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ABSTRACT. Matrix metalloproteinase-3 (MMP-3, or stromelysin-1) specifically hydrolyzes thé*&tu
Leu#4 peptide bond in 45-kDa single-chain urokinase-type plasminogen activator (scu-PA) and in its
two-chain (tcu-PA) derivative, yielding a 17-kDa Mterminal domain comprising the u-PA receptor
(u-PAR) binding site and a 32-kDa COOH-terminal moiety containing the serine proteinase domain of
u-PA. The conversion is completely abolished in the presence of the MMP inhibitors EDTA or 1,10-
phenanthroline. Biospecific interaction analysis indicates that binding of MMP-3 occurs through the 32-
kDa fragment. The 32-kDa fragment derived from scu-PA (scu-PA-32k) has a specific actiwfO0of
IU/mg, but it can be activated with plasmin to a two-chain derivative (tcu-PA-32k) with a specific activity
of 79 000 IU/mg. tcu-PA and tcu-PA-32k moieties derived from scu-PA-32k by plasmin or from tcu-PA
by MMP-3 have comparable amidolytic activities toward the chromogenic substrate Si2444, (of

110 and 160 mM! s71, respectively) and similar plasminogen activating activities in a coupled chromogenic
substrate assay. Specific binding of the 17-kDa,Nétminal domain to THP-1 monocytoid cells is
completely abolished by competition with scu-PA but is not affected by scu-PA-32k (residual binding of
88 + 9% (meant= SEM; n = 3) with 25-fold molar excess). Thus, MMP-3 removes a functionah-NH
terminal u-PAR-binding domain from u-PA without affecting its enzymatic properties.

It has been suggested that the plasminogen/plasmin (fi-but also in pathological conditions such as arthritis, tumor
brinolytic) system and the matrix metalloproteinase (MMP) invasion, and metastasis£3). Recently, it was shown that
system are functionally interactive and cooperate in extra- u-PA-mediated plasmin generation plays a role in media
cellular matrix degradatiorilt-5). The proenzyme plasmi-  destruction and aneurysm formation during atherosclerosis,
nogen is converted into the active serine proteinase plasminvia activation of proMMP-3 (stromelysin-1), proMMP-9
by tissue-type (t-PA) or urokinase-type (u-PA) plasminogen (gelatinase B), proMMP-12 (metalloelastase), and proMMP-
activator. Whereas t-PA is mainly involved in the dissolution 13 (collagenase-3)rj.

of fibrin in the circulation, u-PA binds to a specific cellular MMP-3 has been detected in cultures of medial or intimal
receptor (u-PAR) and plays a role mainly in pericellular smooth muscle cells and in fibroblasts, and MRNA expres-
proteolysis ). MMPs are also secreted as zymogens that sjon was found in human atherosclerotic plagues, mainly
are extracellularly activated by several proteinases and bysssociated with macrophage8, (9. The plasminogen
organomercurial compounds. Active MMPs degrade most activator u-PA is secreted as a single-chain molecule (scu-
proteins and proteoglycans that constitute the extracellularpp) that is converted into a more active two-chain derivative
matrix, and thereby play a role in normal tissue remodeling (tcu-PA) by cleavage of the LY&—Ile1%° peptide bond with
plasmin (L0, 17). u-PA contains several structural/functional
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! Abbreviations: MMP-3, matrix metalloproteinase-3 (stromelysin- bolytic potential {3, 14.
1, EC 3.4.24.17); u-PA, urokinase-type plasminogen activator (uroki- | the present study, we report that MMP-3 specifically
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the 143 NH-terminal amino acids; tcu-PA-32k, 32-kDa fragment of

tcu-PA lacking the 143 NKterminal amino acids; ATF-17k, 17-kDa

NH.-terminal fragment of u-PA obtained by treatment with MMP-3; MATERIALS AND METHODS
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polyacrylamide gel electrophoresis; S-2444, Glp-Gly-pritroanilide; Proteins, Reagents, and Assay@ecombinant human scu-
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Germany). Stock solutions of tcu-PA were prepared by using the Amine Coupling kit (Pharmacia), and binding of

maximal activation at 37C of scu-PA (final concentration,
100uM) with plasmin (enzyme/substrate ratio of 1/200) for
10 min in 0.05 M Tris-HCI buffer, pH 7.4, containing 0.038

u-PA moieties was evaluated as described in detail elsewhere
(20).
The 17-kDa NH-terminal fragment (ATF-17k) was la-

M NacCl and 0.01% Tween 80. Plasmin was neutralized by beled with*?3 to a specific radioactivity of 0.2&Ci/ug using

addition of>10-fold molar excess of aprotinin, and tcu-PA
was isolated by chromatography on benzamidiiepharose,
as described previousl{®). Glycosylated recombinant scu-
PA and the plasmin- resistant mutant scu-PA&lwere
obtained and characterized as described elsewhde (

the lodogen method2().

Proteolytic Cleaage of u-PA by MMP-3.scu-PA or tcu-
PA (final concentration, zM) were incubated with MMP-3
(final concentration, 500 nM) at 3C in 50 mM Tris-HCI
buffer, pH 7.5, containing 0.15 M NaCl, 10 mM CaCand

Recombinant scu-PA-32k, expressed in Chinese hamstei0.01% Tween 80. At different time intervals {8 h),

ovary cells, was purified by chromatography on zinc che- samples were removed from the incubation mixtures, EDTA
late—Sepharose and immunoadsorption on the insolubilized (final concentration, 25 mM) was added to stop the reaction,
MAb 4D1E8 (14). tcu-PA-32k was prepared by treatment and SDS-PAGE was performed under nonreducing condi-
with plasmin, as described above. Before use, all single-tions. The amounts of the different molecular forms of u-PA
chain u-PA moieties were depleted of trace amounts of tcu- in the samples were determined by densitometric scanning

PA activity by chromatography on benzamidir@epharose.

of the gels and expressed as a percentage of the maximal

Human Glu-plasminogen and plasmin were obtained and value obtained.

characterized as described elsewhéfe (7). Recombinant
human proMMP-3 (57-kDa native form) and MMP-3 (23.5-
kDa truncated form, lacking the COOH-terminal domain)
were a kind gift of H. Nagase (Department of Biochemistry
and Molecular Biology, University of Kansas Medical
Center, Kansas City, KSJLB8, 19. Protein concentrations
were determined with the BCA protein assay (Pierce,
Rockford, IL).

Activation of Single-Chain u-PA Moieties by Plasmin.
scu-PA-32k or scu-PA (final concentration, M) were
incubated at 37C with plasmin (final concentration, 10 nM)
in 0.05 M phosphate buffer, pH 7.4, containing 0.038 M
NacCl, 0.01% Tween 80, and 5% glycerol. Attimed intervals
(0—30 min), aliquots were removed and generated urokinase
activity was measured with S-2444 (final concentration, 0.3
mM) after 50-fold dilution. Initial rates (85 min) for the

The chromogenic substrates S-2444 for u-PA and S-2403conversion of single-chain to two-chain u-PA moieties were

for plasmin were purchased from Chromogenix (Antwerp,
Belgium), and aprotinin (Trasylol) was from Bayer (Le-

determined in the same way, but using plasmin at a final
concentration of 2 nM.

verkusen, Germany). The International Reference Prepara- Functional Actiity of Two-Chain u-PA MoietiesSpecific

tion for u-PA (66/46) was obtained from the National
Institute for Biological Standards and Control (Hertfordshire,
U.K.). The matrix metalloproteinase inhibitor 1,10-phenan-

throline was purchased from Sigma Chemie (Bornem,

Belgium). The human THP-1 cell line was obtained from
the American Type Culture Collection (Rockville, MD) and
grown in RPMI 1640 medium containing 2 miMglutamine,
100 U/mL penicillin, and 0.1 mg/mL streptomycin.
SDS-PAGE without reduction or after reduction with 1%
dithioerythritol was performed on $0l5% gradient gels

amidolytic activities of u-PA moieties were determined
directly with S-2444 (final concentration, 0.3 mM). Specific
plasminogen-activating activities were determined indirectly
with S-2403 (final concentration, 0.3 mM) in mixtures of
plasminogen (final concentration, 0.284, which is well
below theK, of about 80uM (14)) and tcu-PA moieties
(final concentration, 60.18 ng/mL) after incubation at 37
°C for 60 min in 0.05 M Tris-HCI buffer, pH 7.4, containing
0.038 M NaCl and 0.01% Tween 80. Specific activities were
expressed in 1U/mg of protein by comparison with tcu-PA,

using the Phast System (Pharmacia) and staining with calibrated against the International Reference Preparation for
Coomassie brilliant blue. Apparent molecular masses wereu-PA.

determined from reduced gels, by comparison with a protein

calibration mixture consisting of phosphorylase b (94 kDa),
BSA (67 kDa), ovalbumin (45 kDa), carbonic anhydrase (30
kDa), soybean trypsin inhibitor (20.1 kDa), anelactalbu-
min (14.4 kDa). Densitometric scanning of SBBAGE

The kinetic parameters of the two-chain u-PA moieties
(final concentration, 10 nM) for hydrolysis of S-2444 (final
concentration, 0.021.0 mM) in 0.05 M phosphate buffer,
pH 7.4, containing 0.038 M NaCl and 0.01% Tween 80 at
37 °C, were determined by LineweaveBurk analysis.

gels was performed with the Gel-scan accessory of the Binding of u-PA Moieties to uPARHuman THP-1 cells

Beckman DU60 spectrophotometer.

were plated in 96-well microtiter plates at a density of

NH_-terminal amino acid sequence analysis was performed 200 000 cells per well and incubated overnight in regular
on an Applied Biosystems model 477A protein sequencer culture medium containing phorbol 12-myristate 13-acetate

(Foster City, CA), interfaced with an Applied Biosystems

(final concentration, 10 M). The cultures were washed

model 120A on-line analyzer. Samples were electrophoresedwith RPMI medium containing 0.1% BSA to remove

on 10-20% Tris-HCI Ready Gels (Mini-Protean II Cell;

nonadherent cells. The cells were treated with 50 mM

BioRad, Hercules, CA) and blotted on ProBlott membranes glycine-HCI buffer, pH 3.0, containing 100 mM NacCl for 3

(Applied Biosystems).

Association rate constantggin M~*s™1) and dissociation
rate constantskfissin s™2) for the interaction between (pro)-
MMP-3 and different u-PA moieties were determined by real-
time biospecific interaction analysis using the BlAcore
instrument (Pharmacia, Biosensor AB). ProMMP-3 or
MMP-3 were immobilized on the surface of sensor chip CM5

min at room temperature to dissociate surface-bound endog-
enous u-PA, and neutralized with 0.2 vol of 500 mM HEPES
buffer, pH 7.5, containing 100 mM NaCl. The cells were
washed three times, and 2p0-volumes of RPMI with 0.1%
BSA were added containing 8 nNfdl-labeled ATF-17k
without or with increasing concentrations of competitor- (4
200 nM scu-PA or scu-PA-32k). After incubation for 2 h
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Ficure 1: SDS-PAGE on 16-15% gradient gels under reducing
(A) or nonreducing (B) conditions of the u-PA moieties generated
upon incubation of scu-PA or tcu-PA at 3T for 3 h with MMP-

3. Panels A and B, lane 1, scu-PA; lane 2, scu-PA treated with
MMP-3; lane 3, tcu-PA; lane 4, tcu-PA treated with MMP-3. Lanes
5 and 6 in panel B represent scu-PA treated with MMP-3 in the
presence of EDTA or 1,10- phenanthroline, lane 7 shows the
purified 32-kDa fragment, and lane 8 shows the purified 17-kDa
fragment.

at 37 °C, the cells were washed three times with RPMI
containing 0.1% BSA and lysed with 104 of 1 N NaOH.
The lysate of each well was counted for bound radiolabel.

Measurements were corrected for background using values

obtained with similarly treated wells without cells (usually
around 180 cpm).

RESULTS

Proteolytic Cleaage of u-PA by MMP-3.Incubation of
scu-PA or tcu-PA (nonglycosylated forms) with MMP-3
(enzyme/substrate ratio of 1/10) resulted in quantitative
conversion to two non-disulfide-bonded lowdr fragments
(32 and 17 kDa), as shown by SB8AGE under nonre-
ducing or reducing conditions (Figure 1). Addition of EDTA
(final concentration, 25 mM) or 1,10-phenanthroline (final
concentration, 1 mM) to the incubation mixture abolished
the proteolytic cleavage, confirming that it is MMP-depend-
ent. Similar results were obtained with recombinant glyco-
sylated scu-PA (not shown). Densitometric scanning of
SDS-PAGE gels of samples taken at different time points

revealed a comparable time course for the hydrolysis of scu-

PA and tcu-PA, with complete conversion occurring within
3 h (Figure 2). Hydrolysis of scu-PA or tcu-PA by MMP-3
was evident from a parallel decrease of the concentration o
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Ficure 2: Time course of the hydrolysis of scu-PA (panel A) or

tcu-PA (panel B) by MMP-3 (enzyme/substrate ratio of 1/10). The

amount of 45- M), 32- @) and 17- kDa u-PA moiety &) at
different time points was determined by densitometric scanning of
nonreduced SDSPAGE and is expressed as a percentage of the
control (maximal) value. The data represent m¢a®EM of three
separate experiments.

both scu-PA and tcu-PA, whereas under reducing conditions
the M, of the 32-kDa fragment of tcu-PA, but not that of
scu-PA, decreases by approximately 1 kDa, corresponding
to removal of the sequence Lét+-Lys'>8 which is disulfide-
bonded to the proteinase domain.

The 32- and 17-kDa fragments were purified to homoge-
neity by chromatography on benzamidin@epharose or on

fMAb-4D1E8-Sepharose for the fragments derived from tcu-

intact u-PA (45 kDa) and an increase of the 32- and 17-kDa PA OF Scu-PA, respectivei@, 19 (Figure 1B, lanes 7 and

fragments.

NH.-terminal amino acid sequence analysis reveale
specific cleavage of the Gitf—Leu'*4 peptide bond, both
in scu-PA and in tcu-PA (Table 1). Indeed, the 32-kDa
fragment obtained from scu-PA (scu-PA-32k) starts atfeu
and the 17-kDa fragment (ATF-17k) represents the,NH
terminal domain starting with Ser As expected, the 32-
kDa fragment obtained from tcu-PA (tcu-PA-32K) contains

8). The specific activities of the scu-PA-32k and scu-PA

d moieties against S-2444 were500 1U/mg.

Functional Characterization of the u-PA Clegge Prod-
ucts. Binding of different u-PA moieties to proMMP-3 and
to MMP-3 was evaluated by biospecific interaction analysis.
The affinity of scu-PA-32k for binding to both proMMP-3
and MMP-3 was comparable to that of intact scu-PA or
active site-blocked tcu-PA, whereas the purified 17-kDgNH

two NH,-terminal sequences in comparable amounts, oneterminal fragment (ATF-17k) did not bind (Table 2).

starting at Led* and one at II&° The lowerM;, band,
migrating as a doublet of approximately 17 kDa on SDS

Binding to scu-PA-GIif also occurred, confirming that the
interaction with MMP-3 does not require prior conversion

PAGE, was heterogeneous: the upper band (ATF-]_?k (l)) to tcu-PA. These data thus indicate that the blndlng site for

corresponds to the Niterminal Set, and the lower band

MMP-3 is contained within the 32-kDa u-PA fragment.

(ATF-17k (2)) contains two sequences, generated by cleavage The time course for the activation with plasmin (enzyme/

of the As#—Glu® and Glé—Leu* peptide bonds, respec-

substrate ratio of 1/100) of scu-PA-32k obtained by digestion

tively. These amino acid sequence data are compatible withof scu-PA with MMP-3 was very similar to that for activation

the pattern seen on SB®AGE under nonreducing or
reducing conditions (Figure 1). Under nonreducing condi-

of the scu-PA-32k moiety prepared by recombinant DNA
technology (Figure 3). Maximal activation resulted in

tions only the 32- and 17-kDa fragments are observed for specific activities of approximately 79 000 and 100 000
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Table 1: NH-Terminal Amino Acid Sequence Analysis of scu-PA and tcu-PA Treated with MMP-3

amino acid (recovery in pmol) in cycle

protein 1 2 3 4 5 6 7 8
scu-PA
scu-PA-32k Leu (75) Lys (66) Phe (80) GIn (68) (Cys))( Gly (58) Gln (50) Lys (33)
ATF-17k Ser (12) Asn (39) Glu (47) Leu (48) His (27) GIn (36) Val (38) Pro (30)
tcu-PA
tcu-PA-32k Leu (32) Lys (23) Phe (33) GIn (13) (Cys))( Gly (14) GIn (7) Lys (8)
lle (38) lle (39) Gly (26) Gly (25) Glu (18) Phe (27) Thr (6) Thr (9)
ATF-17k (1) Ser (2) Asn (8) Glu (6) Leu (5) His (4) GIn (4) Val (4) Pro (4)
ATF-17k (2) X () Leu (6) His (6) Gin (4) Val (8) Pro (8)
Leu (-) His (2) Gin (4) Val (7) Pro (6) X€)
Table 2: Apparent Affinity Constants of proMMP-3 and MMP-3 for Binding to Different Molecular Forms of 21-PA
proMMP-3 MMP-3
ligand Kass(Xx1B) (M715)  kiiss (x1079) (571 Ka (X10F) (M) kass(x10F) (M71s)  kyiss(x1073) (s7)  Ka (x10°9) (M)
scu-PA 33t 1.5 8.8+ 0.4 3.8+ 0.06 67+ 15 6.5+ 0.6 9.9+ 1.0
scu-PA-GId>8 21+1.2 9.3+ 0.5 2.2+ 0.12 67+ 10 9.6+ 0.9 6.9+ 0.53
scu-PA-32k 1A 3.7 8.2+ 0.9 2.1+ 0.67 53+ 14 8.4+ 1.7 6.3+ 0.75
tcu-PA-EGR 30+ 3.3 58+ 1.0 5.1+ 0.90 60+ 3.2 13+1.8 4.84+ 0.52
ATF-17k ND* ND

aData are meas= SEM of 3 determinations.tcu-PA with its active site blocked by Glu-Gly-Arg-GEI. ¢ ND: no binding detectable.
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Ficure 3: Time course of the activation by plasmin (enzyme/
substrate ratio of 1/100) of scu-PA-32k obtained from scu-PA by
treatment with MMP-3@), of scu-PA-32k prepared by recombinant
DNA technology &), or of scu-PA H). The amidolytic activity
determined with S-2444 after 50-fold dilution of samples is plotted
versus time.

IU/mg, respectively, as compared to 117 000 1U/mg for scu-
PA treated with plasmin under the same experimental
conditions. SDSPAGE under reducing conditions of
samples removed from the incubation mixtures after 30 min
showed nearly quantitative conversion of scu-PA to tcu-PA
and of scu-PA-32k to a slightly lowdul; species, compatible
with cleavage of the Ly&8—I1le'5° peptide bond (not shown).

From the initial rates (85 min) of the activation by
plasmin, similar catalytic efficienciek&{/Km) were calcu-
lated for scu-PA-32k derived from scu-PA by MMP-3 (0.09
+ 0.01uM~1 s7%) and for scu-PA-32k obtained by recom-
binant DNA technology (0.13+ 0.006 uM~! s7%), as
compared to 0.60Gt 0.01 uM~! s! for scu-PA (meant
SD;n = 3). In this calculation, we have neglected the actual
substrate concentration used (M scu-PA moiety) as
compared to th&, of plasmin for hydrolysis of scu-PA or
scu-PA-32k (about 4M (14)).

The kinetic parameters for the hydrolysis of S-2444 by
tcu-PA-32k derived from tcu-PA by MMP-3 treatment or

Table 3: Kinetic Constants for the Hydrolysis of S-2444 by
Different tcu-PA Moieties

—=
moiety Kn ket KealKm
M (kDa) origirp (mM) (s (mM-tsy ra
32 tcu-PA/MMP-3 0.063 10 160 0.995
32 scu-PA/MMP-3/plasmin 0.057 6.4 110 0.991
32 scu-PA-32k/plasmin 0.063 13 200 0.996
45 scu-PA/plasmin 0.071 12 170 0.996

ar, correlation coefficient determined by linear regression analysis
of Lineweaver-Burk plots.? The 32-kDa tcu-PA moieties were
obtained by treatment of tcu-PA with MMP-3, by treatment of scu-PA
with MMP-3 followed by hydrolysis of the resulting scu-PA-32k with
plasmin, or by treatment of recombinant scu-PA-32k with plasmin. The
intact 45-kDa tcu-PA moiety was obtained by treatment of scu-PA with
plasmin.

obtained by treating scu-PA with MMP-3 followed by
hydrolysis of the resulting scu-PA-32k moiety with plasmin
were comparable to those for tcu-PA and for tcu-PA-32k
obtained by treatment of recombinant scu-PA-32k with
plasmin (Table 3) (catalytic efficiencies ranging between 110
and 200 mMm?t s7Y),

The specific activities of the tcu-PA moieties, as deter-
mined in a plasminogen-coupled chromogenic substrate assay
by comparison with the International Reference Preparation
for u-PA, were 72 00Gt 4 500 or 108 00Gt 7 600 1U/mg
for tcu-PA-32k derived from tcu-PA by MMP-3 or obtained
by treating scu-PA with MMP-3 followed by hydrolysis of
the scu-PA-32k moiety with plasmin, as compared to 120 000
4 12 000 or 76 00Gt 4 800 1U/mg for tcu-PA or tcu-PA-
32k obtained by treatment of recombinant scu-PA-32k with
plasmin (meant SEM; n = 4—7). The rates of plasmin
generation in this assay were also comparable: in mixtures
of 0.1 ng/mL tcu-PA moiety and 0.2BM plasminogen,
plasmin generation within 60 min amounted to 9.3, 14, 15,
and 9.6 nM, respectively.

Binding of u-PA Cleaage Products to uPARSpecific
binding of ?9-labeled ATF-17k to THP-1 cells was ob-
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served, which was reduced in a concentration-dependentscu-PA-32k, indicating that the receptor-binding site re-
manner by addition of scu-PA but not of scu-PA-32k. At mained intact. The 32-kDa moiety obtained by treatment
equimolar concentration of competitor to ligand, residual of scu-PA with MMP-3 was shown to have functional

binding was (meant SEM; n = 3) 35+ 8% with scu-PA properties similar to those of its counterpart produced by
and 86+ 5% with scu-PA-32k; at 25-fold molar excess of recombinant DNA technology. Thus, activation by plasmin
scu-PA-32k, residual binding was &8 9%, whereas no  occurs with a comparable efficiency, yielding the corre-
residual binding was detected with a 25-fold excess of scu- sponding two-chain derivatives which have comparable

PA. specific amidolytic activity and plasminogen activating
activity. Similarly, the 32-kDa moiety obtained by treatment
DISCUSSION of tcu-PA with MMP-3 has functional properties comparable

MMP-3 belongs to the stromelysin class of MMPs; its © those of tcu-PA-32k obtained by treating scu-PA with

known substrates include proteoglycans, different types of MMP-3 followed by hydrolysis of the resulting scu-PA-32k
collagen, fibronectin, gelatin, and laminid)( In addition, moiety with plasmin or to those of tcu-PA-32k obtained by

MMP-3 degrades cross-linked fibrin by hydrolysis of the tréatment of recombinant scu-PA-32k with plasmin. The
Gly**—Ala%5 peptide bond in thes~chain @2). In the enzymatic properties of these 32-kDa u-PA moieties are also
present study, we report that MMP-3 specifically hydrolyzes V€'Y similar to those of the parent molecule scu-PA or tcu-
the Glu*3—Leu* peptide bond in u-PA, yielding an NH : ) _

terminal 17-kDa fragment containing the u-PAR-binding  !nterestingly, hydrolysis of u-PA by MMP-3 removes the
sequence and a COOH-terminal 32-kDa fragment containingU-PAR-binding domain. Binding of u-PA to its cellular
the serine proteinase domain. The Nierminal amino acid ~ '€ceptor u-PAR was shown to be involved in several
sequences of the generated fragments (Table 1) indeed aré“nctions of u-PA, including enhanced activation of scu-PA,
compatible with single cleavage at Giin scu-PA and in internalization of u-PArinhibitor complexes, and signal

tcu-PA. This is shown schematically in the following fransduction promoting migration, adhesion, and growth of
sequence: cells 33—35). However, homozygous u-PAR-deficient (u-

PAR~-) mice appeared to be viable, healthy, and fertile.
20 The u-PA-dependent plasminogen activating capacity of
) | peritoneal macrophages was reduced in u-PARnice as
SNELHQVPS.... PPE E LKFQCGQKTLRPRF K IGGEFTT..... compared to their wild-type littermates but was not abolished,
1 suggesting some u-PAR-independent functional properties
MMP-3 plasmin of u-PA (36)
Thus, on one hand, u-PA may play a role in the in vivo
A similar 32-kDa scu-PA moiety (scu-PA-32k) has previ- activation of proMMP-3 via generation of plasmif)(and
ously been observed in the conditioned medium of the humanon the other hand, active MMP-3 may cleave the receptor-
lung adenocarcinoma cell line CALU-33) and in monkey binding domain from u-PA. This does not necessarily result
kidney cells £3). scu-PA-32k, with NH-terminal Led#, in an impaired potential of u-PA for activation of proMMP-
has subsequently also been produced by recombinant DNA3, as it was recently shown that activation of proMMP-12
technology 14). In cultured human kidney cells, cleavage and -13 by u-PA-mediated plasmin generation occurs in the
of the GIU*3—Leu'* peptide bond in scu-PA was demon- absence of u-PAR3({). Our data thus indicate that MMP-3
strated by the putative metalloproteinase PUMP-1 or matril- specifically cleaves the Gltf—Leu'** peptide bond in u-PA,
ysin (24). resulting in removal of the u-PAR-binding domain without
Studies on the substrate specificity of MMPs with the use significantly affecting the enzymatic properties. This inter-
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