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b=/ =0, PSRRI =¥y, FhEEoSr2—-+%, }Y
TV, aFEMN) Ty, brVEY, FIXHV I LA
vV, Z2—=vA4 7Y YTv+FN— R250 iZ Sigma (St. Lois,
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NEFVAFAITI VAT 2 ) vEEEL LTCRIELE. &
hHBERITHT S TIMP-1 & TIMP-2 OIEENIL, BE L
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B Lo E A MMP-2, TIMP-1 % & 08 TIMP-2 %
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RER 1R 2ANAT 2R — L EHBLEH D ILIE
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FIOFTFT 4 —WTCEB LI, e, A4 T ey MK
LT, TIMP-2 #12.5% KV 7 2 V7 3 FAALTCESKE
Fobertle —ARBIZEREEL, Z0= el —RELHR
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TIMP-2 S8 054D 2 B2 Okada H™iz k- THRE SR
7o MMP-3 SBBlEEC# L CiT o7z, BREARTE7 5 7v a2 v
SZ B Rt TIMP-2 13, MMP-9 w3 2 PHE S 2 e
TAE LBz, SDSPAGE 1L o TH+DEH AN v FERERL
7z, ERBEHLITRTLCT -1,

1. 51 B

S fifE BTH63 S T14H Mk # L7 HLE MR %%
(250ml) %, YM-10 2 v 7 v v & LB EAEEE T
ml B L. 77+ 7 Y hvnlRETAHBT, BEEK
MW (50mM Tris-HCL pH 8.0/0.15M NaCl/5mM CaCly/
0.02% NaNy) T¥E#{k L7z DEAE-tnrm—25 5 & (25%6
cm) Witz
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TIMP-2 4 @ % & % (50mM Tris-HCl, pH 7.5/0.15M
NaCl/10mM CaCl,/0.02% NaN;) T F#{t L 7= Green A
Dyematrex % /v 5 & (25X 7.5cm) )7z, » 5 &% RIEE
WTREE, EE% P 0.05% Brij 35 % 0.15M &5
2M @ NaCl THElHEH L.

3. HIHE

TIMP-2 4 % 2 & % (50mM Tris-HCl, pH 7.5/0.15M
NaCl/10mM CaCl,/0.05% Brij 35/0.02% NaN;) TH4{k LizH]
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(TIMP-1) IgG-€7 » m—2AH F & (1XT7.5cm) K@ L.

4. F4BFE

i (TIMP-1) I1gG-2 7 » s — A% 5 A TH LN TIMP-2 4
Bx YM-10 2 v7 vviksEs LBAHEEE CBRf%, &
1 AcA 44 » 5 2 (1.2X115em) W X AR AT 70, BRI
iz TIMP-2 i3 SDS-PAGE #, ¥ W% §E425 L BE—D~
VML AZEHEREEIN, TORBYLUTOERCAVK.

154 -

1. TIMP-2 O¥ELEE/ /O F—ILAKICLIRE

b b NI S TIMP2 2 40O HF a2 m< b/
57,4 —THRELL. EBERAT», 7OHEBEYER 1 WRT.
TIMP-2 it Green A Dyematrex Gel IZ®% L, 1.25M NaCl ¢
BHER (F1). 20OAFy I Y TIMP-2 LEBOSTF
B L oMOBEFIBREIN, BRAT v 70 AcA 44 ¥
BEw X b TIMP-2 RABEE XN, Fio, #i (TIMP-1)
IgG €7 7 r— A5 F AL HHTFE8,0000 TIMP-1 1254
ki hi, B8 EIN% TIMP-2 i, SDS-PAGE LE—®
RYFELTRESR, FBETE IUBTRETHTFEITL
#h23,000£25,000TH -7 (K2). S ERED, 58
BHOES ve ¥ x —ERERI0%ETHEIN THo. ¥

Enzyme activity (%)

{ N L . L 1 e
10 20 0 40 0 60 10 80 80 100
(5.0ml/tube)|(2.5ml/ lube)

Fraction number

Fig.1. Green A Dyematrex gel chromatography (step 2).
The unbound fractions obtained from DEAE-cellulose
column (96 ml) were applied to a column of Green A
Dyematrex gel (2.5X7.5 cm) equilibrated with 50 mM
Tris-HCl, pH 7.5/0.15 M NaCl/10 mM CaCl,/0.02% NaN..
The inhibitor activities monitored by gelatinase assay using
active MMP-9 were eluted with a liner gradient of NaCl
(0.15-2 M) in the buffer containing 0.05% Brij 35. The
fractions indicated ( —] ) were combined and used for
further purification. Fraction volume: fraction numbers
from 1 to 54, 5.0 ml/tube; from 55 to 98, 2.5 ml/
tube. eeee- , Amo: - , molar concentration of NaCl; @,
enzymic activity.

Table 1. Purification of TIMP-2

72, DEAE /b v — 2 %1 5 A4rENC R L CRBREITSUETH »
72 (ELD). BRELAEEAMN TIMP-2 THAZ BTk
iz, TIMP-2 3F07 3 7 BREIICHIE LT F FigH3 5
SEEOBRFAGEREVTA A, T oy YTt TOK
B, BH LA TIMP2 22hb 3BEONMSIT L - TRE# S h
7z.

I. TIMP-2 OR2%H

BB X it TIMP-2 & TIMP-1 2\ T, #8s L 08T
WMBIZ T B et d g - 85 Lic. TIMP-1 & TIMP-2 1
LB L TRDTEETH D, 90C, 304 HLEIC B\
THERDOERFRRID LR -7z, 100C, 155 HAETH
TSR S i, 30~604 MALE Tk TIMP-1 B%Ek
DR L, TIMP-2 BEHRZMNT0% &7 -7, Fi TIMP-1 &
TIMP-2 1254 T (pH 1.7), 304 HAEI 3T £ OER
BRETH 7. —F, TIMP-1 & TIMP-2 DA Ve E&—F

Fig. 2. SDS-PAGE of the fractions from each purification
step. (A) Non-reduced fractions of each purification step.
Lanes 1—5 are concentrated culture medium from HLE
cells, DEAE-cellulose, Green A Dyematrex gel, anti-(TIM-
P-1) IgG-Sepharose, and AcA44 column chromatography
step, respectively. (B) Reduced fractions of each purificat-
ion step. Lanes 1—5 are the same purification steps as in
(A). Molecular weight standard proteins are used
phosphorylase b (94 kDa), transferrin (77 kDa), bovine
serum albumin (68 kDa), heavy chain of immunoglobulin G
(55 kDa), ovalbumin (43 kDa), carbonic anhydrase (29 kDa)
and soybean trypsin inhibitor (21 kDa).

Step Total protein Total activity Specific activity Purification Recovery
(mg) (unit) (unit/mg) (fold) (%)
Concentrated medium - 180,000 - - 100
D E A E —ellulose 51.65 137,143 2,655 1 76
Green A Dyematrex 3.07 76,800 25,000 9 43
Anti (TIMP-1) IgG-Sepharose 2.68 68,088 25,396 10 38
AcA44 0.15 33,333 222,220 84 19
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PIBTAE TREEDISKIC ETRIEL.

M. MMP (334 24 —FEk

#EH D MMP-1, MMP-2, MMP-3, MMP-9 % APMA Tif
#{LL, “hb MMP E¥cstds TIMP-1 & TIMP-2 OFf
eEW A BRE L. ERICAVAEER MMP-1, 2,3, 3 O4F
Bz, FRFH43,000, 67,000, 45,000, 67,000CH»7. K
3o, MMP-2 & MMP-9 i35 TIMP-1 & TIMP-2 O
PR ¢ & — VIREARILT3s h, MMP-1 & MMP-3 DfEEIIZ
BREO TIMP-2 # LEEL 5K TR > Tz, TIMP-1 &
TIMP-2 DEEEM % & MMP iF¥E D50 % REROBE LK
+%%, MMP-1, 2, 3 OfERiz TIMP-1 i L h Eh
7.8, 2.56%, 6. MEBBED TIMP-2 B ETH -1 (K3,
%£2). ¥}, MMP-9 iE¥D50%EE X TIMP-1 O#E281.20%
BRETH-T. ThbOERIZ MMP-1, MMP-2, MMP-3 1@
HLTiE TIMP-1 X DB A ve €2 —ThhH, MMP-9 &
LT TIMP-2 BMBRTWAZ L2 RB LTV 5. EE,
TIMP-1 & TIMP-2 @ Ki © %X MMP-1, MMP-2 & X O
MMP-3 ioxf LC9.6f5, 2.56%, 6.7/ THHDIHL,
MMP-9 TiZitiz TIMP-2 23 1.3 ThH -t (£ 2).

Table 2. Inhibition of MMP-1, 2, 3, 9 by TIMP-1, 2

V. TIMP-2 & MMP-2 OEER

1. BER MMP-2 & Of&

W] s | 2o EER MMP-2 & TIMP-2 &% 4 C C20K5H
L vF _R—v g VESLVESREC L - TREL, £9BEOK
HEMSPF Y —v Vv FL—va v Ay v E—KTHEL..
M40, EXhi- MMP-2 D - 21275 7> 1 Y38IZ
Zbhad, TIMP2 &4 vE_—va v LERBTIRZ F
7y VIS E — 2 RBE IR, —F, TIMP-1 #HWTH
BOERY T -1, TOX3REEIBELEIhhoT.
F 72, ¥ TER L TIMP-1 & TIMP-2 2 ##&# MMP-2 &
A vE L R— g VBCRBED HETRET S L, TIMP-2 &
RIELERBTOHR Y — 7 OESTENOBE I RES L.
ZhALORRIE, TIMP-2 AR MMP-2 LA T2 L%
TRMELTWA. £2C, —EED TIMP-2 kB4R MMP-2 (£
LEHTI~8fEE) 24T, 200M vFa—vavTDHZ
L TEASER R SR, B MMP2 X341  veE X —
FEERRE L, TORKR, BEE MMP-2 0B EBR:<
TIMP-2 D1 v ¥ & —IEEIHERF I T (K5).

2. TIMP-2 & MMP-2 L DMAEFRECHT S €/ 79—
N E DR

TIMP-2 D& F AL VICRTHERME, 70 F— Lk
(68-6H4, 69-10B11, 67-4H11) AT, BAEH MMP-2—TIM-

MMP gxfigﬂ@f N%QV?¥PQ P2 EAKIRE, MMP-2 BEHICHT 5 TIMP-2 OF v ¥
- 1 ratio : )
Skl : 5 —ERC RIS T BB R L. TIMP2 i Li0 3 MO
ﬁﬁg; ;gﬁ j?i £ 0 mFAFHERAG 86T 5 B = AR T AR
MMP-3 6.4:1 6.7:1 L7z, Lﬁ‘b, @E@MMP'Z*TIMP‘Z@%W?C&B@?J5
MMP-$ 1:1.2 1:1.3 LICBTE, AVEFVARE N A A VICERNRHG
(A) ©
100F
s0f- -
S
e
£ obw —— -
] D)
Q
B -
<y
=]
m
O il ot Lty L PO T | T R S PR A B TR
0001 001 01 1 0001 001 01 1

Concentration of TIMP (pM)

Fig.3. Enzyme activity of MMP-1 (interstitial collagenase) (A), MMP-2 (72 kDa gelatinase, gelatinase A) (B), MMP-3
(stromelysin-1) (C) and MMP-9 (92 kDa gelatinase, gelatinase B) (D) to TIMP-1 and TIMP-2. The each activity was measured
against “C-collagen for MMP-1, “C-gelatin for MMP-2 and MMP-9, and *H-Cm-Tf for MMP-3 for | hr at 37C after incubation
with TIMP-1 () or TIMP-2 (@) for 45 min at 23°C. Each point represents meanxSD (n=3).
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(67-4H11) D H 5 A TOHRBRE I hizlfe-k (K6). —7F,
TIMP-2 & Zh b ¥tk & 2 RIG T B Eiz MMP-2 OIREE%
BRETAHE, TI7KBIAS VD IFEOL—-FIZHT S
#ifk (69-10B11) TDO A TIMP-2 [EEFEMIZH30% = TITET
Liz (7).

A)

100+ VlO BISA Olva

501

®)

Radio activity cpm{x10*)

50

ol__1 I |
20 30 40 50
Fraction number

Fig. 4. Complex formation of proMMP-2 with TIMP-2.
%]-labeled proMMP-2 (100 ng) was incubated with buffer
alone (A) or TIMP (300 ng) (B) for 20 hr at 4C. The
samples were then mixed with 5 mg ovalbumin and
chromatographed on the Ultrogel AcA44 column (1.5X115
c¢m) equilibrated with 50 mM Tris-HCl, pH 7.5/04 M
NaCl/10 mM CaCl,/0.05% Brij 35/0.02% NaN.. Radio

V. BER MMP-2 OFEEICHT S TIMP-2 ORE

#BER MMP-2 12, APMA MEIZ L 1 iEktEY EhELS T
tt%. ZOEEILIZRET TIMP-1 & TIMP-2 D&%~
H2EHT, ¥l TEBRLLEER MMP2 28«0 £ kT
TIMP-1, TIMP-2 & 4 C, 13BfA v o _— v 3 V&,
1.0mM APMA SLE (37C, 1K) I & b (L LIES FLo
k&%, SDS-PAGE TRELEDOBA -5 4 557 4 —
CTKRE Lz, 8o, TIMP-1, TIMP-2 & &IEMLIc
S5ESTFILERBE LY, EXFbrRL2EETA I vey

100

751

50

T

Inhibitor activity (%)

0 | L 1 L 1
0 2 4 6 8

proMMP2/TIMP2(mol/mol)

Fig. 5. Inhibitor activity of TIMP-2 against MMP-2 in the
presence of proMMP-2. TIMP-2 was incubated with
different amounts of proMMP-2 up to an 8-fold molar
excess for 20 hr at 4C. The inhibitor activity against
MMP-2 was then determined by measuring the inhibition

activity was measured by a gammacounter. O, no of MMP-2 activity in the “C-gelatin assay for 1 hr at
addition; A, TIMP-1 added ; @, TIMP-2 added. 37C. Each point represents meanxSD (n=3).
(A) 8) (®

b

= 100+ - -

€

8

5

E®

g

s 2 50 - -

3 <

=9

k)

g

3

.53 0 ) —B-—3—0-b 0 & 1 ! i L

0 2 4 6 8 10 12 2 4

Fraction

8 10 12 2 4 6 8 10 12

number

Fig. 6. Effects of the TIMP-2 domain-specific monoclonal antibodies on the proMMP-2-TIMP-2 complex formation. TIMP-2 was
incubated with proMMP-2 for 15 hr at 4'C and subjected to anti-(TIMP-2) IgG (67-4H11) (A), (68-6H4) (B), and (69-10B11)
(C)-Sepharose columns. Elution was performed with 0.2 M glycine-HCI buffer, pH 2.5. TIMP-2 in each column fraction was
measured by a sandwich enzyme immunoassay?”. Clones 67-4H11, 68-6H4, and 69-10B11 are monoclonal antibodies specific to
the carboxy-terminal domain, the first and third loops of the amino-terminal domain, respectively. A (%), relative absorbance

at 492 nm. Arrows indicate the starting point of elution.
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100
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Inhibitor activity (%)
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Fig.7. Effects of the domain-specific monoclonal antibodies
on TIMP-2 inhibitor activity to MMP-2. TIMP-2 was
incubated with each antibody (0 to 4 pM) for 45 min at 4C
and then MMP-2 activity was measured against “C-gelatin
for 1 hr at 37°C. H 67-4H11; A, 68-6H4; @, 69-10B11;
O, non-immune.

2 —{EETHETS L, TIMP-2 12 TIMP-1 X DT.6fE%\E
YR LT,

VI. TIMP-2 4 L 2 —EHOFEML(L

1. ') V7 RrF7—2IZX5RERL

TIMP-2 #FhFh )Ty, aFE U TSy, FhER
TSAR—¥, HFTVVE, FFTAIV, tevEy, Mg

(Al (B}

123 4 6 6 7 898101 1 2 34 56 7 881011

a .
L e, e

Fig. 8. Effects of TIMP-1 and TIMP-2 on proMMP-2
conversion to active form by APMA. '"l-labeled proMM-
P-2 (1.4 pM) was incubated with "I-TIMP-2 (A) or
BLTIMP-1 (B) for 13 hr at 4°C and then activated with
1.0 mM APMA at 37C for | hr. The samples were
subjected to SDS-PAGE (12.5% total acrylamide) under
the reducing conditions and the gel was autoradiographed.
Lanes 1 and 2, proMMP-2 incubated with APMA for 0

and 1 hr, respectively. Lanes 3-11, proMMP-2 incubated
with each TIMP at molar ratios 0.01, 0.02, 0.04, 0.07, 0.14,
0.28, 0.55, 1.07, 2.14, respectively and then activated with
APMA.
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Fig.9. .Inactivation of TIMP-2 inhibitor activity by trypsin (A), a-chymotrypsin (B), leukocyte elastase (C), cathepsin G (D),
plasmin (E), Kallikrein (F). TIMP-2 (250 ng) was incubated with each serine proteinase at 37°C for 2, 4, 8 and 24 hr, at

concentrations of 1 ug/ml (A), 10 ug/ml (O) and 50 ug/m! (@). TIMP-2 activity against MMP-3 was measured by *H-Cm-Tf
assay for 1 hr at 37°C after termination of the serineproteinase activity with 2 mM diisopropyl flucrophosphate.
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Table 3.

Inactivation of TIMPs by active oxygen

Inhibitor activity (%)

TIMP HOC! (mM) H,0, (mM)
0.02 0.025 0.05 0.1 0.2 05 1 2 5 0.2 05 1 2 5
1 100 9% 8 35 10 ND ND 0 ND 100 100 100 100 100
2 100 5 .27 0 0 ND ND 0 ND 100 98 92 8L 68
ND, not determined.
(A) (8) ST AV MIHBEIRKD, AT 7YV GTIRURBETLE
kg 123456 kDa 1234586 Bl Y 7 LA VBT TIMP-2 RIFRT, B
s~ 1= ' b A RRIBICBIC T M THBS hic. —J, TIMP-|
8- SFRAUBBABBC BT HE B LRBDbhier 5.
29— 0 29 — 75 A VAR TIRBTRETOLSTREL9,0000 5 BEDH
. BEIRL. bRV E VTR TIMP2 4 FOSRIIRD LT
. B ® _ G FOBRLED b
: Motz
14— 14 2. IEHERREIC XD REML

Fig. 10. Degradation of TIMP-2 by leukocyte elastase and
cathepsin G. A mixture of unlabeled and '*l-labeled
TIMP-2 was incubated with leukocyte elastase (50 ug/ml)
(A) or cathepsin G (50 pg/ml) (B). The samples were
subjected to SDS-PAGE under non-reducing conditions
after inactivation of the serine proteinases by diisopropyl
fluorophosphate and the gel was autoradiographed.
Protein standards are the same as Fig. 2 except lysozyme
(14 kDa). Lanes 1 and 6, TIMP-2 incubated without
enzyme for 0 and 24 hr; lanes 2-5, TIMP-2 treated with
the enzyme for 2, 4, 8 and 24 hr, respectively.

BY 7 uvA v EITCT2~2UBRRIGHE, ZhhEREEY Y
4V FrEAT Lt R ) VEETEREZYE, MMP-3 K351
verx—FRRAlELE. Hoom TIMP2 OA ve
X —{EMT, aFE P TV ISTELLETL, BRE
(50pg/ml) TRIEREWHRFE L. 1, PV I vy, FRE
TFARE—HE, hTFTYVERE-THLEDS v B —iEH
1T AEDK30~T0RICE TET LA (K9). EowmEr ) 2
VA w2 (1, 10pg/ml) T TIMP-2 EEERE Y RECEFE I
2, TIMP-1 #FWIE BEY > Tiehste. 7723V E L
gyt TIMP2 Of ve b 2 —ERICEE LIch -1,
W cE# L TIMP2 2 TREO®)V VI TF 7 —+F
(50pg/ml) T37C, 2~24BM1 vF -z VL, £OF
FREOE(LEA— bS04 257 4 —THELL, aF T+ Y
7o VT, TIMP-2 4T3 3E@ Tk T4H F&21,500,
18,000, 15,3000 7 5 7 2 v PSR ER, ZhBITETRE
T4 FE24,700, 15,800, 15,0000 BickEthi. Zhb
D7 FF AV, URBAEE CTEREESBERBERL
2. bV Py vz TIMP-2 2308 TiREET20,700 & 15,400, &
SEIRBETHTFELT,T00£ 13,0000 7 3 7 4 v FCHB LI, —
¥, FhBRES Az —€LHF TV GAETIE, TIMP-2 4
FI3IEBTTIREE T FB22,500 45 L, YT & hicRTF ¥
A0 7 ey MCEBIEhi: (R10). &5 F822,50007 7 7
AV MFFRER= 5 A & — ¥ TUBHAE TS EEI/ &Y

TIMP-1 & TIMP-2 % HOCI (20uM~2mM) T37C, 904
MEBL, MMP3 354 vebs —EHELRELE.
TIMP-2 i 20uM TRIEEOETIIE DL o720, 25uM T
WE50%W{ETFT L, 100eM Bl ETRESICKRFELL. —F,
TIMP-1 i% 25pxM TIREWEIIZ & A EERRe <, 100uM T
BYFEEEAEL, 200uM THHI0R DIEENADR (E3I).
B cEE L TIMP 2 VIO TEOELEBETS L, 1
Vb ¥R —E R ORERILC S LT TIMP-1 & TIMP-2 0
VIDWEEIBRINL., Ef, ABROFRIKERD
TIMP %\ 7= SDS/PAGE T E & & i, TIMP1 &
TIMP-2 % H,0, (0.2mM~5mM) TEECAHE LT, FOA1 v
e —EROTLERELR. E3DOX 5L, TIMP2 1%
2~5mM DEEET, 20~30% DFE®ET2RTH, ThLUT
DEETIHEROELIIED bhich o, —J, TIMP-1 T
1t H0, 1 & A AREM( LI AIE LN TIRED b hioh -
7o, %712, HO, MEIC X » T TIMP-1 & TIMP-2 D4 FEI
BB Ihich -7,

% S

TIMP-2 2 Zh ¥ COHE TIL, 4HMEHKERHERE®, X
BIIR PR MRS 2™, HLE MMss ™ & L O HBIs v »
- FBFEY I OBEHIATUER, WThbBHEEE 7 =~
P2 s—ACTRERIATED, TOEREKL0.75~
15% &gV, La L, AR TIiZe M FBMREEE» HER
DHhFara= b 757 4 =1L H19%DEIREKY & » THE—
BERL L TERT 2 L0TETH -T2, A1 vz -0
BriwkdEOrT oz 5374 —D5 L, HIZ
Green A Dyematrex ¥ /v & AcA 44 I X AHENEECTH-
#=. TIMP-2 % Green A Dyematrex ¥ A& L, NaCl i &
AEHERT TIMP2 LRAKOSFREE b OEANRESR,
BAREBFED AcA 44 ¥ VB X O BB TR I h, K1
ve ez —nNTIMP-2 THBHZ &3, FOFTEREAHRTTF
Fa B TIMP2 o3 2R </ 7 v+ — VB TRE
XhazZenbBATHS. TIMP1 LR, TIMP-2 2H&P
AL R LT L it &R Lic. TIMP-1 12470 12{8
DVAFAVHBEDCALT 4 FREEXFRLTEH?, %
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DL THED TIMP-1 OBPBICHT AT OBEB EEL SN
b, TIMP2 D-@®EBS I >WTIRE R HBE IR VLA,
TIMP-1 $RABIZ Y AT 1 vOEFIZR DI & &7, B0
MEED HHT TIMP-1 EEBO AL T 4 FEAVPFEETD L
gEIhD . EEBTABTOALT ( FRESLINTHEA
ve PR —ENEANETHI LR, FOIEETHLTVS,

MMP-1, 2, 3, 9 1zxf¢% TIMP-1 & TIMP-2 OfREEMIC
DLTEE, Ward 5 & Howard S8 E L TW5. KFFgE
Tk, MMP-1 & MMP-3 &3 54 v €& —EER
TIMP-1 OFPERTE Y, L —7T0RECIE—FKT
%. Howard 5" % MMP-2 & MMP-9 L€ TIMP-2 1%
TIMP-1 X b 7~10fFEFEI BV LHBEL TS, L
L, EEDERTIZ, TIMP-2 OIEEFMIT MMP-9 1 LT
TIMP-1 D1.265THADIH L, MMP2 ixxt LTkt L A
TIMP-1 DA 2.5 ERER L. 20X 5 fHEEE
CBTAFE LRI, ERCAVEEO MMP-2 &
MMP-9 D@V ICES E#EEINDS. MMP-2 & MMP-9 122
WL, BFBEORRD WL O DEMER O FEITES
LXINTWBHW Howard HODOEER" TiX, MMP-2127 3 /
EEE A AF VAR F AL VORI STFE42,50001E %
e, g MMP-9RB7 I VR VAL vOIRERE LD TF
B83,0000FEMH Y FVCnb., —F, APFRRTiL, 7
IORME AL vEHE LS TEST,0000EEI MMP-2 &
TIJRMEINLEFUANRBFOME A4 VO WHFE
87,0000 MMP-9 # i\ T\ 3b. Ward 59 & AR E A%
ENEAEGTR D, TIMP 2 X AEE L AR EEL LI
BE2RLTCWD. EoTZhboZ &b, TIMP2 i
MMP-9 iz LCid TIMP-1 I h@hif ve s —Th5
2y, MMP-2 It LTiR7 3 /K e p L REF v RO R %K
L7-BBRESRHCT L TORBIERTA LR IS,

TIMP-1 & TIMP-2 ® MMP i35 1 v e &2 —{EWENT
S/UKRBMEAA VO IMEON—~THEBCFETHZ LI, 2V
BEVA RN vrkELicY 2 vEr v b TIMP ORE»
BELCHI BN TN B, Fi, AL RFVALRBE 24 v
e o FE13,5000 TIMP-2 1K 4 v e € 2 —EMREH I &
Db, TIMP2 EH N AL VAT I VKB AL VIZHAHZ &
% DeClerck 5®i27mLTW5. LavL, 2OA—THEOS S
EHICEEE ST AT 2L TIR I A E THLR TV R,
AP cit, TIMP2 O& F A4 VIR TAHHERNE, 21
FHiEER AV RRRS, 7T I R AL VD 3FERD
N— TS MMP-2 FFHIAER BEETHDL Z L2 RIELL.
FPRT — 213, ZON A4 VIEHTBERRTF PRV 2 v
Erv FBEEAMNEERA ve v r — & LTERT A TREN 2R
BELT\ 5.

TIMP-1 & TIMP-2 i%, #&H D MMP-9 & MMP-2 & O]
CEhEhEeEE2HRT5Y. ARRCBCTL, AR
MMP-2 i TIMP-2 ¢ D AfREAEL, TOHEEHITESER
MMP-2 it LTA ve B x —FEMEE LT\ o, ZDORBRRE
Fix, TIMP-2 o¥7ei MMP-2 L OSSR EA ve v x —
B AREDZERTRLTNAS, Vavery b TIMP2

7z Willenbrock HDEBRTIZ®, A4 EFVARBRE D

5907 ¢ ) BBEIEERN MMP-2 L ORESGEMTHAHZ
EWRERTCWA . AFRICENTS, BER MMP-2—TIM-
P2 EABIEINLFRE VKRB A VICHTHERBE, 2

rF— AP TREBINLLRB I ELD, DILRE KR

F A4 v EEEl MMP-2 & DRSS TH D EfEHE R 5.

BAREEZEL LTHWEI NS MMP OiFHELE, ZhbHBEE
BEGSHNTIEATI LD RARDAT » 7 TH5D. TIMP-1
E TIMP2 Rzo7 e ARfEAL, BHbcf> BER
MMP DES TLERETs LB/EIA T 39 Ward
SRR MMP-2 123 LTt TIMP-1 @28 TIMP-2 X b
BEMELRAET A EGELTVA. L L, AFE T
1 TIMP-2 0% DIHEN M k. ZOFFLEERD
BHHRIZOWTIALATIRISWA, KRB TRER(LIcEST
B, AR MMP-2 % TIMP & 4 CTISHEEIA v+ o<~} L
THWBOIHL, HHDOERBTET, 05 LARE LTV
ToWERRIC A . AEREE T TIMP-2 (¥R MMP-2 &
FEBEABEHRT L2 L00, HEEBHROEEIZO L
SIsRItSTERYE LA LHEREINS.

Okada 5943 TIMP-1 3 b V) 7o vFhE=F 2 & — i
EDx)vFaeF7 —ERBC L D ARERLINAZ L HE
LTwa., ARk Tk, TIMP2 RtV 7> v, a-d®
Y Sy, BT AZ - TE LS ANER{EIhH T E
NN E T, R, 37 7Y VR EI-ThHA vt
2 —EHIIRBRETE L. Zhb0e) v rF 7 —ERE
B TIMP2 5 FOE{Lef ve e r —{EEL T35 L,
a-F %+ Y7L TIMP-2 ¥ S BEMNC <7+ FIZE THR
THI L TRERKFENLELZEBRRALM L Te T, —T,
FY Y VABTR TIMP2 5 F R 2200FE7 572V M E
SRER, A4 ve ¥z —iEMXSTELT, 700 GRITIE) 07 5
SAVIOHBLAELL. RO M ve U —EE N A
A VIET I RBDIODN— FREBIFETLL END, =
DT7FGHFAVIMNIT I/ REME2A4VBREEAD EHESH
A PR AL —¥EHT TV GRER LD TIMP-2 4
FOEIEELDTELULTE D, WTFhLEBTRETHT
B24,5000 K& 7572V PGB ENT., TRTF T AV
FPOWBEA ve s —ERSHETL LR TREOETD
BENSELBL, ZOT7F7 AV MIALEFYARKOE
Bk bl oe K AL VOB CHR LI L HEIh D, T8
24,5000 7 3 7 2 v MIZETRRBTIL L h/hign K 2ho 7
SHAVEFELTHKBIENRDZEND, ZTDT7 5 54V MEE
KoUME 5137 TIMP2 5P ANT 4 FREATER L
LokELLND., —hH, ThbDw) v w77 —€Lidx
BT, miEH Y 2 LA i TIMP-2 258 RiGkb+5 0
R L, TIMP1 4 v e €2 —iEH e B8 EZT k-
7o, BEHB L TIMP-2 45 TERETH MmN LT 50K
L, TIMP-1 #Fic@& Eleaid b2 L3 LR R %
FHELTWS. 2V 2 LA D TIMP ISR 5BEEEROER
13, BEHY%OERMY S TIMP-1 & TIMP-2D7 ¢ /
BECTIDA RIS EEXBRAN, T OFHMICEF I
ThHAH. MEHV 27V Y, HFHRHER=FAZ—ERBLIOHITFS
v v G TIMP-2 #AEHLT3Z L, £ARET S
MMP #ENRESO L CEEREREY b - T3, s 7 v
ANET VAV 2 LA vELTRPREEL, ~— < VvETF
OIEATEMREZIh 5. BB, BEEEDY 7 L1 VIidBHEH
Y v=F b ORERFALILN, BEHO MMP-1 %
MMP-3 Z{EMLTAZ ERMBRT B, Fio, [FHik=
FAR—ERHT YV GRFFRC L - TEEEN, FhEk
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B £BHD A VIIRNRECHEATS. ZhbOBR
HEFERM O MMP-3 ® MMP-9 ##EE{LT5 2 &2 5",
TIMP O 4 v ¥ 2 —EEORER(L & BER MMP OfFEHEL
i h MMP EURIIC—EOB®R TERERREH 2R TL
ExBbhd., “hbDw) vrFe77 -+t T, HOCI 28
TIMP 4 vk €& —EhPEFEERD ZLEREBTRERRT
#%. HOCl iz X % TIMP 4F~DIERERFIITRETH B AR,
HOC! MET TIMP & FrilLT s enb TIMP 4FOK
BAEUDZ EIXESATHS. HOC) BIFHERTEEZI S
BN ENBERED 1 ©T, BER MMP-9 & MMP-8 ([F 3k
55 F—8) ERSNTESEMERLTZ I LRMDAT
B g T, RIEOHTHRET S HOCI LESATO
MMP ENORESICERE REZRcTLELONS.
=1 E

e b SR (HLE #BRe) BRSw X » TIMP-2 & HEER
L, FOE(LEE L BER MMP-2 oFE%bicwT 288
B L ORERLE#COWTAN, TIMP-1 oxh & H# - &
HLUTO#EREEL.

1. TIMP2 24 BDHIF227r= 574 —LE->TH
BANBESHB L, FELTRIVEBTRETEL TS TE
23,000£25,000p ¥ —nBHAY F&LTERBI i, ¥z,
FOENFIZIG TH 7.

2. TIMP-1 % X 0% TIMP-2 A v & ¥ & — j& ¥ |13 #
(100C, 1548 <@ (pH 1.7, 30 ) WETREETH > 7
B, 2ANAT &)~ N EHBTAETELLLEL
7o,

3. MMP-1 (4 F & 43,000, MMP-2 (% F & 67,000),
MMP-3 (4 F & 45,000), MMP-9 (4 F & 67,000) =43 %
TIMP-1 & TIMP-2 OfEEFE M X, MMP-1, MMP-2
MMP-3 iz LTk TIMP-1 o5 TIMP-2 & h TR ENT.8
f2, 2.56F, 6. A EE L. —F, MMP-9 i LTix
TIMP-2 D). 2658\ FEETEM AR L7z,

4. TIMP-2 {38 MMP-2 &AL, TOESEILES
M MMP-2 Izt LTA ve Ex—ElYE LT, T,
TIMP-2 12 APMA QBT & B4R MMP-2 OFEM{LpE >
EHF{br TIMP-1 X h7.6fEd<EELE.

5. TIMP-2 D& ¥ 44 VICHTAHBRINE/ 7 v —LH
thi BV RERD S, BT MMP-2—TIMP-2 & /I
12 TIMP-2 DA LARFVARBE AL VAEEL, 7 3 7K
FAAL VD 3IHEFDON—TH MMP-2 {FHOEERLTH S Z
ERHEEI N,

6. TIMP-1, TIMP-2 4 v e €& —FEHKIZ bV 7 v,
aFEMN) VY, FHRER=FAEZ—¥, B3FTVVEGTRE
HlbXhieat, MEESY 7 VA i3 TIMP-2 DR EERIICT
EW(LL, ¥, PSAIV, PRVEVRIEFD L 5 TeER
Babhiehol., ThBBERC L - TARERLIAL
TIMP-2 4 FIXELFEDT T 72 v BRI hic. FHR
FE&ED 1>TH5 HOCI 12 TIMP-1 & TIMP-2 2 RiFH(LL
7288, HO: i TIMP-2 DA% B RERE L, ThbES
BEEOVERE TIMP-2 DFRA TIMP-1 X bl 535 L £ L
bhi:.

U EofERiz, TIMP-2 REERER OIS L BENBERORE
KL OFREOTE D > MMP-2 OENRTICEE &y B

i)

T EFRRLTWAS. ¥RKRE TR TIMP & & %5 MMP
DEMFIHIIRETICERE L SBAnKe MECHkT 2 ¢
YT eT 7 —EREURBRRIC L - TEMiIh3 2 LERE
LT3,

| &

WERZDzhicn, AEHE, ARMEED ¥ U BME HBERHE
CRELABBLYRLET. IARRYEEMEE, H@me L
T SRAEERBIE SN AR HE R EMOBERLE
T, b, AHOHUBHEYBE D F LIcERA¥EEREFRELHRE
R, LOVCERRCHBAEE ¥ LB REEHEHE
BoOHAOLI DB LET. ¥, £/ 7 k-1 HiEOERL
BUYFf v FA A T v MBI AMUBTCHBIORME £ LELESR
THAPMTELCESRB#HELET.

8, FHRXOEES Y 8 BB ARHANELEREREITI T
FERLL.
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Abstract

The activities of matrix metalloproteinases (MMPs) are strictly regulated by tissue inhibitor of metalloproteinases
(TIMPs), which comprise three different molecules, i.e. TIMP-1, TIMP-2 and TIMP-3. In the present study, TIMP-2 was
purified and it's inhibitor activity to MMP-1 (interstitial collagenase), MMP-2 (72 kDa gelatinase, gelatinase A), MMP-3
(stromelysin-1) and MMP-9 (92 kDa gelatinase, gelatinase B), the interaction with MMP-2 and inactivation by serine
proteinases and active oxygen metabolites were examined in comparison with the data obtained with TIMP-1. TIMP-2
purified by the four chromatographic steps from the culture medium of a human hepatoma cell line (HLE cells) showed a
single band of Mr 25,000 on sodium dodecy! sulfate-polyacrylamide gel electrophoresis under reducing conditions. Like
TIMP-1, activity of TIMP-2 was completely resistant to treatment with heat at 90°C for 30 min or acid at pH 1.7 for 30 min,
but inactivated by reduction with 2-mercaptoethanol. TIMP-1 inhibited the activities of MMP-1 of Mr 42,000, MMP-2 of
Mr 67,000 and MMP-3 of Mr 45,000 2.5-to 7.8-fold more preferentially than TIMP-2, whereas inhibition of MMP-9 of Mr
67,000 by TIMP-2 was 1.2-fold more efficient. TIMP-2 but not TIMP-1 could make a complex with the zymogen of MMP-2
(proMMP-2). TIMP-2 in the complex form functioned as an inhibitor to MMP-2 and suppressed the conversion of proMMP-
2 during activation by p-aminophenylmercuric acetate 7.6-fold more effectively than TIMP-1. Experiments using three
different monoclonal antibodies specific to the first and third loops of the NH,-terminal domain and COOH-terminal domain
of TIMP-2 (clones 68-6H4, 69-10B11 and 67-4H11, respectively) suggested that TIMP-2 binds to proMMP-2 via the
COOH-terminal domain and the third loop of the NH,-terminal domain is essential to the inhibition of MMP-2 activity.
Inhibitor activity of TIMP-2 was significantly inactivated by trypsin (50 x g/ml), « -chymotrypsin (50 x g/ml) and leukocyte
elastase (50 x g/ml) and partially by cathepsin G (50 x g/ml), while it was resistant to plasmin or thrombin. During
incubation with trypsin, « -chymotrypsin, leukocyte elastase or cathepsin G TIMP-2 molecule was digested into small
fragments. These data are similar to those reported with TIMP-1. On the other hand, plasma kallikrein (1 and 10 u g/ml),
which had no effects on TIMP-1, completely inactivated TIMP-2 and digested it into small peptides. TIMP-2 was also
completely inactivated by HOCI (0.1 mM) and partially by H,0, (0.2 to 5 mM). Compared with TIMP-1 which was affected
only by HOCI, TIMP-2 appeared to be more susceptible to these active oxygen metabolites. These results indicate that
TIMP-2 plays a key role in the regulation of MMP-2 activity through inhibition of both activity and proMMP-2 activation,
and suggest that inhibition of the activities of MMPs by TIMPs in vivo is modified through their inactivation by serine
proteinases and active oxygen metabolites present at the local tissues under pathological conditions.




