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Platelet release of trimolecular complex components MT1-MMP/TIMP2/MMP2:
involvement in MMP2 activation and platelet aggregation

Isabelle Kazes, Ismail Elalamy, Jean-Daniel Sraer, Mohamed Hatmi, and Geneviéve Nguyen

Matrix metalloproteinase 2 (MMP2) has
been reported to be secreted by collagen-
stimulated platelets, and active MMP2 has
been shown to play a role in platelet
aggregation. It has been demonstrated
that MMP2 activation is dependent on the
complex (membrane type 1 [MT1]-MMP/
tissue inhibitor of MMP2 [TIMP2]) recep-
tor and MMP2. We have investigated hu-
man platelets as a possible source of
MT1-MMP, and we have studied its role in
MMP2 activation and in platelet aggrega-
tion. Gelatin zymograms showed the exis-
tence of MMP2 at proforms (68 kd) and
activated-enzyme forms (62-59 kd) in su-
pernatants of resting and activated plate-

lets, respectively. No gelatinolytic activity
was associated with the platelet pellet
after aggregation, suggesting a total re-
lease of MMP2 during cell activation. By
Western blot analysis in nonreduced con-
ditions, MT1-MMP was found on resting
platelet membranes in 2 forms-the inac-
tive 45-kd form and an apparent 89-kd
form, which totally disappeared under
reduced conditions. After platelet de-
granulation, only the 45-kd form was de-
tected. Reverse transcription—polymer-
ase chain reaction experiments showed
the expression in platelets of messenger
RNA encoding for MMP2, MT1-MMP, and
TIMP2. Flow cytometry analysis showed

that MT1-MMP, MMP2, and TIMP2 expres-
sions were enhanced at the activated
platelet surface. MMP inhibitors, recombi-
nant TIMP2, and synthetic BB94 inhibited
collagen-induced platelet aggregation in
a concentration-dependent manner, indi-
cating the role of activated MT1-MMP in
the modulation of platelet function. In
conclusion, our results demonstrate the
expression of the trimolecular complex
components (MT1-MMP/TIMP2/MMP2) by
blood platelets as well as the ability of
MMP inhibitors to modulate the aggregat-
ing response. (Blood. 2000;96:3064-3069)
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Introduction

Remodeling of the extracellular matrix plays a critical role in thenembrane type 1 (MT1)-MMP, the MMP2 physiologic activator,
reorganization of connective tissue under both normal and pattessociated with invasiveness of certain can&étsMoreover,
physiologic conditions. Extracellular matrix turnover is initiated by T1-MMP messenger RNA (mRNA) was found highly expressed
proteolytic enzymes, mainly by serine proteinases of the plasmirin-urothelial carcinomas compared with its expression in norngal
gen system and matrix metalloproteinases (MMP¥MPs are a urothelial mucosad? MMP2 is the most abundant MMP, constitug
family of related proteinases whose principal function appears tigely secreted in a latent form by many cell types of mesenchyrgal
be the breakdown of extracellular matrix proteins during processasgin.'* MMP2 is unique among MMPs in that its proform is no§

of tissue remodeling associated with growth, development, aadtivated by enzymatic digestion with exogenous proteinases sgich
repair. Several MMPs are expressed in cancers at levels that aseurokinase, plasmin, plasma kallikrein, elastase, or cathepsiﬁG,
higher than those found in normal tissue or benign adenomas. It tilas putative physiologic activators of other pro-MMP$IMP2 is g
been suggested that MMPs and tissue inhibitors of metalloprotegynthesized and secreted as a zymogen and is activated on thgcell
ase (TIMPs) in circulating body fluids may contribute to thesurface by 3 different recently discovered MT-MMPS7 Apart
regulation of tumor metastasis, invasion, and angiogeAésisfrom the common and conserved typical MMP structure, th@e
Recent studies have shown that the MMP2:TIMP2 ratio could bex@embrane-bound MMPs have a transmembrane domain atahe
predictor of invasion, metastasis, and recurrence in urothel C-terminus. Although MT2-MMP and MT3-MMP were als@

in prostate cancer patierftsn addition, an increasing number of shown to activate pro-MMP2, MT1-MMP is the one with the begt
studies of MMPs in soluble form—detected and measured documented correlation to the invasive phenotype of dlﬁer@t
plasma and serum—are being carried out to help in the prognosigydes of cancer, as is active MMP2. The expression of MT1-MMP
various diseases. The purpose of these studies is to correlate MMIB been studied in many cell types and is well correlated v@th
serum levels to pathologic clinical features. Overexpression activation of pro-MMPZ2:1118 The role of MT1-MMP in pro- ¥
human tissues of MMP2 by tumor and stromal cells can BdMP2 activation through TIMP2 complex formation is now
correlated with invasive and metastatic behaviors of tumors anetognized? In addition, TIMP2 has recently been proposed as a
with poor prognosis. Furthermore, MMP2 plasma levels were useggulator of pro-MMP2 activation, by limiting the TIMP2/MT1-

as markers of liver disease in chronic hepatiti& &hd were MMP receptor complex formatiotf. Excess or default of TIMP2
correlated with histologic stages of hepatitisligh levels of are both inhibitory for MMP2 activatiof2?
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Blood platelets, principal cells of primary hemostasis, plater. Briefly, 400nL samples of washed platelets supplemented with
major roles in thrombosis, clot lysis, atherosclerosis, metastadigfinogen (0.28 mg/mL) and stirred at 1100 rpm were preincubated with
and inflammation. At the site of vessel injury, platelets becondMPs inhibitors, TIMP1, TIMP2, and BB94 at different concentrations.
activated and release several mediators that modify tissue integt‘ﬁ??r 2 minutes of incubation, pretreated platelets were then challenged
They may be considered secreting cells, and their ability to relea\géh dlﬁerent agonists (AA’ CO"ager.]’ ADP, thrombln?.‘ The percentage of

. . S aggregation was determined 3 minutes after addition of the stimulat-
proteinases during activation was recently emphasizéds well ing agent
known that interactions between soluble molecules and platelets '
result in a clot formation, but platelets have also been shown IE? i

. . . : . . ow cytometry analysis
facilitate metastasis by interacting with tumor cells. Interestingly, it
was shown that tumor cells, able to cause metastasis in vivo, Hdembrane surface expression of MMP2, MT1-MMP, TIMP2, and MMP9
the ability in vitro to induce platelet aggregatiétiTo date, only 2 by resting and activated platelets was studied.by flow cytometry. Nonstirred
papers have reported a relationship between gelatinase secrefigfed platelets (x 10°/mL) were incubated in an aggregometer cuve at
and human platelets. One paper described tumor cells’ abilityji%ec flortslnl'””tes '”t:]he p_reseng.e :’rl'n]fhe;pse;;e ?mlﬁqlld‘ Cr?"ggefn' 20
; S ; platelets were then immediately fixed in 1% formaldehyde for
induce in vitro platelet aggregation and showed that platelets co n|1|nutes, adjusted to $@ells/mL, and distributed in a 96-well culture plate.

stimulate tumor cells to secrete MMPs, thereby facilitating metastae. lots were incubated 30 minutes in the dark at 4°C with MMP2

sis?> More recently, Sawicki et & reported the release of MMP2 \yr1_\ivip, TIMP2, or MMP9 monoclonal antibody or with a mouse 9®
by human platelets and claimed that MMP2 was involved iontrol isotype). The samples were then washed twice in Tyrode’s buffer
platelet-aggregating response. They showed that active but B incubated for 30 minutes at 4°C with fluorescein isothiocyanafe—
latent MMP2 enhanced platelet aggregation triggered by collagesnjugated goat antimouse IgG (26/mL). Finally, samples were washed&
and that the inhibition of MMP2 activation inhibited plateletcentrifuged, and resuspended in 0.6 mL of Tyrode’s buffer. Analysis véas
aggregation. However, the mechanism of MMP2 activation was negrformed using FACScan instrument (Becton Dickinson, San Jose, CA§
elucidated.
In the present work, we show the expression of MT1-MMP iMembrane preparation

blood platelets and its role in platelet aggregation within thSIasma membranes were dqf h ial cells and

. prepared frrom human mesangial cells an
trimolecular complex MT1-MMP/TIMP2/MMP2. We also demon-_human washed platelets as previously descteat stored at80°C.
strate the modulatory effect of natural (TIMP2) and synthetic
(BB94) MMP inhibitors on the platelet response.

om

Gelatin zymography and reverse zymography
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The gelatinolytic activity in pellets and supernatant of resting and activaged
. platelets was visualized on zymograms performed under nonreduged
Materials and methods conditions, using SDS-polyacrylamide gels containing 1-mg/mL gela§n
(7.5% PAGE for gelatin zymography and 14% for reverse zymograpr'g).
After electrophoresis the gels were soaked in 2.5% Triton X-100 for 1 h&ir
Collagen Horm was provided by Nycomed (Mah, Germany). Gelatine, to remove SDS and incubated in Tris-HCI (50 mmol/L, pH 7.5), G4&l Z
arachidonic acid (AA), adenosing-Biphosphate (ADP), fibrinogen, bo- mmoliL), and ZnCj} (1 pmoliL) overnight at 37°C and stained with@
vine serum albumin (fraction V), human thrombin, and mouse monoclon@pomassie blue dye. Reverse gelatin zymography was performedgby
immunoglobulin (Ig) G1 antibodies were from Sigma Chemical Co (Sfcubating SDS-PAGE gels in the same buffer containing 1 volume f
Louis, MO). Agarose and the enzymes for reverse transcription (RT) werd 1080 serum-free conditioned medium.

from Gibco BRL (Gaithersburg, MD). Human high molecular weight

urokinase was from Hoechst-Behring (Puteaux, France). The moleculgimunoblot analysis

weight standards for the sodium dodecyl sulfate—polyacrylamide gel

electrophoresis (SDS-PAGE) gels were from Bio-Rad (Hercules, CAffter SDS-PAGE, in nonreduced or reduced conditions (1-mm@ifner- o
Human monoclonal antibodies to MMP2 [Ab-3], MMP9 [Ab-1], TIMP2 captoethanol), the proteins were transferred onto polyvinylidene diﬂuorfge
[Ab-1], and MT1-MMP [Ab-1]'5 and human recombinant TIMP1 and membrane (Millipore Corp, Bedford, MA) with a Trans-Blot semidr
TIMP2 were obtained from Oncogene Science (Genzyme, Cambridde@nsfer cell (Bio-Rad). After blocking 1 hour at 37°C in Tris-HCI (5(8
MA). The ECL kit, the goat antimouse IgG and-$2P) dCTP were from mmol/L, pH 7.5), NaCl (100 mmol/L), triethanolamine-buffered salir%
Amersham Life Science (Buckinghamshire, United Kingdom). The MMETBS) containing 2% bovine serum albumin, and 0.1% Tween 20, tge
synthetic inhibitor BB94 (Batimastat; P. D. Brown, L. Bawden, K. Miller, membrane was incubated with monoclonal antibodies anti-TIMP2 X1
Patent, WO 93/21942, 1993 was from British Biotech (Oxford, United ng/mL) or anti-MT1-MMP (10 pg/mL) for 18 hours at 4°C. After
Kingdom). All other reagents were of analytical grade. extensive washing in TBS-0.1% Tween 20, the membrane was incubated
with goat antimouse 1gG for 1 hour at room temperature. After extensive
washing, the blots were revealed by chemoluminescence with the ECL kit.

Materials

Ad Jpd"¥90£000

Preparation of human platelets

Blood was obtained from healthy human volunteers who had not "ecewﬁijnplification of platelet MT1-MMP, MMP2, and TIMP2

any medication for at least 10 days and was anticoagulated with one-sixth of

its final volume by citric acid—citrate dextrose (7 mmol/L, 93 mmol/L, andotal RNA from human platelets was isolated by the method of Chomczyn-
139 mmol/L, respectively, pH 6.4) containing heparin (20 IU/mL). Washegki and Sacchi* The mRNA was reverse transcribed using random
platelets were prepared according to Mustard#teadcept that apyrase was hexamers. A total of 25 ng of complementary DNA was used as a template
omitted and prostacyclin (PgI(1 nmol/L) was added during the first 2 in each polymerase chain reaction (PCR). The sense primer 5
steps of washing. The platelets were resuspended in Tyrode’s buffer &#fdCTATGCCTACATCCGTGA-3 and the antisense primef-CCATC-
adjusted to a final concentration ob&L08 cells/mL. CATCACTTGGTTAT-3, complementary to nucleotides 598 to 617 and
1148 to 1167, respectively, of human MT1-MMP were used as de-
scribed!®>18 For MMP2, the sense primer’ 3 TTTCTCGAATCCAT-
GATGG-3 and the antisense primef-BTGGTGCAGCTCTCATATTT-
Aggregation was monitored at 37°C by measuring the variation of ligl®, complementary to nucleotides 428 to 447 and 1028 to 1047, respectively,
transmission according to method of B&twith a Chronolog aggregome were used according to Martin et &l.For TIMP2, the sense primer

Platelet aggregation
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5'-GTTTTGCAATGCAGATGTAG-3 and the antisense primer’-5 Mr
ATGTGGAGAAACTCCTGCTT-3, complementary to nucleotides 381 to (kd) A B
400 and 901 to 920, respectively, were used as descioB@R was 90—

performed by standard techniques using Taq polymerase, repeating & -
cycles of a 60-second denaturation step at 94°C, a 60-second annealing si
at 60°C, and a 60-second extension step at 72°C for MT1-MMP;
denaturation was 60 seconds at 95°C and annealing 90 seconds at 52°C
MMP2 and TIMP2. The respective amplified PCR products were analyzec 63— }
on a 1.5% agarose gel and scanned.

4 89

45— l4- 45

-...
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Figure 2. Expression of MT1-MMP on platelet membranes. (A) Human mesangial
cell membranes (HMCs, lane 1), HMC membranes treated by urokinase (100 nmol/L
for 24 hours) (lane 2), human resting platelet membranes (lane 3), and aggregated

Control and collagen- (leg/mL) aggregated platelets were centrijPlatelet membranes (lane ‘.1) were analyzed by immunoblotting using an antihuman
fuged, and the supernatants and the peIIets were collected T1-MMP monoclonal antibody. (B) Human .p_IateIet membranes were analyzed by
noblot in nonreduced and reduced conditions.
analyzed by gelatin zymography under nonreduced conditions. In
the supernatants of resting platelets, gelatin zymograms showed the . . .2
presence of a unique gelatinolytic band of 68 kd correspondingI _platelet supernatants of resting (F_|gure_3_>, lane 3) and actlvaged
latent MMP2 (Figure 1, lanel). After stimulation, 2 activated form 'gure 3, lane 4) platelets as well as in purified platelet membrages
of 62 and 59 kd appeared in the supernatants (Figure 1, lane 2). gure 3, lane 6).
gelatinolytic_ activity associated with the platelet pellet could bExpression of MRNAs encoding for MMP2, MT1-MMP, and
detected (Figure 1, lane 3). TIMP2 in platelet
. . platelets

Western blot analysis of cell membranes showed that resting
platelets (Figure 2A, lane 3) expressed MT1-MMP in 2 forms: thRT-PCR was performed on total RNA extracted from washéd
inactive 45-kd MT1-MMP similar to that in membranes ofhuman platelets. The resulting products were compared with these
urokinase-treated mesangial cells (Figure 2A, lane 2) and anotltained from human mesangial cells as control. We found mRN&s
unusual 89-kd form. After platelet aggregation, only the 45-kgncoding for MT1-MMP, MMP2, and TIMP2 as single bands éf
band remained associated with the platelet membranes (Figure 880, 620, and 540 base pairs, respectively, as predicted bygthe
lane 4). To study whether the 89-kd band was a new molecular fogslected primers. RT-PCR products from platelets were of the s%ne
of MT1-MMP or a complex containing MT1-MMP, we performedsize as in control mesangial cells, but mRNA transcript levels wege
SDS-PAGE under reduced conditions (1-mmd#Amercaptoetha- in lower amounts in platelets than in mesangial cells (Figure 4).
nol), and the proteins were analyzed by Western blot. The results
showed that in reduced conditions the 89-kd band disappear&dhanced expression of trimolecular complex components
whereas the 45-kd band remained unchanged with anti-MT1-MMiRring platelet activation
(Figure 2B).

By reverse zymography, both TIMP1 and TIMP2 were detect

Results reduced

non-
reduced

Expression and release of MMP2, MT1-MMP, and TIMP2
by aggregated platelets
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e1a) study platelet surface expression of MT1-MMP, MMP2, argl
TIMP2, resting and activated platelets were used. Flow cytom%ry
analysis showed the expression at the cell surface of MMPs ang of
TIMP2 before activation. As shown by an increase of fluorescere
intensity when platelets were incubated with specific monoclo@al
antibody to MMP2 and MT1-MMP, compared with appropriatg
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(kd)

97— isotype, platelet activation enhanced the expression of MMP2 @&nd
o
Mr S
(kd) PN
66—
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Figure 1. Expression of MMP2 by human platelets. = Human washed platelets were 1 2 3 4 s P

resuspended in Tyrode’s buffer and were divided into 2 groups corresponding to

resting and collagen- (1 pg/mL) aggregated platelets. Supernatants from resting and Figure 3. Expression of TIMP1 and TIMP2 in human platelets. Resting and

activated platelets as well as the platelet pellet solubilized in the sample buffer (lane
3) were studied by gelatin zymography in a 7.5% acrylamide gel containing 1-mg/mL
gelatin under nonreduced conditions. Gelatinolytic activity at 68 kd and at 62 to 59 kd
was visualized, indicating the presence of MMP2 in proform in resting platelets (lane
1) and in proform and activated forms in activated platelets (lane 2).

collagen- (1 pg/mL) activated platelets were centrifuged and analyzed for TIMP
expression by reverse zymography. Lane 1: molecular weight markers; lane 2:
human recombinant TIMP2; lane 3: supernatants from resting platelets; lane 4:
supernatants from activated platelets; lane 5: activated platelet pellet; lane 6: purified
platelet membranes.
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Figure 4. Expression of MT1-MMP, MMP2, and TIMP2 mRNA transcripts in 2 ”
platelets. Using RT-PCR analysis, the expression of MT1-MMP, MMP2, and TIMP2 e ok
mRNA transcripts was studied in washed platelets and compared with corresponding E
mMRNA transcripts expressed by human mesangial cells. PCR products stained with 'E'. 5
ethidium bromide were electrophoresed in a 1.5% agarose gel. The figure shows i Comirdl
RT-PCR products of total RNA derived from platelets (Pl) and mesangial cells (Mes) Contral 2 min
using specific primers for MT1-MMP, MMP2, and TIMP2. Left and right panels Ly
represent the molecular size markers, and the bands of 550, 620, and 540 base pairs
correspond to MT1-MMP, MMP2, and TIMP2, respectively. B
Mr
(kd)

MT1-MMP (Figure 5C-D). In addition, a large amount of TIMP2 %"=

was released and remained associated with platelet membran
during platelet activation (Figure 5E). A very small amount of g_
MMP9 was detected on resting platelets and did not increase afte
platelet activation (Figure 5B).

Inhibition of platelet aggregation and of MMP2 activation o=

by MMP inhibitors

+TIMP2 +TIMP2

+Collagen

+ BB%4
+Collagen

+ Collagen

Resting
Platelets

The role of MMP inhibitors in platelet aggregation was studied
using various agonists. Washed platelets®(t@lls/mL) were Figure 6. Inhibition of platelet aggregation by TIMP2 and BB94.  (A) Platelets
preincubated with MMP-specific tissue inhibitors TIMP1 (1_gvere pretreated for 2 minutes with MMP inhibitors as indicated and then triggered by
. collagen (1 pg/mL), AA (10 pmol/L), or ADP (10 wmol/L). The figure shows the
pg/mL), TIMP2 (0'5'1-5“9/”1_'-) or a synthetic compound BB94 i o by TiMP2 (0.5-1.5 wg/mL) and BB94 (2.5-4 pmoliL) but not by TIMP1 (1.5
(2.5-4.0 pmol/L). After 2 minutes, platelets were exposed tQug/mL) of platelet response. Results are representative of 3 separate experiments.
collagen (]_ Mg/mL), AA (]_0 meoI/L), ADP (10 Mm0|/|_)’ or (B) The supernatants of platelets treated as indicated on the figure were analyzed by
thrombin (0.075 1U/mL). Both TIMP2 and BB94 inhibited collagen-9¢/31n ymography.
induced platelet aggregation in a concentration-dependent manner

(Figure 6A, upper panel). The inhibition of platelet aggregatioB

) . L zymography analysis of the same supernatants (Figure GB)gz In
was associated with the absence of activation of MMP2 as Sho‘é)éntrast, TIMP1 had no significant inhibitory effect (Figure 6/3

upper panel). Similar inhibition of platelet aggregation was o%-
served with TIMP2 and BB94 when platelets were triggered by AA
or by ADP (Figure 6A, lower panel). When platelets werg
stimulated by thrombin, only a partial inhibition of pIateIei
response and MMP2 activation was observed in the presencg of
TIMP2 (Figure 7). R
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Figure 5. Flow cytometry analysis of MMPs on the platelet membrane - . .
: ; Thrombin TIMP.
surface. Resting and collagen- (0.5 pg/mL) activated platelets were treated as
g g ( g ) p ool Control +Thrombin

described in “Materials and methods.” (A) Nonspecific fluorescence intensity where

resting (i) and activated (ii) platelets were pretreated with mouse 1gG (control
isotype). (B-E) Fluorescence intensities when resting (i) and activated (ii) platelets
were pretreated with specific MMP9 (B), MMP2 (C), MT1-MMP (D), and TIMP2 (E)
monoclonal antibodies, respectively. Results are representative of 3 separate
experiments.

Figure 7. Effect of TIMP2 on thrombin-induced platelet aggregation and
MMP2 activation. (Left panel) The platelets were pretreated for 2 minutes
with TIMP2 (1 pg/mL) and exposed to thrombin (0.075 IU/mL). (Right panel)
The supernatants of platelets treated as indicated were studied by gelatin
zymography.
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C-terminal domain of pro-MMP2.3 Then, a second “free”
Discussion MT1-MMP molecule cleaves and activates pro-MMP2, generating
an intermediate 64-kd forfi:3® The autocatalytic cleavage of
Recently, Sawicki et 8 have reported the release of pro-MMP2 byMMP2 generates the active 62- and 59-kd forms. MT1-MMP
platelets and have demonstrated a proaggregatory effect of activation sequentially generates the 60-kd active and a 45-kd
human recombinant MMP2, but the mechanism of pro-MMPihactive species, the latter being a product of MMP2 activetidh.
activation was not elucidated and, in particular, the expression lofleed, we observed in membranes of activated platelets the total
MT1-MMP by platelets has never been addressed. MT1-MMP hdisappearance of the 89-kd MT1-MMP concomitantly to the
been described in at least 3 membrane-associated forms: a nagieeeration of the 62- to 59-kd active forms of MMP2 in platelet
63-kd, a 45-kD inactive-processed, and the 60-kd furin-processsapernatant. Therefore, our results indicate that MT1-MMP is not
form 3334 We have previously shown the existence of a solublenly a major determinant of pro-MMP2 activation on platelets but
MT1-MMP of 55 kd in human mesangial cell supernatéfitand also that this activation has taken place within the trimolecular
recently we found it in human plasma and serum (I.K. et atomplex MT1-MMP/TIMP2/MMP2. This finding is further sup-
unpublished data, 1998). This finding lead us to study MT1-MMPorted by the presence of TIMP2 in platelets.
secretion by human platelets. The results of Western blot experi- The platelet collagenolytic activity has been studied in guinea
ments on human resting platelet membranes showed 2 mapigs*? and in human being®, and the presence of TIMP1 ang
immunoreactive bands of 45 and 89 kd. The 89-kd band, recobHMP2 in human megakaryocytes and platelets has been esiab-
nized by the MT1-MMP monoclonal antibody, was never describdidhed recently3 The fact that TIMP1 was also expressed k¥
before. To study whether this 89-kd protein could represent a ngiatelets could explain the existence of latent MMP2 in both resti%g
molecular form of MT1-MMP or a complex containing MT1-and activated platelets. MMP2 activity is sensitive to inhibition I3
MMP, the platelet membranes were also analyzed in reduckdth TIMP1 and TIMPZ! but recent studies have reported
conditions. In the presence pfmercaptoethanol, the 89-kd bandcontrary effects of TIMP1 and TIMP2 on MMP2 and MTl-MMIf
totally disappeared, pointing to the existence of a compleactivity. TIMP1 appears to be an effective inhibitor of MMPBut
Considering the apparent molecular weight (89 kd), this proteig not able to form a complex with pro-MMP2TIMP2 has dual
could be either a 45-kd MT1-MMP dimer or native MT1-MMP (63effects on MMP2. At stochiometric concentrations, TIMP2 allovgs
kd) complexed to TIMP2 (21 kd). Interestingly, it was recentlyro-MMP2 activation in the trimolecular complex and, in exce%,
shown that TIMP2 could bind MT1-MMP at the cell surfaceTIMP2 binds free MT1-MMP, therefore preventing pro-MMPZ
generating the MT1-MMP/TIMP2 receptor necessary for praleavage and activation by free MT1-MMP. MT1-MMP is alsﬁ
MMP?2 activation?®35-37 |t was tempting to hypothesize that thesensitive to the inhibition by TIMPs; however, unlike TIMPZS
89-kd protein could represent a readily assembled receptor PIMP1 even at high concentration is unable to inhibit the proceS;s-
platelet membranes, especially because the reverse zymogramiagdof MT1-MMP2° The fact that platelet aggregation could b&
the flow cytometry data showed the existence of TIMP2, a solubilehibited by BB94 indicates that this inhibition is rather due to the
protein, on membranes of resting platelets. However, Western bighibition of MMP2 and of MT1-MMP than to a direct effect of“
with our anti-TIMP2 antibodies failed to detect the 89-kd bandtIMP2 on platelets. In addition, the inhibition of platelet aggrega—
(data not shown), and this is currently studied. tion by TIMP2, but not by TIMP1, indicates an inhibitory profll@
The apparent discrepancy between the increase of MT1-MMRaracteristic of MT1-MMP536The partial inhibition of thrombin- &
expression observed by flow cytometry during platelet activatignduced platelet aggregation could be explained by the dirgct
and the decrease of total MT1-MMP protein on membranes aftgioteolysis and activation of MMP2 by thrombifibypassing the §
collagen-induced aggregation, visualized by Western blot, may kgibitory effect of TIMP2 on the activation of MMP2 within thec
explained by differences in the experimental conditions. In the floiimolecular complex.
cytometry experiments, platelets were activated without stirring In conclusion, our results have demonstrated the presencg of
and were not aggregated; MT1-MMP was expressed at the ogfir 1-MMP in human platelets, the release of the components of e
surface but not consumed. Then platelets were fixed and stainggholecular complex MT1-MMP/TIMP2/MMP2 during pIateIeiS
with anti-MT1-MMP antlbody In contrast, in Western blot experlact|vat|on and MT1-MMP’s role in the modulation of p|ate|g
ments, platelets were recovered by centrifugation at the end of t’mgregatlon

aggregation and lysed in the sample buffer. During platelet
aggregation, MT1-MMP had been totally activated and processed
into the 45-kd inactive form.
Pro-MMP2 activation on the cell surface is a complex proceggcknowledgment
involving a trimolecular complex composed of TIMP2 interacting
simultaneously with the catalytic site of MT1-MMP and with theéWe thank Dr Agnes Noel for helpful suggestions.
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