MMP-
DIgG x77o—2, #fi (TIMP)IgG £ 7 72— A D
ALz av 57 4 — &M THEENMMP-9
REBE L TR

1. EEHEY 0T

BERMMMP-9 # 1.0mM p-aminophenylmersuric

acetate (APMA) /E (37°C, 24F$RE) THEMEL

HEL2ORE 27-37°C) TEALEY PEBERI B Y
ZFy, ENVEY PREERBAEE I HaZ -7
Y, ETFVARERBIEE I B -y (VS
ot BV MAMAR, FAYA), b REHEVE o
=T rBLUEIOAIF L EALA Y FaR—} L
o Rit#, The0fBERE SDS-RY 727 Y
7 2 FFNVESIKE (sodium dodecyl sulfate-polyacr-
ylamide gel electrophoresis, SDS-PAGE) 12 T4347 L
Jo. BBANEME I B o 5 — 4 213 Glimcher 590 A3
WTRBL:. ¥5F 32D 1 8as—2 0 285
T (60°C, 3043F0) UCPEBIL . 7, VB F—%
yebEbwRyFrRE RREL EEIARE
B, A8D & Dahlback 4+ (V> FR¥, Ax—7F
Y)Y EOEEasnk. B, BAEEIHa -5 >
1325% 7 U 20— /0. R EERIBEW T THREY S A
W THE®R, FHEEH K G0mM Tris-HCl, pH
7.4/0.15M NaCl/0.02% NaNy (Z3&BHF L TR /.

. MMP-9 Ei+5 Cat* gl

1. €757 afEtEofE

BT M: I Bla 5 — 5 v % Gisslow 5D AHEIC &
D C-EAKEEEE (Amersham, HF) THEEL , BEH
(60°C, 3043fEAB) izk ¥ T F kL. ZThiE
B & LT Haris 5 P0OFEIZ Lz -> TE T F > 5l
EHET v LTz,

Ca* D@ xR+ 2 BN T, EIEE MMP-9 0¥
FF S 2 OBE (0, 0.01, 0.05, 0.1, 0.5,
1, 5, 10, 20, 50, 100, 200, 500mM) Db H L ¥ 7 ATF
EFT7vx4 L. £72, 10mM & 50mM (kA v
Y LEET T, AR MMP-9 #1.0mM APMA &
4 vFar—bFT 3 EIZLDEEEERETL 2.
MMP-9 %#{&fE L 28 E R, S Ca 2K T 212 H8
f2oTik Cat” 2 & £ WEHEWK (G0mM Tris-HCI,
pH7.5/0.15M NaCl/0.02% NaNy/0.05% Brij35) T¥
it L7z SephadexG 10 # UL 2 A E > & 7 49T
iT-7z.

2. a5 =4 EENE

BeulEE I Mo 5 — 7 > 2iEdEs MMP-9 10,
50, 100mM O{LA LS P LGFEETFTA ¥ F 2 X —
bL, #FD5RED % RITKET SDS-PAGE (2745
Frlrz. 272, 74 70 VIEEALEE (35°C, 4 () L
PEAEN I NS - LIz T VR FETR
L, 512, ARSIz I—7 21220 TY

polyacrylamide gel electrophoresis ; PLP, periodate-lysine-paraformaldehyde ; RA, rheumatoid

arthritis ; SDS, sodium dodecyl sulfate
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V. BRRBNEBFEMBNHERE

gz L D Es N ERERMEEE 69F, kL
98F, BH) 2EYIL, 0.25M 7 > %= 7 K30 0LHE
#% . 0.5M ethylene-diaminetraacetic acid (EDTA) iZ
T 4°CASBEMIBIK L 72 . &R THEE KR (50mM
Tris-HCl, pH7.4/0.15M NaCl/10mM CaCl/0.05%
Brij35/0.02% NaN,) T4 8%, MMP-9 (8.6
18 H 5 ITEEE L ITCURMKITL, 7 v -
FALFE R L UEEA R L ATTEEEL 2. 8
Rk, TECEEL, BEYREERY 7 -V E
REESSA B L R0.1% ) vy v SR T L EEREEEL .
EFEEME H500 (H3L, ®HF) CTHEBEL.

V. # MMP-9 itk D4R M

R MMP-9 @ 7 3 / BECHIYH S MMPs&
EREOS WY 3 /BRI E H VR £ oL ER
Mz T2 R7FFEARL, FNOEHARKELLTE
77 o—FAdifkEEE L (SRKFEERSEMEH
Kz MEEENAELETESTE ERMLE
+ + OIERIE). BT F R EHIE L L7z ELISA
ETHEERLEID—v 28524477y Mk
rREHBRE TEA U —= v 7Lz,

1. 44770y bk

HT1080 #RAT & b B X /- BB MMP-9 (53 F&
92,000) & EHARRERET7.5% K 77 )T & F
FLCERRER, EAE= oo —RABIZEE
L. frwC=toero—RfEE MMP-9 (233 3
=/ 7u0—FAfikr A F o bHie Y R IgG Hiik
rRISER, TESY—EAFr -t sy F—F
# & 1k % (avidin-biotin-peroxidase complex, ABC
) THREaL:.

2 . HT1080 flai=sts 2 BRI IBE
Fhpvva—Fy I e ANFr—c FxN—/R
54 ¥ bR L 72 HT1080 #ifa % Hembry 50 A
BACREV 2 u M E A > v T 3 BEERMLEE, perioda-
te-lysine-paraformaldehyde (PLP) BEIZE# T 4 °C15~
ISEEE L. NBE L TERY & v ROAEME £
BuTRBOBEE* T o7, #HE30.5% Triton X
T 5 AN, ) v BEBEBRTHSEEL, I
MMP-9 &/ 7 o —F+AHE L BRT 1 BERIGE,
ABC BCREREL .

3. W7ER MMP-9 OyE ML L BEREHICN T2
EHER

&R MMP-9 % 2mM diisopropyl fluorophospha-
te JLFEL 7297 MMP-9 &/ 7 u—F A Jifk (57-13D8
B EU 56-2A4) £37°CT 1 BEKEE, 1.0mM

e

APMA E37°C, 4BHERIGL, ¥ 7 F v 3 EEk %
WC.EFFLERBOTT v AL, £7, BHR
MMP-9 #@E /7 u—FLHifL37TC1RRLEE
XSIZER IBBEEL, Y5 F v HREEE R
BEL.

VI, 18M4REET Y v v FRAETHES  BEMREIC S

5 MMP-9 B/

1360 RA B3 X O A TEAENE MRMTHF - BAET R «
RIS B AR L 72 BRERL B EE SR 2-3
mm ZHPIL T2 M A Y TITC 3 RHELE
L, PLP EE® T 4°Clo~18KHEE L 7. RV T,
&5 & DHENZ DL TIE 0.5M EDTA T 48K RIBRK
B, IhaxTT7 4 oEBLE. EEEESRARC
WTIlE, ABBEHEHCEREER I CNT 2 ATH
EIE AR B s N R 2RO TETLEL A5
74 AL, ZhaD/87 7 4 PHIRIZD EER
{tAhETORAER~LA FL F—ED 70y 7%, E
B CHEBENREEHEEL, 5 MMP-S fitk
FIBEERTRIGER. RLT, vR-EFFy
kw7 A RGHAEREEE, AL T ITEYY
LIARmE R G, YT IR FIY,
3'-diaminobenzidine tetrahydrochloride, DAB) K& #
(0.05M Tris-HCl, pH8.0/0.03%DAB/1%H0,) TH
¥, 2hs0REHZ DWW T, MMP-, 2, 3 iy
ERPES (SRAFERRMEHAER HEk
BENEIZIRGY) AL TR REREL 2. MR
LT, E¥E=vZ G 2RV TEBRIZREREL:.
$7-, Ex Y UAMELRTHOBEMBERRICD
% EBOFET MMP-9 & MMP-1, 2,3 ORERE
FRAETHRT L. BEMEEO —HOMETER
& REED E $ Tissue-Tek O. C. T. compound i
AR L EEIE 2R L 7. EREYIFIE D&, YA
#i MMP-9 1gG & fluorescein isothiocyanate Tkl
rHie v 2 IgG ik EBL TEXTGMEBETRE
R, S5 ICBEMERARE.2% S 7 T
'3 v &t RPMLE1640 R8s C24m5RIRE L, B
#ygthoo MMP-9 O7#FFE% 57-13D8 & 56-2A4 *H
WTAL/ 7Oy NETHRE L. 7, Hbbs 5”
DI > CEEEEEIERTRETL T T
ARV —FRIZERKEIL, €75 LSBT
ERRETL .

VI 73 FILAENB7 AT 2 >~ HEREAEH&OEH

Yamashita &% @ HEZfE->TT 3 FAL4IET Y
3 > (amidated bovine serum albumin,aBSA) %4t
ErLTHEELEY b - L =%, AR,
m%%%)%ﬁﬁt,ﬁﬁﬁﬁﬁﬁmﬂﬁ%
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(0.5mg) SEALCHEELZFEL:. HEMAFE 4
g, 18, 2B&OBMEZRRHL, 24 MEA>
3y TITCIRMAE L. £, T E L TIEES
srLEy BRI ERRCAELL. SO
% PLP EE#, EDTA THIKL/¢F 7 ¢+ > @HEL
b 857 4 YHIFIZD & EROFET MMP-9 O
EEwEL.

VI. EpRIIFNETE—DRE

HEMEE S RA BIETEHER, EEELE Y b
RO aBSA FHERBIEARBIERS L UEEMR
B0/57 4 VYIRIZDE, vHFHE O x s F
ye7s— (aVe 3)HitkeHuvT bR oBERM G
TrOBERRN L. £, BEMREECODVWTIR
BRI S, HATGEEBRETLRERHANL.
BB, HENDRZF ) 7Y —HikIE Vogel L

A
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Fig. 1.
with MMP-9.
(860 ng) at 37°C.
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1. MMP-9 o4&

1. MMP-9 O#EEHEMN

AEZOEERESII DL TRAZE BSEICHRE
LTWwW3. 22T, EMETRELBICHFET 2L
OMBIS =+ U v 7 Rizxy 5 MMP-9 OfER £ KR
L.

EHR MMP-9 3BB[R as—-7>D8 1,
QHABRMIIMEL, a 2L S TFEHKI, 0008
A7t 5 2 Lo SDS-PAGE FEZEshiz. 7%
VARERBETBE IS -y > Tk, A1, 2#
La 2 HONEOM, aHOERBILVELIFLL
THEEAREMELL (R1A). 7z, MMP-O i3

C
12 345

Digestion of acid insoluble type I collagen, type V collagen and vitronectin
(A) The insoluble collagen (~200 xg) was incubated with MMP-9
After terminating the reaction with 10 mM EDTA, the

degradation products were analyzed on SDS-PAGE (7.5% total acrylamide) under

the reducing conditions.

Lanes 1 and 5, the substrate incubated with buffer alone

for 0 and 24 hr, respectively. Lanes 2-4, the substrate incubated with MMP-9 for

2, 8 and 24 hr, respectively. Arrow indicates the insoluble polymers.

a and 8, a

and B chains of type I collagen. (B) Type V collagen (15x g) was reacted with
MMP-9 (600 ng) at 32°C and the products were run on SDS-PAGE (7.5% toal
acrylamide) as described in Fig. 1A. Lanes 1 and 4, the substrate incubated with
buffer alone for 0 and 24 hr, respectively. Lanes 2 and 3, incubation with MMP-9

for 8 and 24 hr, respectively. a« ,

a chain of type V collagen.

(C) Vitronectin

(8u g) was incubated with MMP-9 (600 ng) at 37°C and the products were

subjected to SDS-PAGE (10% total acrylamide).
buffer alone for 0 and 24 hr, respectively.

4, 8 and 24 hr, respectively.

Lanes 1 and 5, incubation with
Lanes 2-4, incubation with MMP-9 for
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VEBaS—F U HEESEL, a, S#ELLOTE
92.000—29,000D %MD 7 7 7 A ¥ MiZHEINT:
(1B). 1BEIF ida lfta 2#in@ALES
TELSHESNT . Bz, Eruoix2F v inFaE
75,000 £ 68,0000 2 FD /8> ¥ & L THkEIE 528,
MMP-9 3 s 2HAEDESTF I Z 7 A MIZHE
Lz (B1C).

2. MMP-9 ©E# pH

EHER MMP-9 % 0.2M EEEE - + VU 7 4 /BEEE (pH
3.4—5.8), 0.2M MOPS/KE#{k+ Vv 4 (pH5.8—
8.3), 0.2M 2-amino-2-methylpropane-1, 3-diol/#5 B8
(PH7.7-9.6), 0.2M 27V ¥ > /KB r Y 7 L4
(pH7.9—10.2) OXBERE AV F2_— L, BX
D pH KRBT ESF o EEEERITC, L1M7 v
ATBIEWCEDHEELL. M21ZRT LD pH
7.5—-8.0 THRAOEERRED. Ly L, pH5.5—
6.0THHI50—-80%DIEMER B, MMP-9 {3 Bt FIR
TH+oEEEET L ZenRENT.

3. MMP-9 {EHicst¥+ 2 Cat* 0

MMP-9 D¥ 5 F v 3 EEEE2EL OBEDHRL S

100 k pH curve

60 -

40
| \\A
0 1. 1 1 1 1. L 1
3 4 5 6 7 8 9 10N
pH

Fig.2. pH curve of MMP-9. The enzymic
activity of MMP-9 was measured against "C-
gelatin at various pH. The buffers used were
0.2 M sodium acetate (O), Mops (@), 2-amino-
2-methylpropane-1, 3-diol/HC1 ([J) and glycine/
NaOH (A). Activity achieved by the incubation
of proMMP-9 with 1.0 mM aminophenylmercur-
ic acetate for 24 hr at 37°C was taken as 100%
activity.

Relative activity(2%)

e

S100p———v—=—u
> ’
x
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=
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s 50}
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[«<

01 10 100

CaClz {mM)

Fig.3. Effect of Ca** on the gelatinolytic activ-
ity of MMP-9. The enzymic activity of MMP-9
was measured against “C-gelatin at various
concentrations of Ca**in 50 mM Tris-HCI, pH
7.5/0.15 M NaCl/0.05% Brij 35/0.02% NaN,

12345

sE2z=2s
B=%%w%%

a—w e e

Fig. 4. Influence of Ca** on the digestion of acid
soluble type 1 collagen with MMP-9. Type I
collagen (18 1 g) was first incubated at 35°C for
4 hr make fibrils and then incubated with
MMP-9 (860 ng) at 37°C for 6 hr in the prese-
nce of 10 mM (lane 2), 50 mM (lane 3) and 100
mM CaCl,(lane 4). Lanes 1 and 5, incubation
with the buffer containing 10 mM CaCl.for 0
and 6 hr, respectively.
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LYY ABETF T vy A2 DBEIEL 2. BRI
3izRT £ 20, S0mM & 100mM OEEIZBWLTH
WHD YT F > HEEESA SN FT2, APMA
ok a2 #EAR MMP-9 DEMHEILIE 10mM & 50mM
Ca' BETCTER 2o/, BABHEIa 5~

2> RYSVRIREET10, 50, 100mM Hfbh L > 7 L
HETTMMPY L4 a—FLThH, ZO5HEE
MIZERERD SILah-7. Lnvl, 74 7Yt
LEBTEE I Ba 57— 2REOHETA > Fa
NR—FFHE, f1, 28k a2 HOSRITELL Y

Fig.5. Degradation of collagen fibers in demineralized bone. Decalcified bone with 0.5 M
EDTA, pH 7.4 was incubated with MMP-9 (8.64 g) (A) or buffer alone (B) at 37°C for
24 hr and then fixed with glutaraldehyde and osmium tetroxide. The sections were
stained with lead nitrate, uranyl acetate and phosphotungstic acid. Note dissociation of
the collagen fibrils and irregular clefts of the fibrils in cross section (arrows) (A).
X 45,000.
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v ADBERERICEL: (K4) BOBEIR
A5—FYIRL TR, By v AORERHES
DT> 1.

4. MMP-9 2k 3B — 5 BHEDNE

KB % MMP-9 THLEBBE THMBNICREYT 5
L, BOaS—F g aERssONIz. 3T
UM REWTE TR E & B0 RERI(L 2R
L, Bl talET 28BS LIELIER DS
Fr. IO ST —F R, BEETE IO
DI RIC LD BEEVIREE T (B5A). —
5, BEEDOS Ay Far—bLERKETED
S —F VO SMBEERIEED S hik oz (B5 B).

1. MMP-9 nRB%

1. H MMP-9 & 7 o —F APUEORREME

HEE: LTERALLEAR~RTF F 2 A Wwiz ELISA
BT, a0 s o—FLriiEsBEERL
. ek EA L, Tuy VETEHIZAY
Y —=> ZUTHER, e MMP-9 O 7 3 EKR

C
12 12

A B
1 2

94—
77-
68—
55—
43-

29—

Fig.6. Immunoblotting
monoclonal antibodies.

proMMP-9  with
(A) ProMMP-9 (2.15
u g) (lane 1) and concentrated culture medium
of HT1080 cells (40 x 1) (lane 2) were electroph-
oresed on a SDS-PAGE (7.5% total acrylamide)

for

under the reducing conditions. (B) ProMMP-9
(lane 1) and the proteins of the culture medium
(lane 2) transferred to a nitrocellulose membrane
were visualized using a monoclonal antibody,
57.13D8. (C) They were also reacted with a
monoclonal antibody, 56-2A4. Arrow head
indicates specific recognition of proMMP-9 with
the antibodies.

fh

LANEFIANERBOE N A Y ERENCEST
2EAFN 57-13D8, 56-2A4 D 2 EOMAE1nB LA
7. M6 XRT LI, ThoDOPEITBRL -8
& MMP-9 (5 F&92,0000 KB T 20485 T,
HT1080 $IFERETCHFET 2EBOEA R
3 % S5F892, 000D AR MMP-9 %R EHICESL
7z

Zhs 0 MMPO ik 2 AVWTRAI A FFIAL
THEE L 7 HT1080 fMifa % fE Rt T oL, 70—y
56-2A4 O A MR ERL . 72, HT1080 fij
22 uMIERYYrTIRMAERRERET S,
FOREHIIBERRBLL.

—%, zh b0 2 HOBEIE MMP-9 EESEER
MMP-9 ® APMA = X 2 &M 2BEEL Lo ot

2 . MMP-9 0 REHBILFHRE

1) RA BIUTEEMESHEBRCETIRE

RS AR I R B IRE & BT R 5 M
ANTw2. RA BETRREMRIBERE2Y,
EEMBETETIRY » 385k, BEMER, FhRe<s
o7 7 — Y OBEOIE»RESHE S IE OBENR
wehiz. ki, —HOMETRREMREEXEL
T4 TV VHEBEEDIIT IR T 7Y DORBEEHD
AEHBOTELI A STz, 70— 56-2A4 2L
f- s Tk, MMP-9 13 RA 1B ICRE L~
ru7y— L IFhEROED, 69% DER (9 /13E
f) cREMBELBEcRasnl (ATA). &1,
RA BEECE - BHEBRTROBOTRBHICBEOR
A SN0 L, RETEOREMIRIHERYE
2RELE (E7B). —F, chosOBEMRER
MMP-1, 2, 3 izt T 3 FAPIER IgC 2 A AER
aTiREETH- 7.

TE 3 ¥R AR C V3 25 AT IR 2 R B D BIA
ks s, MMP9 ORERBEEshro 2. &
7., EHBASEEMIE s MMP-9 ZgtTH Y, BE
TEIZBWLTREEERIEED > T MMP-9 Bt
BEBREBshZho70.

2) BEARECBTSRHE

TROSEME Iz % MMP-9 O RBERRML
72 5 OB S B 16lid grade 3 Tt grade
1 OBEMIETH -7 . MMP-9 34~ TOEMNT
BRI s n (8). —F, MMPL 29
i 2 EFICEME S MMP-1 BBt R R L kb, 0
AT Z Ao BRIIRMETH - 7. BEMIEEE
#i% SDS-PAGE ¥ 5 £ $HOEE > K2R S
Feot, 56-2A4 BV A A 7Oy METHEED
MMP-9 1= 40% ¥ 5 53 F 892,00000 /5> F D #HHR
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grRgsnl (B9A). £z, €5 F 47 b
L= 2N ESTE, 000D /3> FIZ¥ 5 F o SRS
wosEs e N (K9 B).

3) ErEy MIFFENBEHAMBCE T 2 BRE
aBSA OMEEEEREAC I DEL WHES AN REE
L, BEEEE 2B TIIBIZRSICHIE - MKk L
L. BEAHE 1B 2 BOMETR, RBERIK{CE
LHBTBCEL (EROBEEHMEOHBESEEs N
¥, MMP-9 iz A REHABERG T,
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Fig.7. Immunolocalization of proMMP-9 in rheumatoid joint tissues. Paraffin sections
from rheumatoid synovium (A) and bone (B) treated with 2 M monensin for 3 hr were
stained by streptavidin method using a monoclonal antibody against proMMP-9, 56-2A4.
Macrophages infiltrated in the sublining cell layer are intensely labeled and the lining
cells weakly stained (arrows) (A). X 260. Osteoclasts attached to the subchondral bone
trabecula are also intensely stained (arrows) (B). x130.
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Fig.8. Immunolocalization of proMMP-9 in giant
cell tumor. Paraffin sections from giant cell
tumor were stained by streptavidin method
using a monoclonal antibody, 56-2A4. Note
intense labeling in the giant cells. X260.
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Fig.9. Production of proMMP-9 by the giant
cell tumor. (A) Concentrated culture medium
from giant cell tumor (154 1) was run on
SDS-PAGE (7.5% total acrylamide) (lane 1).
The proteins transferred to a nitrocellulose
membrane were visualized with a monoclonal
antihody against proMMP-9, 56-2A4 (lane 2).
Arrow indicates proMMP-9 recognized by
56-2A4. (B) The culture medium (50 ) was
subjected to a gelatin-containing polyacrylamide
gel under the nonreducing conditions. The gel
was incubated at 37°C for 24 hr after removal
of SDS and stained with Coomassie brilliant
blue.
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Fig.10 Immunolocalization of vitronectin receptor (e v £ 3) in the osteoclasts and giant

ARACEOBRUE, BRIE & Figh 2 i EHieE
TORBEBRNTOATHON 3™, 1, WEMKI
H' QORI LW BRBIKT 2720, BRIE IS BT
(PH 4 —5) D@ A A7 L4 (40~50mM) D5k~
BEERBY. YRF4 27054 F—X¥THBHT
TYUBUR LY 3BEOEEpH 2L B, T0O XD
REGETTCLEEERD IHa S —7 v HBEXET
L.k, INSEBENSOBIABYEIMNa S5
DEEREER ANV YT AT T, 0B EESRLZ L
BHISENTWE®. MMP-9 O EE pHi37.5—8.00F
P H 507, pH5.5OBMET b 4 B50% DEMEH
REFEsNZZLEIEBaNS. £, Cat OB EIHE
LTRARLBEFF U PBAUBEIBNaS -7
PEBLBSICE, S0mM OEBRETLIE LAY
EHEETHED shahok. L3, 74791t
LS I 8o 5— 72Tk 100mM  THEEK
FHICe 2BHONMBFELEO LENED SN, TR
DOFFRIE, MMP-9 B ERIEORELRBETIZBL
TLEE/LILERLTEY, WERBRTEE - &
WEhABRFEINARCEEEO SBICEE L EE %

cell tumor. (A) Paraffin sections from the tibia of the normal young guinea pig were
reacted with the anti-(e v 8 3) antibody followed by the streptavidin method. Note
intense labeling in the osteoclasts (arrows) attached to the cortex bone. Po, periosteum.
X130. (B) Frozen sections from the giant cell tumor were stained by a fluorescein
isothiocyanate immunofluoresecent method with anti-(a v £ 3) antibody. The giant cells

are stained intensely. X215.
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Abstract

Matrix metalloproteinase 9 (MMP-9, 92 kDa gelatinase / Type IV collagenase), the primary struc-
wre of which was recently determined, is a new member of the MMP gene family. In the present
study, the enzymic properties of MMP-9 and its immunolocalization in osteoclast and giant cell
tumors were examined to demonstrate the involvement of MMP-9 in the degradation of extracellular
matrix components in mineralized bone. MMP-9 purified from human fibrosarcoma cells specifical-
ly cleaved the amino-terminal non-helical region of « 2 (I) chain and depolymerized the insoluble
polymers of the acid insoluble type I collagen. Collagen types Il and V, type I gelatin and vit-
ronectin were also degraded by MMP-9. In addition, electron microscopy demonstrated that MMP-9
digests collagen fibers in demineralized bone. The gelatinolytic activity of the proteinase was opti-
mum at pH 7.5-8.0, but 50-80% of the full activity was retained at pH 5.5-6.0. It was also 90% active
against gelatin in the presence of 50 mM and 100mM Ca™. Degradation of 81,2 and « 2 chains of
acid soluble type I collagen which formed collagen fibers was dependent on Ca™ concentrations up
to 100 mM. These data suggest that MMP-9 is endowed with the ability to degrade extracellular
matrix components of the bone even in the acid (pH 4-5) and hypercalcemic (40-50 mM) environ-
ment. Monoclonal antibodies raised using synthetic peptides were screened by ELISA, immunoblot-
ting and immunohistochemistry, and two clones (57-13D8 and 56-2A4) specific to the zymogen of
MMP-9 (proMMP-9) were obtained. Immunohistochemistry using 56-2A4 showed that in rheuma-
toid synovium MMP-9 localized in polymorphonuclear leukocytes and macrophages infiltrated the
sublining cell layer and the synovial lining cells. In addition, osteoclats in rheumatoid subchondral
bone were intensely labeled. Immunolocalization of MMP-9 in osteoclasts was also observed in nor-
mal joint tissues and those of antigen-induced arthritis in the guinea pig. MMP-9 was immunolocal-
ized in the giant cells in all 7 cases of giant cell tumor. Immunoblotting and gelatin zymography
demonstrated that giant cell tumors secrete proMMP-9 with Mr 92,000, which is capable of degrad-
ing gelatin. Vitronectin receptor was also immunolocalized in the osteoclasts and giant cells in giant
cell tumors. These results strongly suggest the possibility that MMP-9 synthesized and secreted by
the osteoclasts and giant cell tumors may play an important role in bone resorption by degrading the
extracellular matrix components of mineralized bone.



