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C-terminal ADAMTS-18 fragment induces oxidative platelet fragmentation,
dissolves platelet aggregates, and protects against carotid artery occlusion and

cerebral stroke
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Anti-platelet integrin GPIllla49-66 anti-
body (Ab) induces complement-indepen-
dent platelet oxidative fragmentation and
death by generation of platelet peroxide
following NADPH oxidase activation.
A C-terminal 385—amino acid fragment of
ADAMTS-18 (a disintegrin metalloprotein-
ase with thrombospondin motifs pro-
duced in endothelial cells) induces oxida-

tive platelet fragmentation in an identical
kinetic fashion as anti-GPllla49-66 Ab.
Endothelial cell ADAMTS-18 secretion is
enhanced by thrombin and activated by
thrombin cleavage to fragment platelets.
Platelet aggregates produced ex vivo with
ADP or collagen and fibrinogen are de-
stroyed by the C-terminal ADAMTS-18
fragment. Anti-ADAMTS-18 Ab shortens

the tail vein bleeding time. The C-terminal
fragment protects against FeCls-induced
carotid artery thrombosis as well as cere-
bral infarction in a postischemic stroke
model. Thus, a new mechanism is pro-
posed for platelet thrombus clearance,
via platelet oxidative fragmentation in-
duced by thrombin cleavage of ADAMTS-
18. (Blood. 2009;113:6051-6060)

Introduction

Patients with early-onset HIV-1 or hepatitis C virus (HCV)-related
thrombocytopenia (HIV-1-ITP)!? develop a unique anti-platelet
GPIII Ab directed against the GPIIIa49-66 epitope capable of
fragmenting human and mouse platelets in the absence of comple-
ment and inducing thrombocytopenia in mice.>* In both HIV-1-ITP
and HCV-ITP, the anti-GPIIla Ab correlates inversely with platelet
count.’ The development of thrombocytopenia in mice can be
inhibited/reversed with GPIlla 49-66 peptide conjugated to albu-
min.> A similar Ab with similar properties can be raised in rabbits
immunized against GPIIla 49-66 peptide.*

Recent studies have revealed that the Ab-induced platelet
fragmentation is induced by reactive oxygen species (peroxides)
generated from a platelet NADPH oxidase pathway and
12-lipoxygenase (12-LO).3 The Ab-induced mechanism requires
Ca?* flux and activation of platelet 12-LO and phospholipase A,.®
In arecent report we demonstrated that host production of this Ab is
secondary to molecular mimicry with polymorphic HIV-1 pep-
tides.” These unique findings prompted a search for a physiologic
ligand capable of inducing this reaction, since we hypothesized that
it could regulate platelet thrombus formation. Search for a physi-
ologic ligand was investigated by panning the GPIIIa 49-66 peptide
with a phage surface display 7-mer peptide library. Twenty positive
peptide clones were isolated that reacted with GPIIIa 49-66. One of
these peptides had 70% homology with the C-terminal end of
ADAMTS-18 (1148-1152), a disintegrin and metalloproteinase
with thrombospondin (TSR)-like motifs.

The human ADAMTS:s are a family of 19 secreted Zn-metallopro-
teinases, which have multidomain structural components in common.
These include an N-terminal signal peptide, followed by a prodomain, a

metalloproteinase catalytic domain with a zinc binding motif, a disinte-
grin-like domain, a central thrombospondin type-1-like repeat (TSR), a
cysteine-rich domain (high sequence homology), a spacer region, and a
variable number of C-terminal TSR repeats. Some have further C-
terminal domains. Several ADAMTSs have known functions. These
include N-terminal procollagen processing (ADAMTS-2, -3, -14) 311
spermatogenesis (ADAMTS 2),'2 inhibition of angiogenesis
(ADAMTS-1, -8, and -9),'*!% follicular rupture and ovulation
(ADAMTS- 1),13 cleavage of matrix proteoglycans aggrecan, versican,
and brevican (ADAMTS-1, -4, -5, -8, -9, -15),!61% degradation of
cartilage oligomeric matrix protein (ADAMTS-7, ADAMTS-12), and
cleavage of ultralarge molecular weight von Willebrand factor
(ADAMTS-13). All known ADAMTSs (except 10 and 12) contain a
subtilisin-like pro—protein convertase cleavage site in their prodomains
that are furin recognition sequences.?’ It is suggested that autocatalytic
sequential processing of the N-terminus may regulate their intracellular
distribution, release, or activity.?!?> The C-terminal domains can also be
enzymatically processed to affect substrate specificity, extracellular
matrix binding, and bioactivity.*2¢ ADAMTSs with no known function
or substrate have been termed “orphan ADAMTSs.”'720 ADAMTS-18
has recently been shown to be epigenetically silenced in multiple
carcinomas and to have tumor suppressor activity.?’” Mutation of
ADAMTS-18 is strongly associated with colorectal cancer.”® Our
studies focus on the C-terminal fragment of ADAMTS-18, encompass-
ing the terminal TSR domain that binds to platelet GPIIIa49-66 and
oxidatively fragments platelets.

In this report, we demonstrate the following: (1) Endothelial
cells constitutively secrete ADAMTS-18. (2) Thrombin en-
hances endothelial ADAMTS-18 secretion in vitro and in vivo.
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(3) Thrombin cleaves ADAMTS-18 to produce a C-terminal
45-kDa platelet-active fragment. (4) C-terminal ADAMTS-18
peptide induces the same oxidative fragmentation of platelets as
anti-GPII1a49-66 Ab platelet activation. (5) C-terminal AD-
AMTS-18 peptide dissolves ex vivo platelet aggregates, regu-
lates the in vivo bleeding time, inhibits carotid artery platelet
thrombus formation, and protects against postischemic cerebral
stroke in mice. It is hypothesized that platelet thrombi are
cleared through thrombin-induced secretion and cleavage of
ADAMTS-18.

Methods

Experimental procedures

Human population. Patient sera were obtained with informed consent
acquired in accordance with the Declaration of Helsinki from early-onset
HIV-1-infected thrombocytopenic patients without AIDS and control
subjects (healthy laboratory personnel). These studies were approved by the
New York University Medical Center Institutional Review Board.

Mice. Platelet counts were measured by phase-contrast microscopy as
previously described.> GPIlla~/~ mouse platelets with C57/BL6 back-
ground and BALB/C mice were purchased from The Jackson Laboratory
(Bar Harbor, ME) and genotype was confirmed by polymerase chain
reaction (PCR). Swiss Webster mice were obtained from The Jackson
Laboratory.

Reagents. All reagents were obtained from Sigma-Aldrich (St Louis,
MO) unless otherwise designated. 7-Dicholordihydrofluorescine diacetate
(DCFH-DA) was obtained from Molecular Probes (Eugene, OR). Hirudin
was obtained from Hoechst Marion Rousel (Kansas City, MO). ADAMTS-18
peptide conjugated to biotin, Bio-VQTRSVHCVQQGRPSSSC-OH,
ADAMTS-18 scrambled peptide, Bio-VQTRSVQVHCQGRPSSSC-OH,
GPII1a49-66 conjugated to biotin (Bio-CAPESIEFPVSEARVLED), and
GPII1a49-66 (CAPESIEFPVSEARVLED) were synthesized by Biosynthe-
sis (Lewisville, TX). scFv A1l was made from a human scFv phage surface
display monoclonal library as described.? Anti-N-terminal ADAMTS-18
is a polyclonal Ab, kindly provided by Dr Andrew J. Connolly, Stanford
Medical School (Stanford, CA).

Immune complexes. Serum complexes were isolated from sera by
polyethylene glycol precipitation and dissolved in one fifth their serum
volume in 0.01 M PBS, pH 7.4.% Purified IgG was isolated from immune
complexes and affinity purified on fixed platelets as described.!

Affinity purification of anti-platelet GPIIla49-66. Peptide
GPII1a49-66 (CAPESIEFPV-SEARVLED) was coupled to an affinity
column with the heterobifunctional cross-linker sulfo-succinimidyl 4-(N-
maleimidomethyl) cyclohexane-1 carboxylase as recommended by the
manufacturer (Pierce Biotechnology, Rockford, IL). This cross-linked the
resin with the NH,-terminal cysteine of the peptide, which was then
incubated with 0.4 mL platelet affinity-purified IgG3! overnight at 4°C. The
column was then washed, eluted at pH 2.5, and neutralized as described.?!

Induction of platelet particles. Gel-filtered normal platelets were
prepared from platelet-rich plasma obtained from blood collected in 0.38%
sodium citrate using a sepharose 2B column preincubated with Tyrode
buffer (pH 7.4). Gel-filtered platelets (107/mL) were either unlabeled or
labeled with an anti-GPIIIa-FITC mAb (Ancell, Bayport, MN), 10 pwg/mL
for 30 minutes at 4°C, centrifuged at 1000g for 6 minutes at room
temperature, and resuspended in Tyrode buffer. Ten microliters of unlabeled
or FITC-labeled platelets (107/mL) were then incubated with affinity-
purified anti-GPII1a49-66 or rADAMTS-18 (385 AAs; 25-50 pg/mL), in
100 pL volume Tyrode buffer for O to 4 hours at 37°C and then stored in an
ice bucket prior to measurement of percentage of platelet particles by flow
cytometry. Further particle formation is arrested at 0°C.

Assay of platelet particle formation. Fluorescent-labeled particles
were measured by flow cytometry, using a FACScan (Becton Dickinson,
Mountain View, CA). Debris and dead cells were excluded using scatter
gates. Only cells with low orthogonal light scattering were included in the
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sorting gates. Gates were adjusted for control platelets by exclusion of other
blood cells. Fluorescent-labeled intact platelets were monitored in the right
upper quadrant (RUQ) with the y-axis measuring forward scatter and the
x-axis measuring fluorescence. A shift in fluorescent or nonfluorescent
particles from RUQ to LUQ and LLQ reflected percentage of platelet
particle induction of 10 000 counted platelets/particles.

Assay of LDH. LDH was assayed using the commercial LDH Kit
supplied by Biotrin Diagnostics (Hemet, CA).

Assay of platelet oxidation. Gel-filtered platelets were loaded with
10 uM DCFH-DA for 30 minutes at 37°C as described* and challenged
with control or anti-GPII1a49-66 IgG. Oxidation was quantitated by
measuring the increase in mean fluorescence with flow cytometry.

Screening phage display peptide library. The PhD-7 phage library
was obtained from New England Biolabs (Cambridge, MA). Biotin-
conjugated GPIIla 49-66 peptide (13 ng) was incubated with 2 X 10'! pfu
phage in 400 L. TBST buffer (Tris 50 mM, NaCl 150 mM, Tween-20
0.1%, pH 7.5) at 4°C overnight. Positive phage clones were pulled down
and washed with TBST by adding 20 pnL avidin-agarose beads (Sigma-
Aldrich). Phage clones with specific binding to GPII1a49-66 were eluted by
adding 13 pg non-biotin-conjugated GPIIla 49-66 in 200 wL TBST. The
eluted phage was amplified in E coli ER2738. The amplified phages were
titered on LB/IPTG/X-gal plates and the titer, derived from the number of
blue phage plaques, was used to calculate an input volume corresponding to
2 X 10" pfu phages for the next round of panning. After the third round of
panning, 20 clones were randomly selected for sequencing. Phage peptide
sequences were analyzed for sequence similarity to other proteins using the
BLAST algorithm of the Blast program and the database of the National
Center for Biotechnology Information (NCBI).??

Expression constructs. Full-length ADAMTS-18 cDNA coding se-
quence was cloned into mammalian expression vector pBudCE4.1 from
Invitrogen (Carlsbad, CA). Two constructs with and without the His-tag
were made. Three constructs were made to express the C-terminal domains
of ADAMTS-18 in pGEX-4T-2 vector from GE Healthcare (Piscataway,
NJ). These constructs express the C-terminal fragments of ADAMTS-18
covering 837 to 1221 (385 AAs), 1034-1221 (188 AAs), and 1156-1221
(66 AAs). The 385-AA construct was also scrambled at 1149 to 1152 in
which HCVQQ was mutated to QVHCQ (sc 385 AAs).

Reverse transcription—-PCR of human umbilical vein endothelial cells
(HUVECs) for ADAMTS-18. Nestled primers were used for ADAMTS-
18. The first round was as follows: forward: 5’-cgaagttgtaccatcaatgag-3’
and reverse: 5'-agagcctagttcatgatcac-3'; and second round: forward: 5'-
atggcaatttggagcaaaag-3' and reverse: 5'-gcttggggttattgcagtgt-3’. A PCR
product of 295 bp was obtained.

Purification of GST-ADAMTS-18 fragments from E coli. Esche-
richia coli BL 21 transformed with the pGEX-4T-2 construct plasmid were
grown at 37°C in LB medium with 50 pg/mL to an ODg of 0.5. IPTG
(0.2 mM) was then added to induce expression of the GST fusion gene in
culture overnight, at 25°C. Cells were harvested, resuspended in phosphate-
buffered saline, and sonicated with a sonicator. The cell debris was removed
by centrifugation. The cell-free extract was loaded onto glutathione-agarose
beads from Sigma-Aldrich. The purified GST proteins were then examined
by SDS—polyacrylamide gel electrophoresis (PAGE).

Cell lines. HUVECs were obtained from Cambrex Biosciences
(Walkersville, MD). Human brain microvascular endothelial cells (BMECs)
were a gift of Dr George Ghiso, NYU Medical Center. HEK293T cells were
obtained from the ATCC (Manassas, VA).

Assay of ADAMTS-18. A standard curve was prepared with the
ADAMTS-18 C-terminal 385-AA peptide applied overnight at 4°C to a
microtiter plate in 0.01 M bicarbonate buffer, pH 9.5. The plate was washed
and blocked twice with TBS + 1% BSA and incubated overnight at 4°C.
A polyclonal rabbit anti—-ADAMTS-18-mer IgG (> 93% specificity, deter-
mined by Ag absorption) was then applied overnight. The plate was then
washed and treated with donkey anti—rabbit IgG. A standard curve was
sensitive at 10 ng. Test material was assayed at various dilutions, at which
preimmune sera or second Ab alone had no effect.

Immunochemistry. This was performed on formalin-fixed paraffin-
embedded tissue. Five-micrometer-thick tissue sections were deparaf-
finized (2 washes of xylenes, graded alcohols, and buffered saline) and
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stained with a specific polyclonal rabbit Ab against ADAMTS-18 at
50 pg/mL following a 10-minute heat-induced epitope retrieval in boiling
10 mM citrate buffer, pH6. The primary Ab was incubated overnight and
detected using a conventional ABC method with 3’-3’diaminobenzidene as
the precipitating chromagen. Negative controls were with preimmune
serum or without the primary Ab. No positive staining was seen with
negative controls.

Preparation of platelet-fibrinogen aggregates in vitro. For ADP-
induced aggregates, 107 gel-filtered platelets were incubated with 100 mg/mL
fibrinogen and ADP (10 uM) for 30 minutes at 37° to create platelet
aggregates. Excess reagents were removed by washing in PBS and the
number of platelets/aggregate counted. For collagen-induced aggregates,
1 pg/mL collagen (Helena Lab, Lubbock, TX) was incubated for 1 hour at
37°C with intermittent shaking, followed by gravity sedimentation at room
temperature for 30 minutes. The top 50% volume was removed and the
remainder of the platelet aggregate suspension was added directly into
Tyrode buffer with testing reagents. Anti—-GPII1a49-66 Ab (20 wg/mL) or
rADAMTS-18 (35 pg/mL) was added for various time intervals and the
remaining platelets/aggregate were enumerated.

Thrombin cleavage assay. 3°S-methionine-labeled ADAMTS-18 was
translated from pBudCe4.1/ADAMTS-18-C-myc construct using an in
vitro translation kit (TNT Coupled Reticulocyte Lysate Systems; Promega,
Madison, WI) following the protocol provided by the manufacturer. The
protein of 3S-ADAMTS-18 was then digested by thrombin at room
temperature for one hour with/without inhibition with hirudin. The reaction
products were then resolved on SDS-PAGE gel and the developing film was
exposed to the dried gel at 4°C overnight.

Bleeding time. The mouse tail vein was severed 2 mm from its tip and
blotted every 30 seconds on a circular sheet of filter paper to obtain an
objective measurement. Termination of the bleeding time was recorded
after absence of blood on the filter paper. Bleeding time differences were
recorded by an unbiased observer and confirmed by 2 other observers.

Carotid artery thrombus formation. FeClz-induced arterial injury was
performed in 6- to 8-week-old Swiss Webster mice. A 2-mm? strip of no. 1
Whatman filter paper (Fisher Scientific, Pittsburgh, PA) soaked in 10%
FeCl; was dried and prepared for use. The right common carotid artery was
exposed by blunt dissection, and a 4 X 8-mm paraffin strip was placed
around the artery to isolate it from surrounding tissue. A Doppler flow probe
(Model BPM2 Blood Perfusion Monitor; Vasamedics, St Paul, MN) was
positioned around the artery, 1-mm proximal to the bifurcation of the
external carotid artery. The strip of filter paper was applied to the adventitial
surface of the artery, 5 mm from probe for 20 minutes. The filter paper was
removed, the field was flushed with saline, and the blood flow was
continuously monitored and recorded at base line, start injury, and each
minute for 35 minutes.

Postischemic stroke model. A 3 X 0.2-mm polyethylene thread at-
tached to a 9-mm 7/0 suture was inserted into the right internal carotid
artery and advanced to the bifurcation of the middle cerebral artery. The
obstruction was removed at 60 to 90 minutes. Mice were killed at 48 hours
or 8 days. Mouse brains were dissected into 8 coronal planes at 1-mm
intervals. Each section was stained red with triphenyltetrazolium chloride,
fixed in 10% formalin, and scanned into a commercial photo image-editing
program, and the data were stored in a disk. The unstained area of infarct
was computer calculated using an automated image analysis program
(Image J 1.32; National Institutes of Health [NIH], Bethesda, MD).

Neurologic test battery. Animals were evaluated on the following
behavioral tests, 8 days after stroke onset, by methods previously described
in detail.®? For the postural reflex test, mice are held by the tail above the
table and slowly lowered to the table edge to evaluate forelimb flexion.
Neurologically normal mice extend both forelimbs toward the edge. Mice
with ischemic damage consistently flex the forelimb contralateral to the
damaged hemisphere. Mice with mild deficit were given the score of 1, a
score of 2 was assigned for moderate deficit, and a score of 3 was given
when the deficit was marked. For rotor rod, an accelerating rotor rod was
used to measure the mouse’s balance and motor coordination after
operation. Each mouse was given 3 trials 15 minutes apart, with a
30-second adaptation at the beginning of the first trial. The rotation dial
reading is increased from 1.5 to 10 with an accelerating rate of 0.5 every
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15 seconds. The dial reading is recorded as the mouse falls. The time at
falling from the rod is averaged for the three trials. For transverse beam,
motor behavior was evaluated using the transverse beam test adapted for
mice. The apparatus consists of a wooden beam positioned above the bench
top. At one end of the beam is an enclosed darkened goal box. A doorway
provides access to the box from the beam. At the other end of the beam, a
300-W halogen lamp is mounted. Mice are trained to escape from the bright
light by running to the opposite end and entering the darkened goal box.
Performance was scored using the following scale: 1: mouse is unable to
balance on the beam; 2: mouse is able to balance but cannot place limbs on
the beam; 3: mouse traverses beam by dragging a limb; 4: mouse places
limbs on the beam at least once during traverse; 5: mouse places limbs on
the beam during 50% of the time; 6: mouse uses limbs during more than
50% of the time; 7: mouse traverses beam with no more than 2-foot slips.
Each mouse is given a total of 5 trials.

Results

Oxidative platelet fragmentation is independent of platelet
cyclic AMP or Gaq~/~

A unique mechanism of Ab-induced oxidative platelet fragmen-
tation has been described.>*¢ Ligation of GPIl1a49-66 induces
the activation of platelet NADPH oxidase and 12-LO with
release of platelet ROSs. This oxidative platelet fragmentation
requires Ca?" flux® and is associated with P-selectin activation
(Figure S1, available on the Blood website; see the Supplemen-
tal Materials link at the top of the online article). However, it
occurs in the presence of PGE-1 and dibutryl cyclic AMP
(Figure S2), or absence of Gaq (Figure S3), conditions that
inhibit classic thrombin-induced platelet aggregation induced
by outside-in signaling. Thus a new mechanism of platelet
activation and death is described.

ADAMTS-18 C-terminal peptide mimics the effect of Ab-induced
platelet oxidative fragmentation

In searching for a natural ligand to induce oxidative platelet
fragmentation, we used the platelet GPIIIa49-66 peptide as “bait.”
We then screened a phage surface display 7-mer peptide library
using the GPIIIa49-66 peptide as bait in 3 rounds of washes,
elutions, and amplification. Twenty clones were isolated. One of
these clones (VHCVQLY) had 70% identity with ADAMTS-18
(1148-1152). An 18-mer peptide of ADAMTS-18 was therefore
synthesized from the C-terminal TSR motif and conjugated to
biotin, Bio-VQTRSVHCVQQGRPSSSC-OH. The peptide alone
had no effect on platelet oxidative fragmentation. However, platelet
fragmentation was obtained with the 18-mer biotin-peptide plus an
antibiotin Ab or with streptavidin beads, not with the biotin peptide
alone (Figure 1A). No effect was noted with a biotin-labeled
scrambled peptide Bio-VQTRSVQVHCQGRPSSSC-OH plus anti-
biotin Ab or streptavidin beads. Oxidation is shown in Figure 1B.
These data suggest that 33 clustering is required and Fc receptor
plays no role.

Binding of ADAMTS-18 to platelets

Formal proof of ADAMTS-18 or anti-GPIIIa49-66 Ab reactivity
against GPIIla was obtained using platelets of GPIIla~/~ knockout
mice. Neither ADAMTS-18 nor anti—-GPI1Ia49-66 Ab fragmented
GPIIla~/~ platelets (n = 2, data not shown). Further proof of
binding to platelets was obtained with 3S-ADAMTS-18 binding
studies. Figure 1C demonstrates saturation binding of ADAMTS-
18, inhibited by the 18-mer peptide. No binding was noted with a
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Figure 1. Effect of rADAMTS-18 on oxidative platelet fragmentation and binding to platelets. (A) Fragmentation with 18-mer peptide. Gel-filtered platelets were treated
with biotin-peptide (bp) as well as bp + streptavidin (str) and scrambled biotinylated ADAMTS-18 peptide (scp) to induce integrin clustering (n = 6). Platelet fragmentation was
assessed by fluorescence-activated cell sorting (FACS) as described in “Methods.” (B) Platelet oxidation. CT (control IgG), Ab (patient IgG). Eighteen-mer biotin-peptide was
incubated with an antibiotin Ab, 1:200 dilution (@) or irrelevant IgG (CJ; n = 6). Oxidation was assessed as discussed in “Methods.” (C) ADAMTS-18 or control protein was
synthesized by ribosomal translation, using 35S-methionine. 3S-ADAMTS-18 (131 mCi/mg) was added to gel-filtered platelets overnight at 4°C, using doubling concentrations.
Ctl refers to 35S-ribosomal translation of luciferase. AD-CTD refers to 35S-ribosomal translation of ADAMTS-18 with absent C-terminal 157 amino acids (13% deleted). Note
absence of binding with C-terminal—deficient ADAMTS-18. Eighteen-mer refers to 10 wM nonradioactive 18-mer peptide added with the 35S-ADAMTS-18 incubation. Note
inhibition of binding with C-terminal 18-mer peptide. Error bars indicate SEM.

control ¥S-luciferase protein or with a C-terminal truncated
35S-ADAMTS-18. Similar results were obtained with an
ADAMTS-18 385-AA fragment.

and release a fragment of the C-terminal region containing the 18-mer
peptide. 3S-methionine-labeled ADAMTS-18 was synthesized with an
in vitro translation system (using the expression vector pBudce 4.1

ADAMTS-18). This revealed 2 dominant bands of 135 and 75 kDa as
well as other faint bands. The 135-kDa radioactive band represents
intact ADAMTS-18, since the empty vector did not transcribe the
135-kDa band but did have a nonspecific 75-kDa band. Figure 2A

Thrombin cleaves full-length ADAMTS-18

Since thrombin is generated during the formation of platelet thrombus
formation, we examined whether thrombin could cleave ADAMTS-18
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Figure 2. Thrombin cleaves ADAMTS-18. (A) (Left panel) S35-methionine labeled ADAMTS-18 was incubated with different concentrations of thrombin with and without
hirudin, at room temperature for 1 hour and resolved with SDS-PAGE. The sample loading lanes are (1) S®-ADAMTS-18 control (5 units/mL hirudin alone);
(2) S®>-ADAMTS-18 + 5 units/mL thrombin + hirudin; (3) S3-ADAMTS-18 + 5 units/mL thrombin; (4) S35-ADAMTS-18 + 2.5 units/mL thrombin + hirudin; (5) S3>-ADAMTS-
18 + 2.5 units/mL thrombin. Arrows point to thrombin cleaved bands. (Right panel) Immunoprecipitation with anti-Myc Ab following thrombin cleavage, demonstrating
C-terminal 45-kDa fragment. (B) Graphic of truncated ADAMTS-18 constructs. The GPllla49-66 binding site is depicted. Three C-terminal recombinant peptide fragments were
tested for their ability to induce platelet fragmentation and oxidation. These included the larger fragment of 385 amino acids (AAs) from the C-terminal end, an intermediate
fragment of 188 AAs, and a smaller fragment of 66 AAs. (C) Effect of truncation on platelet fragmentation. Ctls refer to buffer and control IgG. Pt is patient IgG. Dilutions of the
3 fragments: recombinant peptides were made at neat (n), 1:2, and 1:4 in buffer. The initial concentration of the large 385-AA fragment was 1.3 M, whereas the initial
concentrations of the 188-AA and 66-AA peptides were 19 and 85 M, respectively (n = 6). (D) Fragmentation induced by 385-AA fragment is inhibited by DPI (nM) and
catalase (units/mL). Ctl refers to control buffer; 385-AA fragment refers to 1.3 uM 385-AA fragment. DPI 180, 140, 120, and 10 refer to nM DPI + 385-AA fragment. CAT 4000,
1000, and 500 refer to catalase units + 385-AA fragment. (E) Oxidation induced by 385-AA fragment inhibited by DPI and catalase. The designation is the same as that used as
in panel D. (C-E) Where shown, error bars indicate SEM.
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demonstrates that after incubation with thrombin at room temperature
for one hour, significant amounts of an ADAMTS-18 fragment was
observed with ~MW at 85 kDa and 45 kDa. The cleavage activity can
be inhibited by hirudin indicating specific digestion by thrombin.
Further immunoprecipitation studies with an Ab against the C-terminal
myc tag on 3S-ADAMTS-18 revealed a 45-kDa fragment. Thus
thrombin can cleave ADAMTS-18 to produce a C-terminal 45-kDa
active fragment.

Effect of truncated rADAMTS-18 on platelet fragmentation

We reasoned that a C-terminal fragment of ADAMTS-18 might be
the operational end for platelet oxidative fragmentation because
ADAMTS-18 binds to GPIIIa49-66 by its 18-mer moiety located in
the C-terminal region, ADAMTS-18 oxidative activity can be
inhibited by an scFv Ab directed against the 18-mer, and thrombin
cleavage could expose a C-terminal functional fragment. Accord-
ingly, 3 truncated fragments within the C-terminal 4 TSR motifs
were cloned in an E coli expression vector pPGEX-4T-2 (Figures 2B
and S4). Figure 2C demonstrates that the rADAMTS-385 amino
acid (AA) fragment (837-1221) encompassing the 4 TSR motifs
(containing the GPIlla binding site) fragmented platelets at various
dilutions, starting at n(neat) = 1.3 uM. The rADAMTS-188—
amino acid structure (1034-1221) was considerably less potent
with no platelet fragmentation at 1.3 wM and partial activity at
n = 19 uM. The small rADAMTS-66—amino acid structure (1156-
1221) not containing the GPIIla binding site was inactive at
n = 85 uM. Both fragmentation and oxidation induced by the
385-AA fragment were inhibited by DPI and catalase (Figure
2D,E), as previously reported for anti—-GPII1a49-66 Ab.3>* Similar
results were obtained with apocynin for fragmentation and oxida-
tion with an ~IC50 of 30 uM, n = 3.

Proof of ADAMTS-18 induced platelet fragmentation was
further obtained by measurement of LDH release into the superna-
tant at 0 to 240 minutes. LDH at O time was 10 = 1 units/L, which
increased 83-fold at 60 minutes and 241- and 260-fold at 120 and
240 minutes, respectively. Similar results were obtained with
anti-GPII1a49-66 Ab, confirming our previous report.*

HUVECSs contain ADAMTS-18

We next considered the possibility that endothelial cells could be a
source of secreted ADAMTS-18, since ADAMTS-18 has been
reported to be present in endothelial cells.”! We therefore per-
formed reverse-transcription (RT)-PCR on HUVECsS, which con-
firmed the presence of ADAMTS-18 mRNA (Figure S5). We also
performed immunocytochemistry in human tissues and found
ADAMTS-18 to be present on endothelium of arterial blood
vessels as well as umbilical veins (Figure 3).

Protease activation of HUVEC ADAMTS-18

Since all the ADAMTSs are secretory proteins with an N-terminal signal
sequence, we assumed that it would be present in HUVEC conditioned
media. Concentrated conditioned media from HUVECs contained
limited to no oxidative platelet fragmentation activity. Since thrombin is
generated during the formation of platelet thrombus formation and
thrombin can generate a C-terminal 45-kDa fragment, we next exam-
ined whether thrombin could induce the oxidative platelet fragmentation
function of C-terminal endothelial cell ADAMTS-18. Figure 4A demon-
strates a time course for thrombin-induced activation of oxidatively
inactive ADAMTS-18 in concentrated HUVEC conditioned media,

ADAMTS-18 FRAGMENT DISSOLVES PLATELET THROMBI 6055

Figure 3. Inmunohistochemistry of arteries and veins for ADAMTS-18. (A,B) Um-
bilical artery and vein, respectively. (C,E,G) Pulmonary vein and (D,F,H) artery,
obtained from 3 different patient archival pathology specimens. [ depict positively
stained endothelial cells for ADAMTS-18.

indicating constitutive secretion of inactive ADAMTS-18. Thrombin-
treated conditioned media were neutralized with hirudin at various time
points and then used for platelet fragmentation studies at 4 hours.
Initially, 50% functional activity was noted at approximately 15 minutes
with full activity at 60 minutes. Similar results were obtained with brain
microvascular endothelial cells (BMECs; Figure S6). Figure 4B demon-
strates parallel platelet fragmentation of oxidatively active HUVEC
media compared with anti-GPII1a49-66 Ab.

Effect of endothelial cell activation on ADAMTS-18 secretion
and activation from HUVECs

Limited to no ADAMTS-18 was present in unconcentrated HUVEC
media, as assayed immunologically (enzyme-linked immunosor-
bent assay [ELISA] capable of detecting 10 ng). We therefore
examined whether thrombin could enhance the secretion and
oxidative platelet activation function of ADAMTS-18 from
HUVECs. We reasoned that activation of HUVECs with endothe-
lial cell activators, thrombin, or TNFa might enhance ADAMTS-18
secretion. Figure 4C demonstrates that thrombin (0.5 units/mL)
incubated with HUVECs for 15 to 30 minutes (followed by
washing to remove thrombin) followed by an additional 2- to
4-hour incubation enhanced ADAMTS-18 secretion. This was
more than 90% inhibited by brefeldin A, a Golgi transport inhibitor
that inhibits cell secretion. Similar results were obtained with
10 ng/mL TNFa (Figure S7). Thrombin also functionally acti-
vated HUVEC ADAMTS-18 to induce platelet fragmentation
(Figure 4D).

Thrombin-induced in vivo generation of platelet-reactive
ADAMTS-18

Mice have no immunologically detectable ADAMTS-18 in their
plasma. However, in vivo stimulation of mice with intravenous
thrombin at 4 to 16 units/mL led to ADAMTS-18 detection in the
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Figure 4. Thrombin activation and secretion of ADAMTS-18 in vitro and in vivo. (A) Kinetics of thrombin activation of concentrated HUVEC-conditioned media. HUVEC-
conditioned media were treated with thrombin (0.5 units/mL) for various time intervals, followed by neutralization with hirudin. Aliquots were then used to induce platelet
fragmentation. Incubation of thrombin and hirudin for 240 minutes prior to incubation had no effect on fragmentation (n = 3). (B) Comparison of anti-GPllla49-66 Ab with
thrombin-activated HUVEC ADAMTS-18. Thrombin-treated media were neutralized with hirudin prior to incubation with gel-filtered platelets. Hirudin alone had no effect. Note
similar kinetic response. (C) In vitro secretion and activation. HUVECs were treated with 0.5 units/mL thrombin for 15 to 30 minutes followed by washing and further incubation
for 2 and 4 hours. The supernatant was assayed for ADAMTS-18 by ELISA. (D) Supernatant assay for platelet fragmentation (n = 3-4). (E,F) In vivo secretion and activation.
(E) Mice were injected intravenously with various concentrations of thrombin in 100-uL volume and their plasma tested at 1 hour for ADAMTS-18 by ELISA. (F) Plasma from
thrombin-stimulated mice was incubated with gel-filtered platelets and platelet fragmentation monitored as described in “Methods.” T-Plasma (plasma from thrombin-stimulated
animals at various thrombin concentrations); T-Plasma + Hir (treatment with hirudin to neutralize any residual thrombin); + ADIgG (+ anti-ADAMTS IgG Ab) for 15-minute
preincubation prior to platelet incubation with T-Plasma + hirudin; + Ctl IgG (control IgG for + ADIgG). (G) Inhibition of HUVEC-ADAMTS-18 induced platelet fragmentation
with antiFADAMTS-18 Ab or 18-mer peptide. (i) Anti-GPIlla49-66 Ab was added to gel-filtered platelets in the presence and absence of the 18-mer peptide.
(if) HUVEC-ADAMTS-18 was incubated with control or anti-ADAMTS Ab or 18-mer peptide for 60 minutes at 37°C, prior to incubation with gel-filtered platelets for 4 hours at
37°C (n = 3). (i) Positive control with Buff (buffer), CtigG (control IgG), PtigG (patient IgG), 18m (18-mer peptide), or irrel (irrelevant peptide). (ii) AD (HUVEC conditioned
media), CtlgG (control IgG), + ADAD (+anti~ADAMTS-18 Ab), 18m, or irrel (n = 6). Where shown, error bars indicate SEM.

plasma, assayed 1 hour after thrombin injection (Figure 4E), which
oxidatively fragmented platelets and was inhibited by anti-
ADAMTS Ab (Figure 4F). These data indicate in vivo activation of
endothelial cells by thrombin promotes ADAMTS-18 secretion and
platelet oxidative fragmentation function.

Binding of HUVEC ADAMTS-18 to platelets is inhibited by
anti-ADAMTS-18 Ab as well as 18-mer C-terminal peptide

We confirmed the presence of secreted and activated HUVEC
ADAMTS-18 and its binding to platelets using an Ab raised against the
C-terminal 18-mer peptide as possible inhibitor. Both the Ab as well as
the 18-mer peptide inhibited HUVEC ADAMTS-18-induced fragmen-
tation by approximately 70% at optimum concentration (Figure 4Gii).
A second rabbit Ab against the N-terminal domain of ADAMTS-18 was
inactive (data not shown). The 18-mer ADAMTS-18 peptide also
inhibits anti-GPIIIa49-66—induced platelet fragmentation, which would
be predicted if HUVEC ADAMTS-18 and the Ab bind to GPIIla49-66
(Figure 4Gi). These data support the binding of the 18-mer as well as
HUVEC ADAMTS-18 to platelet GPIlIa49-66, suggesting that the
C-terminal portion of ADAMTS-18 may contain its functional properties.

Recombinant ADAMTS-18 385-AA fragment destroys platelet
aggregates

In considering a possible mechanism for C-terminal ADAMTS-18—
induced platelet oxidative fragmentation, we hypothesized that this
could represent a physiologic clearing agent for the dissolution of
platelet thrombi on activated endothelium. To test these hypotheses, we
prepared collagen as well as ADP-induced platelet aggregates in the

presence of fibrinogen and obtained platelet-fibrinogen aggregates of
approximately 30 and approximately 10 platelets/aggregates, respec-
tively. Figure SA demonstrates that both anti-GPIIIa49-66 Ab and the
ADAMTS-18 385-AA fragment disaggregate collagen-induced platelet
clumps to the same extent, with nadir at 2 hours, whereas the scrambled
ADAMTS-18 385-AA or the 66-AA fragment did not. Similar results
were obtained with ADP aggregates with nadir at 4 to 8 hours. To
determine whether decreased aggregate size was a function of disaggre-
gation or platelet destruction or both, we assayed LDH release into the
media. As could be predicted from previous experiments,* which
described Ab-induced oxidative platelet fragmentation in vitro with
LDH release, similar results were obtained with ADAMTS-18 measure-
ments of LDH release as an indicator of platelet lysis. With collagen-
induced platelet aggregates, LDH release increased approximately
15-fold at 1 hour (n = 2) above background. Figure 5B demonstrates a
photomicrograph of these events. Thus, the ADAMTS-18 385-AA
fragment induces platelet aggregate destruction.

Recombinant ADAMTS-18 385-AA fragment reacts more
strongly with TFLLRN-activated platelets

Since activated platelets have more GPIIb-Illa reactive receptors
on their surface, we reasoned that the 385-AA fragment might react
more avidly with platelets pretreated with the thrombin receptor
against TFLLRN. Figure 5C demonstrates this to be the case, with
TFLLRN-activated platelets particularly at low 385-AA concentra-
tion (~ 2-fold greater sensitivity). Similar results were obtained
with thrombin as well as anti—-GPII1a49-66 Ab (data not shown).
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Figure 5. Effect of polyclonal anti-GPIlla49-66 or rADAMTS-18 385-AA A
fragment (AD-18F) on disaggregation and destruction of ex vivo
platelet aggregates and anti-ADAMTS-18 Ab on in vivo bleeding
time. (A) Collagen platelet aggregate. Ctl (scrambled [sc] ADAMTS-18F
or 66-AA fragments), PtlgG (patient anti-GPllla49-66), media, and AD-
18F were incubated with aggregates for 0.5, 1, 2, 4, and 8 hours at 37°C.
The numbers of platelets/aggregate were then counted. Note that both
AD-18F and anti—-GPIlla49-66 have a similar kinetic effect, representative
of 3 experiments. (B) Photomicrograph of platelet collagen aggregates
before and after treatment with anti—-GPIlla49-66 or control (scAD-18F or
66-AA fragment). (C) Effect of prestimulated platelet PAR-1 on induction of
platelet fragmentation with AD-18F. Gel-filtered platelets were treated with
the PAR-1 agonist TFLLRN (200 nM) for 30 minutes at 37°C and then
followed with various AD-18F concentrations (50-6 p.g/mL) for 4 hours.
and M are without and with TFLLRN (T) prestimulation, respectively.
Note increased sensitivity of activated platelets to AD-18F at low AD-18F
concentration. Error bars indicate SEM. (D) Effect of polyclonal anti—
ADAMTS-18 Ab on mouse bleeding time. BALB/C mice were injected
intravenously with 10 pg anti—ADAMTS-18 IgG (AD-IgG) or preimmune
1gG (PIS-IgG) and their bleeding time was monitored 60 minutes later
(n = 10).
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Anti-ADAMTS-18 Ab shortens the bleeding time

Since the ADAMTS-18 385-AA fragment appears to be a negative
regulator of platelet aggregate stability, we reasoned that an Ab
against ADAMTS-18 18-mer peptide would shorten the bleeding
time. Figure 5D demonstrates a dramatic 4.5-fold shortening of the
mouse tail vein bleeding time 60 minutes after intravenous
injection of 10 pg of rabbit anti—FADAMTS-18 IgG. Preimmune
IgG had no effect, (3.6 £0.65 vs 0.8 £ 0.04 minutes, respec-
tively), P = .002, n = 10. These data support the hypothesis that
C-terminal ADAMTS-18 is a negative regulator of platelet aggre-
gate stability.

Effect of ADAMTS-18 385-AA fragment on carotid artery platelet
thrombus formation

‘We next designed an in vivo experiment to more directly assess the
effect of ADAMTS-18 385-AA fragment on a classic arterial
platelet thrombus induced with FeCl;. Figure 6A demonstrates an
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approximately 3-fold prevention of carotid artery platelet thrombus
formation as measured by carotid artery blood flow. Figure 6B
depicts the SEM at 5 minute intervals. Differences are statistically
significant at 20 to 35 minutes, P less than .05, Student 7 test.

Effect of ADAMTS-18 385-AA fragment on postischemic
cerebral stroke

We next examined an experimental cerebral stroke model induced
by ischemia of the middle cerebral artery. Table 1 demonstrates
approximately 50% protection of infarction and functional neuro-
logic damage by ADAMTS-18 385—amino acid fragment. Protec-
tion was obtained if ADAMTS-18 fragment (or Ab) was given
2 hours before or 2 hours after 90-minute obstruction followed by
release of the middle cerebral artery. No bleeding was observed.
Platelet counts remained within 90% of normal range at 4 hours
following ADAMTS-18 385-AA fragment versus control injection
(1.0 X 106 vs 0.9 X 10° uL, respectively, n = 4). ADP, collagen,

Figure 6. Effect of ADAMTS-18 385-AA fragment on inhibi-
tion of FeCls-induced carotid artery platelet thrombus forma-
tion. Swiss-Webster mice were injected intravenously with 35 g

180+ active ADAMTS-18 385-AA fragment or inactive scrambled (sc)
™[ MINUTESPOSTFeCLPATCH | 160-| AD-18F or 66-AA fragment. The right carotid artery was exposed
b T o ::g- ?Qd an FeClj filter paper patch applied 2 hours.aﬂer intravenous
Doppler ::: N /"QC s 100_ injection. Blood flow (mL/min) was measured with a Doppler flow
Flow 4 \\ 3 so0. meter. (A) Mean continuous flow was measured in 6 control
fg CONTROL g 60 = Ct (inactive 66-AA fragment), 2 control scAD-18F, and 6 experimen-
2 i 40 * SA tal (active AD-18F) mice over a period of 38 to 43 minutes.

—&— AD-18 . . . .
TS (e 5 o s e it B S S 22' i B (B) Same experiment with SEM given every 5 minutes as well as
Kl 05 10 15 20 25 30 35 a single saline control experiment. *Statistically significant differ-

inutes

Minutes

ences (P < .05) by Student ttest (n = 5-6).
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Table 1. ADAMTS-18 385-AA fragment given 2 hours before or after obstruction of right middle cerebral artery and examined 8 days after

removal of obstruction

No. % Infarct Postural reflex* Rotor rodt Transverse beamt
385AA 13 239 *+4.0 1.02 = 0.17 4.62 + 0.58 5.97 = 0.48
66AA" 8 438 +7.3 2.87 = 0.13 3.23 = 0.45 3.87 = 0.90
Saline 14 43.0 = 4.8 2.31 £0.25 3.19 = 0.34 4.52 + 0.46
P§ < .001 < .002 < .04 <.01

*Higher number reflects greater neurologic damage.
tLower number reflects greater neurologic damage.

§Student ttest comparison of intravenous injections of saline vehicle versus 35 ng ADAMTS-18 385-AA fragment versus functionally inactive ADAMTS-18 66-AA fragment
(control). Since differences were not noted between pre— and post-ADAMTS-18 385-AA fragment infusion, both groups were averaged.

or TFLLRN-induced platelet aggregation in vitro was unaffected.
These data indicate that ADAMTS-18 can regulate ischemic
cerebral stroke without bleeding.

Discussion

These data demonstrate that the C-terminal fragment of a natural
endothelial cell-secreted product, ADAMTS-18, can induce oxida-
tive platelet fragmentation and platelet aggregate/thrombus dissolu-
tion after thrombin cleavage. Our data support a possible physi-
ologic role for ADAMTS-18 in hemostasis. We propose the
following hypothesis. Thrombin induces platelet thrombus forma-
tion and endothelial cell activation. Platelet thrombus formation is
a dynamic process in which platelets are deposited and released
from the endothelial surface depending upon an equilibrium
between endothelial injury and thrombus dissolution (regulation).
Thrombin-induced endothelial cell activation stimulates the secre-
tion of HUVEC ADAMTS-18 that binds to platelet GPIIIa49-66.
Thrombin cleaves ADAMTS-18 to produce the active 45-kDa
C-terminal fragment that clusters 33. Clustering could be due to
interchain disulfide bridging, since this fragment is enriched with
cysteine. Clustering induces 12(S)-HETE production that regulates
thrombus size by inducing oxidative fragmentation. Neutralization
of thrombin by natural inhibitors halts thrombin-induced
ADAMTS-18 release, preventing further platelet destruction. The
degree of thrombus/platelet destruction is dependent upon the local
platelet-endothelial concentration of ADAMTS-18 as well as the
half-life of 12(S)-HETE and the C-terminal ADAMTS-18 in vivo.
It is unlikely that the local ADAMTS-18 secreted by HUVECs
would have any appreciable effect on circulating platelets or their
function, since a 60-fold higher concentration used for mouse
clinical studies had no effect on platelet count. It is likely that
ADAMTS-18 has a greater effect on thrombin-activated platelets
in vivo (within the platelet thrombus) than unactivated platelets in
the circulation.

Our data also support the clinical use of ADAMTS-18 385-AA
fragment. The 385-AA fragment can prevent the induction of
experimental carotid artery thrombosis induced by FeCl; damage.
Doppler flow experiments clearly demonstrated a 3-fold protection
of flow in this vessel as well as reversal of the partially occluded
vessel. Recent unpublished studies (Y.-S.L., W.Z., and S.K., 2008)
revealed the ability of an anti-GPII1a49-66 scFv MoAb to reverse
FeCl;-induced occlusion of the artery 2 hours after cessation of
blood flow. Similar protection was noted in a postischemic middle
cerebral artery stroke model in which ADAMTS-18 385-AA
fragment significantly prevented and protected against infarction
and neurologic damage by approximately 50%.

This report focuses on the C-terminal thrombin-cleavable
domain of ADAMTS-18 that oxidatively fragments platelets and
their thrombi. The N-terminal protease function remains to be
established. Despite the similarity shared by ADAMTS family
members, most differences among them are found in the C-terminal
domains of the protein, suggesting that the C-terminal domains of
ADAMTS may determine their in vivo location and substrate
specificity.?>3*3 In addition, an important function of many
ADAMTS:s is their ability to bind to extracellular matrix presum-
ably through thrombospondin (TSR) repeats in the C-terminal end
of the protein.3*3 Of interest is a report that a sequence of
ADAMTS-1 (CSVTCG) in TSR repeats can interact with CD36 on
the surface of endothelial cells.’®37 It has been suggested that
C-terminal processing regulates the activity of ADAMTS follow-
ing autocatalytic release.?®3® Indeed, previous reports have shown
that the TSR repeats of ADAMTS-4 determine the specificity of its
substrate, GAG aggrecan.’ It is therefore conceivable that a better
understanding of the function of the C-terminal TSR repeats of
ADAMTS will shed light on the biologic function of these
important proteins.

Some ADAMTS proteins including ADAMTS-18 are “orphan”
ADAMTSs with no known function. Here we report an
ADAMTS-18 protein with a function, which can operate in the
absence of its metalloproteinase domain, but rather through a
C-terminal 18-mer fragment binding site. Various recombinant
truncated constructs of TADAMTS-18 were synthesized at its
C-terminal region. One such C-terminal fragment containing 385
amino acids (AAs) and 4 TSR motifs was capable of inducing the
same platelet oxidative-fragmentation reaction, as substantiated by
its inhibition with catalase and DPI.

Thrombin is a master regulator of many proteins (factor XIII,
factor XI, factor VIII, factor V, protein C, and fibrinogen) as well as
its receptor (PAR-1) in which proteolytic cleavage is required to
activate the factor or induce its function. Our studies provide a new
proteolytic cleavage function for thrombin, in which a cleaved
peptide becomes activated, rather than a larger protein. It is of
interest in this regard that ADAMTS-13 has recently been shown to
be inactivated by thrombin, contributing to the loss of ADAMTS-13
VWF cleavage function.®° It is also of interest that ADAMTS-13
has been reported to limit platelet thrombus formation in a shear
rate—dependent platelet thrombus model on collagen, by its cleav-
age of ultralarge VWE4!

There is a precedent for functionally active peptides induced by
enzymes (protein-peptide-enzyme), prothrombin-prothrombin krin-
gle 2-factor-Xa,*? antithrombin-antithrombin fragment-thrombin,
elastase,” plasminogen-angiostatin-MMP-2,% collagen 1Va3-
tumastatin-MMP-9,% collagen VIII-endostatin-elastin,* fibrinogen-
alphastatin-plasminogen,*’ fibrinogen-fibrin fragment E-MMP-9,48
histidine-rich glycoprotein-histidine-rich fragment,* and high-
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molecular-weight kininogen-bradykinin-kallikrein.®® These pep-
tides induce important physiologic functions regulating angiogen-
esis,*?*8 chemotaxis,* apoptosis,* immune complex formation,*
fibrinogenesis,*® vasodilation, and blood pressure.!

Because ADAMTS-18 mRNA is present in endothelial cells and
ADAMTS-18 has a secretory signal peptide, we hypothesized that
endothelial cells might be producing this protein to regulate platelet
aggregate formation and that it might be detectable in the plasma
following in vivo endothelial cell activation with thrombin-treated
mice. This proved to be the case with HUVECs or BMECs in
culture as well as thrombin-stimulated mice in vivo. We therefore
performed experiments to validate this hypothesis. rADAMTS-18
(385 AAs) was capable of (1) dissolving platelet aggregates
produced ex vivo with fibrinogen and collagen or ADP; (2) regulat-
ing the in vivo bleeding time; (3) protecting against FeCl3-induced
carotid artery thrombus formation; and (4) protecting against
postischemic cerebral infarction. These confirmatory experiments
support a possible physiologic and/or therapeutic role for
ADAMTS-18 in hemostasis.

Thus we have discovered a natural ligand, ADAMTS-18, that
binds to platelet integrin GPII1a49-66 by its 18-mer C-terminal end
and induces oxidative-platelet fragmentation and platelet thrombus
destruction, following thrombin cleavage.
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