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Injuries to the vessel wall and subse-
guent exposure of collagen from the sub-
endothelial matrix result in thrombus for-
mation. In physiological conditions, the
platelet plug limits blood loss. However,
in pathologic conditions, such as rupture
of atherosclerotic plaques, platelet—colla-
gen interactions are associated with car-
diovascular and cerebral vascular dis-
eases. Platelet glycoprotein VI (GPVI)
plays a crucial role in collagen-induced
activation and aggregation of platelets,
and people who are deficient in GPVI
suffer from bleeding disorders. Based on
the fact that GPVI is coupled to the Fc

receptor (FcR)- v chain and thus should
share homology with the FcR chains, the
genes encoding human and mouse GPVI
were identified. They belong to the immu-
noglobulin (Ig) superfamily and share 64%
homology at the protein level. Functional
evidence demonstrating the identity of
the recombinant protein with GPVI was
shown by binding to its natural ligand
collagen; binding to convulxin (Cvx), a
GPVI-specific ligand from snake venom;
binding of anti-GPVI IgG isolated from a
patient; and association to the FcR-
chain. The study also demonstrated that
the soluble protein blocks Cvx and colla-

gen-induced platelet aggregation and
that GPVI expression is restricted to
megakaryocytes and platelets. Finally, hu-
man GPVI was mapped to chromosome
19, long arm, region 1, band 3 (19q13),
in the same region as multiple members
of the Ig superfamily. This work offers
the opportunity to explore the involve-
ment of GPVI in thrombotic disease,
to develop alternative antithrombotic
compounds, and to characterize the
mechanism involved in GPVI genetic
deficiencies. (Blood. 2000;96:1798-1807)

© 2000 by The American Society of Hematology

Introduction

15The/poog/reu-suonealigndyse/:dpy woly papeojumoq

Glycoprotein VI (GPVI) is a 58-kd (62 kd after reduction) plateletndirect mechanism involves the collagen-bound von Willebrandg
membrane glycoprotein that plays a crucial role in the collagefactor, which interacts with its receptor, the GPIb/IX/V complex, g
induced activation and aggregation of platelét&Jpon injury to resulting in platelet adhesion to the vessel wall at a high shear raté.
the vessel wall and subsequent damage to the endothelial linifige platelets are subsequently fully arrested by direct interactio§
exposure of the subendothelial matrix to the blood flow results retween collagen and integria21 (GPla/lia and very late o
deposition of platelets. Collagen fibers are the most thrombogeiaictivation antigen [VLA]-2). Strengthening of platelet attachment3
macromolecular components of the extracellular matrix, witts followed by an activation step that involves at least one othe
collagen types I, lll, and VI being the major forms found in bloolatelet collagen receptor. Several lines of evidence indicate th@
vessels. Platelet interaction with collagen occurs as a 2-stgpVIis a major mediator in this event. Patients deficient in plateleg
procedure: (1) the initial adhesion to collagen is followed by (2) a@PVI suffer from mild hemorrhagic diathesiéand their platelets 3
activation step leading to platelet secretion, recruitment of addail to aggregate in response to collagen. One patient developezj
tional platelets, and aggregatidf.in physiologic conditions the antibodies to GPV%. Anti-GPVI immunoglobulin G (IgG) and g
resulting platelet plug is the initial hemostatic event limiting bloodF(ab)-, fragments derived from this patient activate platelets whileZ
loss. However, platelet—collagen interactions may also have majponovalent Fab fragments block platelet aggregation induced b§7
pathologic consequences. Exposure of collagen after rupturecoflagen and 1gG. GPVI-deficient platelets show defects in thes
atherosclerotic plaques is a major stimulus of thrombus formatieecond phase of adhesion, ie, the recruitment phase main§/
associated with myocardial infarction or stroke. attributable to platelet-platelet aggregation. It is therefore believeg
The mechanism of collagen—platelet interactions is complex.that GPVI has a minor part in the first step of adhesion and that itS
involves direct or indirect binding of collagen to several plateldtey role is in the second step of collagen—platelet interaction,
receptors including the GPIb-IX-V complex, integr2B1, GPIV, which results in full platelet activation and consequently the
GPVI, and 65- and 85-kd proteifisThese receptors are sequenformation of platelet aggregatés.
tially enrolled in both adhesion and activation steps. A major Collagen, collagen-related peptides (CRPs), and a snake venom
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protein, convulxin (Cvx), activate platelets similar to anti-GPVétreptomycin, and 2 mmol/L glutamine; 1.5% deionized bovine serum
Fabi-2 fragments via GPVI-coupled signaling pathwayProtein- albumin (BSA) (Cohn fraction V); 300 mg/mL iron-saturated human
tyrosine phosphorylation is a key signaling event in this pathwa§j@nsferrin; and a mixture of 2@ug/mL sonicated lipids prepared as
GPVI is constitutively associated with the Fc receptotFcR-y) previously reported? The medium was supplemented with a combination
chain, which is essential for activation of platelets by collaten of pegylated recombinant human megakaryocyte growth and development

After cross-linking of GPVI by anti-GPVI F(ab), fragments or factor (PEG-rHUMGDF) (Amgen, Thousand Oaks, CA) and recombinant

R . human stem cell factor (rhSCF) (Amgen). After 10 days of culture, the
platelet activation by collagen, CRP, or Cvx, the FgRhain is  eqakaryocytes were purified by the same technique as the GR84 by

phosphorylated on tyrosine residués; presumably within the ysing an anti-CD61 mAb (Y2/51; gift from D. Mason, Oxford, England).
immunoreceptor tyrosine-based activation motif (ITAM). Activapurity was more than 90%, as attested by labeling with a PE—anti-CD41a
tion through GPVI results in the binding of Syk to the FgRRhain, mAb (Pharmingen, San Diego, CA).

which leads to Syk activation and tyrosine phosphorylation. This in Primary mouse megakaryocytes were obtained from day-15 fetal livers,
turn leads to activation of phospholipase C gamma-2 (Rl-2)25 cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco), 10%
GPVI-deficient platelets do not demonstrate activation of Syk Hgtal calf serum (FCS), and PEG-rHUMGDF for 4 days as previously
collagent® Implication of the Src family kinase p59 fyn and p53/5eiescribed cDNA libraries of both human and mouse megakaryocytes
lyn has also been demonstrated following GPVI stimulaﬂbn.were constructed using a previously described metAddandom EST

R tlv. it has b h that platelet stimulation b I sequences of these libraries were searched using Basic Local AIignmegt
ecently, | as_ - e?‘” shown _a platelet s Im_u a lon Dy collagen 8k, ch Tool (BLAST) algorithms to find novel membrane-bound proteins3
the GPVI-specific ligand Cvx involves association between phos- g

phatldyllnosnol 3—kinase (PI3-kinase), the adapter prpteln Imk%’hromosomal mapping

for activator of T cells (LAT) and FcRx1"18 These studies have

shown strong similarities between the GPVI signaling pathway ifhe mouse mapping primers used for polymerase chain reaction (PC
platelets and those used by receptors for immune COmp|e)g)€|g§,plification were forV\{ard primer '8SCTGTAGCTGTTTTCAGACA-
including the FcRY such as the high- and low-affinity receptors folCACC-3 and reverse primer’ CCATCACCTCTTTCTGGTTAC-3. Al
IgG, IgE, and IgA (Fey/RI, Fe+/RIIl, Fce/RI, and FcelRl, PCRs were performed with an annealing temperature of 52°C followed bg

tivelv?o Th ¢ . | via the FeRehai d 35 cycles of extension times at 72°C for 50 seconds, with a final extensio
respective yjz', ese receptors S|gn§ V'a, € . grehain ah of 5 minutes on an MJ Research Peltier PCT-225 Thermal Cycler. The T33
Syk. Expre§3|(.)n.of FcRs capable of signaling via the Frathain Mouse/Hamster Radiation Hybrid (Research Genetics, Huntsville, AL) wag
in platelets is limited to Fe&/RI.21

used as a mapping panel for mGP¥IPCRs were performed under the
Due to the strong similarity between GPVI and the multimeriecR conditions described above and with the mouse primers d
Fc receptors, mouse and human megakaryocyte libraries wetebed above.
examined for the presence of an FcR-like complementary DNA For human mapping, the primers were designed from th&lTR
(cDNA). A cDNA clone with these characteristics was identified iuntranslated region) of the sequence: forward primékGTCAAAGACT-
both murine and human megakaryocyte libraries. Our resuffSCGTGTGTG-3 and reverse primer S5TTCTGAGAGACGAAAG- &
demonstrate that these clones encode for GPVI. GAG-3'.The PCR amplification conditions were Fhe same as those us_ed_f(g
Recently, another group also reported the cloning of humﬁi'we mouse mapping. The prodpcts were _ampllfled from the G4 Radiatiox
GPVI22 Commensurate with their results. we show that GP alybr_ld F’e_anel (Research Genetics, Huntsville, AL), run on a 2% agarose geg
. o . nd individually scored as to the presence or absence of the human bandgn
belongs to the Ig superfamily. In addition, we have isolated t&,cp of the 93 cell line DNAs in addition to a negative water control. The®
murine homologue of GPVI and have shown that expression Rsits were analyzed with the MapManager software program.
both human and mouse GPVI is restricted to the megakaryocyte/
platelet lineage. We also present considerable functional evidenggiein preparation
including its association with the Fcirchain. Furthermore, we ) ) )
demonstrate that recombinant GPVI is capable of inhibiticéhe open-reading fran_”l_e of the predicted extracellular domain of T2_68£
platelet aggregation induced by both collagen and Cvx. Finally, PVl was PCR-amplified from the Kozak sequence before the firs§

e 2

. methionine to asparagine 269, immediately prior to the predicted transmeng
also show the chromosomal linkage of GPVI to a group of Ig parag yP P S
superfamily members.

rane sequence. The PCR fragment was ligated into a pCDM8 host vectgy
containing the genomic sequence of the human IgG1 Fc domain, such thgt
the extracellular part of the hGPVI cDNA was fused at its C-terminus via a§
3 alanine linker to the hFc sequence. The sequenced DNA construct was
M ial d hod transiently transfected into HEK 293T cells in 150-mm plates using
aterials and methods Lipofectamine (Gibco) according to the manufacturer’s protocol. After 72
Library construction hqurs of transfection, the serum-f_ree conditioned medium (Opt.iMEM,
Gibco) was harvested, spun, and filtered. The cells were refed with fresh
Human megakaryocytes were obtained from mobilized CD&ls. After medium and harvested as above for another 72 hours. Using an antihuman
receiving informed consent, aliquots of leukopheresis units were drawgG Fc polyclonal antibody, analysis of supernatants on Western blot after
from patients following mobilization by chemotherapy and granulocyteeducing sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-
colony-stimulating factor (G-CSF). After collection, low-density cells werd’ AGE) showed significant amounts of the recombinant human soluble
separated over a 1077 Ficoll-Metrizoate gradient (Lymphoprep; Nycom&PVI fusion (rhusGPVI:Fc) protein in the supernatants, with a relative
Pharma AS, Oslo, Norway). Mononuclear cells were separated usingnalecular mass of approximately 75-80 kd relative to the Mark 12
magnetic-activated cell sorting (MACS) system (mini-MACS; Miltenyimolecular weight standards cocktail (Novex, San Diego, CA).
Biotec GmbH; Bergisch Gladbach, Germany) in accordance with the The conditioned media was passed over a 10-mL Prosep-G protein G
manufacturer’s recommendations. The cells were passed twice throughe¢bkimn (Bioprocessing, Princeton, NJ). The column was then washed with
column. Purity, which was evaluated by flow cytometry after labeling witphosphate-buffered saline (PBS) (pH 7.4) and eluted with 200 mmol/L
a phycoerythrin (PE)—anti-CD34 monoclonal antibody (mAb) (HPCA-2Zlycine (pH 3.0) at 7 mL/min. Fractions from the 280-nm elution peak
clone 8G2; Becton Dickinson, Franklin Lakes, NJ), was about 90%. Thlentaining rhusGPVI:Fc were pooled and dialyzed in 8000 MWCO dialysis
CD34" cells were grown for 10 days in Iscove modified Dulbecco mediurtubing against 2 changes of 4 liters PBS (pH 7.4) at 4°C with constant
(IMDM, Gibco BRL, Grand Island, NY) containing the following (all from stirring. The buffered exchanged material (Q2) was then sterile filtered
Sigma Chemical, St Louis, MO): 250 U/mL penicillin, 25@g/mL  (Millipore, Bedford, MA) and frozen at-80°C.
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In situ hybridization CCTGAAGCTGACAGCATTCGG-3; and B, microglobulin antisense

In situ hvbridization (ISH ¢ d with dav-12.5 C57BL/B6 rimer, 3-CTCCTAGAGCTACCTGTGGAG-3 PCR was performed in a
n situ hybridization (ISH) was performed with day-12. mous 5-uL reaction mixture containing 0.3 Thermus aquaticu@adg) polymer-

embry_os apd normal 4- t_o 6-Weel_<—o|d C57BL/6 mouse femurs. The tis_s (ATGC, Noisy-le-Grand, France), 20mol/L dNTP (deoxynucleoside
were fixed in 10% formalin, pargffln embedded, and subsequg_ntly_sectlor%e_ riphosphate), 30 pmol oligonucleotide sense and 30 pmol antisense for
at 4 .m onto Superfrost plus slides. The femurs were decalcified in TBD-éPVI amplification, and 10 pmol oligonucleotide sense and 10 pmol

(Shandon, Pittsburgh, PA) prior to paraffin embedding. The sections WeGtisense foB, microglobulin amplification in ATGC buffer. The reaction

deparaffinized in xy]eng, hydrated through a series of graded ethalﬂ’ﬁkture was subjected to denaturation for 5 minutes at 95°C and then
washes, and placed in diethyl pyrocarbonate (DEPC)-treated PBS (pH 7alprIified by 35 cycles as follows: denaturation for 30 seconds at 94°C,

before being processed for ISH. The sections were incubated jgZolL annealing for 30 seconds at 60°C, and extension at 72°C for 1 minute, with

.protelnasde' K4§/S|fgma)|(|jn hDEP/géPSBfS f50r %5 minutes at 37°C and th%pfinal 7-minute extension at 72°C in a Thermocycler 2400 (Perkin Elmer,
|mmt;rse In 4% lormaideny de ith 002r mlgll.J]Ees. 0 mi foll g bCourtaboeuf, France). We electrophoresedl9PCR products on a 2%
The sections were treated with 0.2 N HCI for 10 minutes followe _ggarose gel. The fragments were visualized by illumination after ethidium

DEFC'PBS' The sec_tloni we&e.then rTSEd 'n_ 0.1 hmc:jl/!;jtrlethan?laml ‘omide staining. MassRuler DNA Ladder, Low Range (MBI Fermentas,
HCI (TEA, pH 8.0), incubated in 0.25% acetic anhydride—-TEA for 13%ré1herst, NY) was used as marker.

minutes, rinsed in DEPC-PBS, dehydrated through a series of gra
ethanol washes, and air dried. Labeling and hybridization of sulfur 3§pv/|-expressing cell lines
(3°S)-radio-labeled 2.% 107 cpm/mL cRNA antisense and sense RNA

probes encoding a 599-bp fragment of theefd of the GPVI gene Chinese hamster ovary (CHO) cells were transfected using Iipofectamin§
(generated with the PCR primers forward-GAGCCTCACCCACTT- (Gibco) according to manufacturer’s instructions. Full-length GPVI CDNA§
TCTTC-3, nucleotides [nt] 8-27, and reversé-6CACAAGCACTA- Wwas cloned into an expression vector driven by an SRalpha promotes
GAGGGTCA-3, nt 607-588) were performed as previously descrifed. Control CHO cells were transfected with the empty vector. The cells were
Following hybridization, the sections were dehydrated rapidly througkPllected 2 days after transfection and lysed in 12 mmol/L Tris (tris[hy-&
serial ethanol and 0.3 mol/L sodium acetate before being air dried, dippediipxymethyl] aminomethane), 300 mmol/L sodium chloride (NaCl), and 12§
a nuclear track emulsion (NTB-2; Eastman Kodak, Rochester, NY), afimol/L EDTA (ethylenediamine tetraacetic acid) containing.ol/L
exposed for 60 days at room temperature. The slides were developed WggPeptin, 2 mmol/L PMSF (phenylmethylsulfonyl fluoride), 5 KIU aproti-

moqQ
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FDC-P1, 32D, and Ba/F3 were engineéretb express GPVI using the
The HEL (erythroid/MK), U937 (monoblast), K562 (erythroid), CEM (T pMSCVpac retrovirug® Briefly, viruses carrying the full-length cDNA
cell), HEPG2, and Hela cell lines (American Type Culture CollectioRncoding human or murine GPVI were constructed using base-perfe
[ATCC], Manassas, VA) and the FDC-P1 and 32D cell lines (D. MetcalipCR-amplified fragments of the cDNAs (Clontech Laboratories, Palo Alto &
The Walter and Eliza Hall Institute, Melbourne, Australia) were used in thigA). Viral supernatants were generated into the 293-EBNA cells (Invitro-=
study. The UT7 (erythroid/MK) transduced by c-n#pITF1 (erythroid), gen, Carlsbad, CA) by transfecting the retroviral construct and 2 9N8-
KG1 (myeloblast), HL60 (myeloblast/promyelocyte), MO-7E (MK), Meg-Olvectors containing thgag/polgenes, which are derived from the murine
(MK), and DAMI (MK) were obtained from the different laboratories thatmoloney leukemia virus (MMLV), or the vesicular stomatitis virus enve-
derived then?®-3% lope glycoprotein G\(SV-Q gene (gift from J. Morgenstern, Millennium
The HEL, U937 HL60, Meg-01, KG1, and K562 human cell lines wer@harmaceuticals, Cambridge, MA). Concentrated viral supernatants weg@
cultured in IMDM with 10% FCS (Stem Cell Technology, Vancouverprepared by centrifugation at 4°C using an SW28 rotor at 50 000g (25 008
British Columbia, Canada). The c-mpl UT7, TF1, and MO-7E argpm) for 2 hours. The pellets were resuspended in 1.5 mL DMEM at 4°C forg
factor-dependent and were grown in the presence of either 2 ng/mi hours, shaken at 4°C for 24 hours, and frozen—-&0°C. For 3
granulocyte macrophage(GM)-CSF or 10 ng/mL PEG-rHUMGDF ifransduction, the cell lines were incubated with the viral supernatang
IMDM with 10% FCS. CEM and Hela were grown in Roswell Parkovernight in 24-well plates, 1& 10° cells per mL, and selected during 1 2
Memorial Institute medium (RPMI) (Gibco). FDC-P1, 32D, and Ba/F3veek using 4.g/mL puromycin (Sigma). Human and murine GPVI were =
murine cell lines were cultured in DMEM with 10% FCS (Stem Celkransduced in human and murine cell lines, respectively. Expression of the
Technology). The cultures were performed at 37°C in a fully humidifiegenes was verified using PCR analysis. The control cells were transduce
atmosphere of 5% carbon dioxide (§O with the empty virus.

D-19 (Eastman Kodak), stained with hematoxylin and eosin-Y, and addBtf, and 0.2% (vol/ivol) NP40 (Sigma). After 20 minutes at 4°C underg
to cover slips. agitation, the samples were centrifuged at 13¢0fa@ 15 minutes at 4°C, &
and the supernatants were frozen-&0°C for analysis. %

cell lines The human cell lines HEL, U937, and K562 and the murine cell linesg
El
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Samples Platelet preparation

Human megakaryocytes were obtained as described for the human libraRépd from healthy volunteers was collected by venipuncture on acid-citrate-
from mobilized or cord blood CD34 A fetal liver was obtained following dextrose anticoagulant (ACD-A). When needed, the platelets were labeled

abortion at 12-week gestation after obtaining informed consent. by incubating the platelet-rich plasma (PRP) with Qu@ol/L carbon 14
5-hydroxytryptamine ¥'C 5-HT) at 37°C for 30 minutes. The platelet
Northern blot/reverse transcriptase—PCR analysis pellets were obtained by centrifugation of PRP and were washed 2 times as

previously describe#?
Human multiple tissue Northern blots (Clontech, Palo Alto, CA) were

hybridized to a 1.0-kb human GPVI probe as described by the manufd&latelet aggregation and secretion

turer. Total RNA was isolated using RNA PLUS (Bioprobe Systems
g (Biop y éggregation of washed platelets ¥310°/mL) in reaction buffer was

form extraction method of Chomczynski et SacéhRNA was reverse initiat(_ed by collagen type | (Bio/Dqtg, Horsham, _PA) or Cvx. The

transcribed with random hexamers using SUPERSCRIPT reverse transcf henmeCts W|_e|re perforr;zd Vé'ﬂ: St'”"l)?rcat SZTC in-an aggreg()jometer

tase (RT) (Gibco BRL/Life Technologies, Cergy Pontoise, France). ( ro_r;)o-d g, . averton, ). Release 5 was measured as

For human cell lines and tissues, after reverse transcription, each sanﬁﬁgcr' ed previousHy

was subjected to a specific ampllflc':guon' of GPVI ghdmicroglobulin _ Cvx preparation

cDNA. The sequences of the specific primers were: GPVI sense primer,

5-TTCTGTCTTGGGCTGTGTCTG-3 GPVI antisense primer, '5 Cvx was purified from the venom &@rotalus durissus terrificumainly as

CCCGCCAGGATTATTAGGATC-3; B, microglobulin sense primer,’5 described by Francischetti et#lusing a 2-step gel filtration procedure of
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sephadex G75 (Pharmacia Biotech, Uppsala, Sweden) followed by sephashypwed striking homology to the inhibitory family of receptors.

S$100 (Pharmacia Biotech). Cvx was labeled with iodine 12§ Usingthe  The human homologue was identified from a human megakaryo-
iodogen procedure (Pierce Chemical, Rockford, IL) and*NatAmer-  cyte library by sequence homology. These clones encode proteins
sham, Les Ulis, France). Cvx was coupled to fluorescein isothiocyanafeamino acids 313 and 339, respectively, which are predicted to be

(FITC) by mixing Cvx in 50 mmol/L NaHCO3 and 150 mmol/L NaCl (pH . . . o
9.5) with a 100-fold molar excess of FITC (Aldrich, St Quentin Fallaviertype | membrane proteins belonging to the Ig superfamily. Align

0,
France) at 4°C overnight. FITC-coupled Cvx was separated from free FI'IEEent of the mouse and human T268 sequences shows 64.4%

by chromatography on a sephadex G25 column in 20 mmol/L IOhosphgtgnservation in amino acids between specie; (Figure 1A). Align-
and 150 mmol/L NaCl (pH 7.4) in PBS. Bothrojaracin, a specific thrombifi€nt of the mouse and human T268 nucleotide sequences shows

inhibitor purified from the venom oBothrops jararacaas previously 67.3 % identity (Figure 1B). The closest database matches for these

described?®was coupled to FITC using the same procedure. proteins are the natural killer (NK) inhibitory receptors, although it
is clear that there are no inhibitory or activation motifs present in
Flow cytometry the relatively short cytoplasmic domain. The extracellular domain

Cells transduced with human or murine GPVI viruses or the control virLf_sonta!ns 2 lg-like C2. domains and a Conser\/?d N-linked 9.|y003.y|5.1'
were incubated in the presence of 20 nmol/L FITC-Cvx or FITCtion site at asparagine 93. A second potential glycosylation site is
bothrojaracin for 60 minutes at room temperature. After dilution in PBS, ttso found at asparagine 244 in the mouse protein. It is interestin
cells were analyzed by a fluorescence-activated cell sorter (FACS) floe note the presence of a charged residue in the transmembrage
cytometer (FACSort; Becton Dickinson, Franklin Lakes, NJ). domain (R273in hT268 and R270 in mT268), which may act as ag
interaction site for association with other membrane proteins.

These characteristics of human GPVI are identical to thos
Platelets, megakaryocytes, and cell lines were lysed in a buffer composedetently reported by Clemetson efallThe mouse gene for GPVI
12 mmol/L Tris, 300 mmol/L NaCl, and 12 mmol/L EDTA containing 2
wmol/L leupeptin, 2 mmol/L PMSF, 5 KIU aprotinin, and 0.2% (vol/vol)
NP40. After 20 minutes at 4°C under agitation, the samples Were,, goyr uspspTALFC LGLC.LGRVP BQSGPLPKRS LQALPSSLVP LEKPVILRCQ 49
centrifuged at 13 O@fOI’ 15 minutes at 4°C, and the supernatants were ™ gpvI MSPASPTFFC IGLCVLOVIQ TQSGPLPKPS LQAQPSSLVP LGOSVILRCO 50
frozen at—80°C. The protein concentration was determined using a protein
assay (Bio-Rad Laboratories, Ivry-sur-Seine, France). For blotting experibu gpVI GPPGVDLYRL EKLSSSRYQD QAVLFIPAMK RSLAGRYRCS YQNGSLWSLE 99
ments, the proteins were further solubilized with 2% SDS at 100°C for 5™ SPVE GPPDVDLYRL BKLKPEXYED QDFLEIPIME RSNAGRYRCS YONGSHWSLE 100
minutes. The proteins were separated by electrophoresis on acrylamide slab

P . . . . hu gpVI SDQLELVATG VFAKPSLSAQ PGPAVSSGGD VTLQCQTRYG FDQFALYKEG 149

gels (Mini Protean Il, Bio-Rad) and transferred on a polyvinylidene fluoride ., govr  sporenTate vvakPSLSAH PSSAVPQGRD VILKCQSPYS FDEFVLYKEG 250
(PVDF) membrane. The membranes were soaked with 5% nonfat dry milk
and incubated with either 8 10® Bg/mL !2-Cvx in PBS (pH 7.4) hu gpVI DPAPYKNPER WYRASFPIIT VTAAHSGTYR CYSFSSRDPY LWSAPSDPLE 199
Containing 0.1% (VOI/VOI) Tween 20’ or with IQg/mL anti-GPVI |gG in mu gpVI DTGPYKRPEK WYRANFPIIT VTARHSGTYR CYSFSSSSPY LWSAPSDPLYV  2G0
PBS (pH 8) containing 0.02% (vol/vol) Tween 20 in the absence or presence
of 0.5 MmOI/L cold Cvx. Anti-GPVI |gG was obtained as previously hu gpVI LVVTGTSVTP SRLPTEPPSS VAEFSEATAE LTVSFTNKVF TTETSRSITT 249
deSCribe@frOm patient plasma (glﬁ Of PrOf M Okuma KyOtO Japan) mu gpVI LVVIGLSATP SQVPTEESFP VTESSRRPSI LP...TNKIS TTEKPMNITA 247

The antibodies were revealed using peroxidase-coupled protein A ang SPKESDSPAG. PARQYYTKEN LURICLGAVL LIILAGFLAE DUMSRRKRLE 299

. . . . u gpvI PKJ

enhanced chemiluminescence (Amersham Pharmacia Biotech, Uppsald, cpvi  spreLSPPIG FAHOHYAKGN LVRICLGATT ITTLLGLLAE DWHSRKKCLQ 297
Sweden). For immunoprecipitation, cell lysates were precleared by incuba-
tion with protein A-sepharose at 4°C for 30 minutes followed by centrifuga- 4, gyyr urerAvORPL PPLPPLEOTR KSHCGODGER QDVHSRGLCS® 339
tion. Cleared lysates were incubated overnight at 4°C withpg0mL mu gpVI HRMRALQRPL PPLPLAY 313
polyclonal anti-FcRy chain antibodies (Upstate Biotechnology, NY) B
followed by the addition of protein A/G-sepharose (Pharmacia Biotech) at e rrererceazeadeaacqadcersrrorsrarrogoerrrsAdramamea 0
room temperature for 2 hours. Immunoprecipitated proteins were eluted e msza. Jezsa rcacrereradagaere lgTEeT 5
with 2% SDS, subjected to SDS-PAGE, blotted onto PVDF membranesy smazereraarererssrarrrrreaacamadircngnediagesoroccsg i
and then probed using anti-GPVI and anti-F¢Rehain antibodies as 5o T T T T e a T age T e TS TATICC g RaCTaaaTTde MEET 107
described above. s e T TR TT Tt oA T T E T I T3 AT GaET e TG T AT Tegelg 20
hswr[c'rcc;xcc\g’rnccc TGCTC\_C,ﬁ[EJCAGAch,l\CTGGTC\_CJCT Cc g 297
B EEE T R N i N e SRR L
Collagen type | (3vg) (Chrono-Log), 1.41g Cvx, or 2ug BSA (Sigma) in - = & Er e i e e e on s Jeame o n e ndgm s g s s leoam e iy o
100 L PBS were immobilized on Immulon Il plates (Dynatech, St Cloud, & R8:§me i didas s mr At a st o e i rndd i raracareeiicad m
France) at 4°C overnight. The plates were then saturated with 2 mg/ml: & [ Ig RS sds C T g T o Aamedde T grTee T ccecoomarTTecg
BSA in PBS for 1 hour and washed with PBS. The cells in culture medium: & [S23circaggstas clfadedaercacdodanderrcraaTadracac s
were labeled with chromium 515'Cr) (CIS Bio International, Gif sur  rgu[fezccisdasgsadecrmrorrerooregerceadiadisceagraadag o
Yvette, France) at 37°C for 1 hour after centrifugation atd.56r 10 R N s e a SN L RS RO R e e
minutes. The cells were washed with Hank’s balanced salt solutiorn; &z Rdgrfedmdanamercrarncrdam: acceaccaaraar gaeacear e o
containing 2 mg/mL BSA and resuspended in the same buffer. The cellg s crzmeierrrcrrsararaemerrcioaaacTrerasgsaraTorcescg
were added to the wells. After 60 minutes at room temperature, the wellg s sz e sl s daz e ygacaercergersoedroaderadesgracTAcag
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Figure 1. Sequence alignment of human and mouse GPVI. (A) The predicted

Cloning of GPVI signal peptides and transmembrane domains are underlined. Potential N-linked

. . Iﬁl{ﬁcosylation sites are indicted in bold. The amino acid sequences of human and
Usmg CompUter'based searchlng of EST sequences from a mu fse GPVI share 64.4% identity. (B) The nucleotide sequences of human and

megakaryocyte library, we isolated a clone, named T268, thaduse GPVI cDNA share 67.3% identity.
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was mapped on radiation hybrid panels to chromosome 7, betwdegtal liver cells expressed a moderate level of expression compared
the flanking markers D7Mit152 and D7Mit178. The human gen® megakaryocyte-enriched samples.

was localized to the long arm of human chromosome 19 (19q), Mouse tissues were studied using Northern blot and ISH
11.1cR distal to genetic marker WI-5264 and 19.3cR proximal tnalysis. ISH reveals that GPVI was exclusively found in the liver
genetic marker WI-5423. This region is equivalent to 19913.32luring embryogenesis (Figure 3A,B). The signal pattern was strong
g13.33 (region 3, band 2 to band 3). This region contains tk@&d multifocal, suggestive of expression by a scattered cell
melanoma inhibitory activity gene and is part of the leukocytgopulation. This signal was observed at embryonic day 13.5, 14.5,
receptor complex (LRC) that contains various members of the #nd 16.5 and decreased in intensity at day 18.5 and in a 1.5-day-old
superfamily. The closest mapped genes to GPVI included thewborn (data not shown). In adults, the expression in liver was no
FcR-« and the leukocyte-associated Ig-like receptor 1 (LAIR1), @nger observed, but a strong multifocal signal was seen in spleen
killer cell inhibitory receptor located in 19q13.4. Interestingly, botand bone marrow. There was no signal observed in any other
of these molecules also function via CrOSS”nking with the ECR' tissues induding Samp|es of brain, eye, harderian g|and’ subman-
dibular gland, bladder, white fat, stomach, brown fat, heart, adrenal
gland, colon, small intestine, liver, placenta, thymus, lymph node,
To determine tissue distribution of both mouse and human GPWing, spinal cord, pancreas, skeletal muscle, and testes. Photoemyl-
Northern blot, RT-PCR, and ISH were performed. Human tissue®n processing of the spleen and bone marrow showed that th°§
were studied using Northern blot or RT-PCR analysis. Northeaxpression was restricted to megakaryocytes (Figure 3C). g
blots (Figure 2A) revealed no specific message in samples of brain,In conclusion, despite screening a large number of human ang
heart, skeletal muscle, colon, thymus, spleen, kidney, liver, smalbuse tissues, GPVI expression was detected only in megakaryg-
intestine, placenta, lung, or lymph node. A 2-kb transcript wasytes and platelets. This result strongly suggests that GPVI i§
observed only in bone marrow and fetal liver. A signal wagestricted to this hematopoietic lineage. 5
inconsistently observed with peripheral blood cells, probably due

to platelet RNA contamination in some samples. Indeed, transcrifffgntification of recombinant GPVI

for platelet GPIIb, a platelet specific protein, were also detected('tr{,X a very high-affinity specific ligand of GPVI, was used to 3
these _posmve samplesl (dgta n_ot shown). h ) detect the expression of recombinant GPVI. The CHO cellgz
Using RT-PCR analysis (Figure 2B), the GPVI transcript Watansfected with the empty vector or the vector containing humag

detected only in platelets, not the other blood cells. In cell Iines,.la268 CDNA were tested fol?3-Cvx binding in ligand blotting
strong PCR signal was observed in the HEL, MEGO01, DAMI i

. . experimentsi?3-Cvx clearly labeled a single band in CHO cells
TPO-stimulated MO7E, and mpl-transduced UT7 cell litfea. p y 9

very low signal was also detected in the K562 and KG1 cell lines oplly transfected with the vector containing human T268 cDNA
cell lines that also express GPlIb at a low level. But there was Igolgure 4), which strongly suggested that recombinant GPVI i

. . encoded by T268. The migration of the hypothetical recombinang
aﬁ;eizllgn (():bsz:rtvi(;llrs] t(ri]rem'I_'ulfjliDnGZ;n((:)lrEeMtTr{aLFélst;%r)rZé Haﬁg?’ Z‘QSPVI is slightly faster than that of platelet GPVI (approximately 54 =
: g 0 g Y (Iaf?gpvs approximately 58 kd) but very close to that of megakaryocytéd:

Tissue expression of GPVI

uoneolgndyse,

sjore/p

/4pd

1186

cytes) isolated from normal cord blood or chemotherapy-induc VI (approximately 55 kd). GPVI production by CHO cells was &

mobilized peripheral blood displayed a strong RT-PCR SIgna}:onfirmed by Western blot with human anti-GPVI antibodiesg

(Figure 4B). In platelets, a 58-kd band corresponding to GPVI an&
a high molecular weight band corresponding to platelet IngZa'
revealed by protein A were observed. Several proteins werg
nonspecifically labeled in CHO, but a clear 54-kd band was
observed exclusively in lysats from T268-transfected CHO. ProoE_
that Cvx and anti-GPVI bind to the same protein is provided by theﬁ
observation that Cvx inhibits binding of anti-GPVI to recombinant 2
GPVI as well as to platelet GPVI (Figure 4C), indicating that%
=GPVI anti-GPVI and Cvx compete for binding to the correspondings
e dde gl & T odiniteined udhetedimefh, - protein. Together, these results demonstrate that the protein en-
coded by T268 is recombinant GPVI. The difference between the
Figure 2. Tissue expression of human GPVI using RT-PCR or Northern blot molecular mass of pIateIet GPVI and recombinant GPVI is most
analysis. (A) Northern blot analysis of human tissues. A 2-kb transcript is observed bablyv d t . let diff tial . f th
only in bone marrow and fetal liver. A signal is also observed with peripheral blood pro a y ue to an incomplete _Or Irerental processing o €
leukocytes (PBLs). However, when the same blot was hybridized with a GPIlb probe,  Protein in CHO cells compared with platelets or megakaryocytes.
a platelet protein absent in PBLs, transcripts were also detected, which suggests that
the signal was due to platelet RNA contamination. There was no signal observedina  Functional studies
different PBL sample or in samples of brain, heart, skeletal muscle, colon, thymus,
spleen, kidney, liver, small intestine, placenta, lung, or lymph node (data not shown).  Flow cytometry. To determine whether recombinant GPVI was

Sp indicates spleen; LN, lymph node; Thy, thymus; PBL, peripheral blood leukocytes; R : i
BM, bone marrow; and FL, fetal liver. (B) RT-PCR analysis from human samples. We expressed atthe cell surface, different human or murine hematOPOI

coamplified B, microglobulin (82) and GPVI transcripts. The high molecular weight etic cell lines were transduced with recombinant retroviruses
fragment (830 base pair [bp]) was generated from the GPVI primers, and the low  expressing human or murine GPVI and with the control retrovirus.
molecular weight fragment (603 bp) was generated from the B, microglobulin - \ya ghserved that the cell lines used for this study expressyrcR-
primers. The 3, microglobulin PCR product, used as a loading control, is presentin all . - . . . :

the samples in similar quantity. In contrast, GPVI is amplified only in megakaryocyte- chain, as indicated by 'mmun0b|0tt|ng studies using a p0|yC|0naI
enriched samples (adult and newborn); in cell lines displaying strong MKC features  anti—FCR«y antibody (data not shown). The transduced cells were
(HEL, MEGO1, DAMI, MO7E, and mpl-UT7); and to a lesser extent, in fetal liver cells. analyzed by flow cytometry using FITC-conjugated Cvx. As a
A very low signal was also detected in the K562 and KG1 cell lines, 2 cell lines that . . .

also express platelet GPIIb at low levels, but there was no expression detected in the COI’]tI‘OL we used FITC'ConJUQatEd bothrOJaracm, another snake
other samples. venom protein that is structurally very close to Cvx but is a pure
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oo ; : St

Figure 3. Tissue expression mouse GPVI using ISH analysis. (A) Day-12.5
mouse embryo stained with hematoxylin. (B) ISH of day-12.5 embryo using a GPVI
probe. Hybridization is exclusively observed in the liver during embryogenesis. There
was no signal seen with the sense probe (data not shown). High magnitude resolution
shows that the only positive cell population corresponded to fetal megakaryocytes
(data not shown). In adults, expression in the liver was no longer observed. (C) ISH of
6-week-old mouse femur with GPVI probe. Section shows expression restricted to
megakaryocytes. Except for the spleen, there was no signal observed in any other
adult tissues analyzed.
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Figure 5. Binding of Cvx to murine hematopoietic cell lines. Hematopoietic cell
lines were transduced with a retrovirus expressing murine GPVI (mGPVI). Control
cells were transduced with the empty virus. The cells were incubated with FITC-
coupled Cvx or FITC-coupled bothrojaracin as a control and analyzed by flow
cytometry. (A) FDC-P1, (B) Ba/F3, and (C) 32D. Control cells transduced with the
empty virus are indicated by the dotted line. The cells transduced with the retrovirus
carrying mGPVI are indicated by the plain line.

and with K562 and U937 (human cell lines, data not shown). Cvx,
was also found to bind to the wild type HEL cells, but the binding%’
was clearly increased after retroviral transduction indicated ag
increased expression in cells already constitutively expressing
GPVI (data not shown). E

ny wo.

Cell adhesion.Because GPVI appeared to be expressed at th§
cell surface of transduced cells, we tested its capacity t&
promote cell adhesion in a static system, to either immobilizetg
Cvx or collagen, and then compared this to immobilized BSA.z
We tested 2 cell lines: U937 and FDC-P1. Neither the cells
expressing GPVI nor the control cells bound to immobilized%

thrombin inhibitor that does not bind to platelets. Transduction of
murine 32D cells with the retrovirus-expressing murine GPVI
resulted in a strong Cvx-associated staining compared to cells
transduced with the control virus, indicating that these transduced
cells express GPVI at their surface (Figure 5). Similar results were
obtained with FDC-P1 and Ba/F3 (all murine cell lines) (Figure 5) =
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Figure 4. Identification of the protein encoded by human GPVI cDNA. Proteins

from platelets (1) or proteins from CHO cells transfected with an empty vector (2), the
same vector containing human T268 cDNA (3), or the same vector containing human
megakaryocytes (4) were separated by SDS-PAGE and blotted on PVDF mem-
branes. The membranes were incubated (A) with 1251-Cvx, (B) with patient polyclonal
anti-GPVI IgG antibody alone,® or (C) in the presence of 0.5 pmol/L cold Cvx. 125]-Cvx
was revealed by autoradiography. Anti-GPVI IgG was detected with peroxidase-
coupled protein A and enhanced chemiluminescence.

BSA. However, expression of recombinant human or mousé
GPVI in U937 or FDCP-1, respectively, clearly promotes the§
adhesion of these cells to immobilized collagen and to a greatey
extent to immobilized Cvx (Figure 6). 3
(<2}
Association of recombinant GPVI with FcR- vy chain §
@
To analyze whether recombinant GPVI was associated with thg
FcR+y chain, we performed immunoprecipitation studies with ang
anti-FcRy polyclonal antibody on GPVI-transduced U937 cell g
100 g
1A B g
80 g
- «Q
3
80- 2
70 3
g
60 §
- »
8 5o
£
2 »
30+
20-
10+

BSA Cvx Coll BSA Cvx Coll

Figure 6. Adhesion of cells expressing rhusGPVI or rmGPVI to immobilized Cvx

or collagen. BSA, Cvx, or collagen type | (Coll) were immobilized on microtitration
plates. (A) rhuGPVI transduced or control U937 cells or (B) rmGPVI transduced or
control FDC-P1 cells were labeled with 51Cr and incubated for 60 minutes in the wells.
After aspiration of the nonbound cells and washing, radioactivity associated to the
wells was counted to determine the adherent cell number. The results are expressed
as the percentage of the cells added to the wells and are the mean plus or minus SEM
of 3 values. The control cells are indicated by the open bars, and the GPVI-
expressing cells are indicated by the darkened bars.
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lysates. Figure 7 shows the precipitated proteins analyzed by B
immunoblotting with a mixture of anti-FcR-and anti-GPVI 5
antibodies. We observed 3 bands in all samples: a high moIecuI@
weight band corresponding to 1gG, an approximately 50- kdg
nonidentified band, and a 14-kd doublet corresponding to thqg‘f
FcR-y chain. In addition, 1 band corresponding to GPVI is presentg
in platelets and also in U937 transduced with the GPVI virus, but it=
is not present in U937 transduced with the control virus. This 4
indicates that recombinant GPVI is associated with the FcR-

v chain. € o= 2.7 .

i . L i meenm 1.3
Inhibition of collagen and Cvx-induced platelet activation d d
by rhusGPVI:Fc

50 67

69

59

e

1
T

We produced and purified the rhusGPVI:Fc protein to investigaifure 8. inhibition Cvx- or collagen-induced platelet activation by rhusGPVI:
its ability to compete with membrane-bound platelet GPVI. Thee- (A) Trace a: platelets were activated by 100 pmol/L Cvx; trace b: platelet
RhusGPVI:F t d of 2 id f spension was incubated with 1 wg GPVI:Fc for 2 minutes before the addition of
us C protein is composed o amino aci ragmeni%x traces ¢ and d: Cvx was preincubated with 0.25 ug and 0.5 ug GPVI:Fc for 2
(1-269) of GPVI linked by their C-terminus to a human IgG1 Feninutes, respectively, before the addition to platelets. (B) Trace a: platelets were
domain. has a molecular mass of 75-80 kd. and is divalent. T#vated by collagen type I; trace b: platelets were preincubated with 5 g GPVI:Fc
h GP’VI'F in did ind | | ’ . for 2 minutes before the addition of collagen; traces c to e: collagen was preincubated
rhus ) :Fc protein did not induce platelet aggregatlc_)n or granyfg, g, 2.5 ng, and 5 ng GPVI:Fc, respectively, for 2 minutes before the addition to
secretion alone. When 0.25g8/mL rhusGPVI:Fc was incubated platelets. 14C 5-HT-labeled washed platelets were used. The percentage of 14C 5-HT
with Cvx prior to the addition of platelets, aggregation and denggease measured in each condition is indicated.
granule secretion was fully inhibited (Figure 8A). In addition,
when 1ug/mL rhusGPVI:Fc was added to the platelet suspension
prlor.to Cvx, it also |nh|p|ted aggregation and secretion, indicating)iscussion
that it could compete with membrane-bound platelet GPVI for Cvx
(Figure 8A). GPVI has long been recognized as an important receptor f@
When the agonist was collagen, incubation of rhusGPVI:Raatelet function. Identification of its structure and characterlzatlorg
with collagen prior the addition of platelets inhibited platelebf its expression are important steps in clarifying its role |ng
aggregation and secretion (Figure 8B). This inhibition was dos#wombosis. Based on the hypothesis that GPVI should shal r@
dependent, with a 10-fold higher concentration of rhusGPVI:Fructural similarities with the Fc receptors coupled toyhghain,
(2.5 pg/mL) needed to reach a full inhibitory effect than thatve identified human and mouse GPVI from megakaryocyticg
required for Cvx. Furthermore, when up tq§ rhusGPVI:Fc was CDNAlibraries.

added to platelets prior to the collagen, no inhibition was observed AS predicted, GPVI belongs to the Ig superfamily of cell surfaceg
(Figure 8B). molecules. Itis a type | membrane protein containing 2 extracellum

lar Ig-like domains. The closest relatives of GPVI in the publlco
databases are the growing family of inhibitory receptors, althoug@
this relationship is due solely to similarities in the extracellulariz
domain. The sequence of our human clone is identical to thag

«Q

recently reported by Clemetson et?alThe homology between €

mouse and human GPVI is approximately 64%. This homology i
spread throughout the molecule, but is slightly higher (78%) in theé
Ig-like domains. Interestingly, both human and mouse GPVIg
contain conserved variants of the WSXWS box (residues 97- 103
and 192-196). This motif is a signature of class | hematop0|et|(f
receptors, but variants are also found in the sequences of all
killer-cell inhibitory receptors (KIRs}! These motifs have been
shown to contribute to tertiary folding. GPVI has a relatively short
cytoplasmic tail with no obvious signaling motifs analogous to the
ITAMs and immunoreceptor tyrosine-based inhibitory motifs (IT-
IMs) of other signaling receptors. GPVI has a positively charged
residue in the transmembrane domain that should allow it to form
complexes with the FcR-chain, which acts as signaling subuHit.
Indeed, the Fex/RI-a chain, which shows structural homology to
GPVI, also contains a positively charged residue in its transmem-
brane domain that has been shown to be essential for its association
with the FcRy chain?0
Figure 7. Coexpression of rhusGPVI with FcR-  y chain. Lysates from (A) platelets, Human GPVI was mapped to 19¢13.32-13.33. Multiple mem-
(B) control, or (C) GPVI-transduced U937 cells were incubated with a polyclonal  bers of the Ig superfamily, including KIRs, Ig-like transcripts
anti-FcR-y antibody and protein A-sepharose. Immunoprecipitated proteins were (|LT-1, -2, and _3), the gp49b family, and F(IR(CD89), also map
separated by SDS-PAGE and blotted on a PVDF membrane. The membrane was . . . . . .

to this region. These various receptors differ considerably with

incubated with a mixture of anti-FcR-y and anti-GPVI antibodies revealed with ) ] - :
peroxydase-coupled protein A and chemiluminescence. respect to function and expression, and it may be hypothesized that

00|q/eu’suoneoiigndyse;/:diy woly papeojumoq
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functional differentiation occurred after duplication of a commoat the cell surface may have been facilitated by the coexpression of
ancestral gene. the FcRy chain in these cells. It has been previously shown that

The tissue distribution of GPVI is currently poorly defined. Texpression of the FcR-chain is required for surface expression of
determine the expression pattern of GPVI, we examined &c-y/RIIl and Fce/RI*® and for activation of platelets by colla
extensive panel of human and mouse tissues. The only cells whgem!2 However, in the case of FefRI association to the FcR-
we could detect a significant amount of GPVI RNA werehain is required for receptor function but not for cell surface
megakaryocytes and platelets. Furthermore, by searching interegpressiort? The coprecipitation of the FcR-chain and recombi
and public gene databases, the only cDNA sources that were fouratht GPVI in transduced U937 cells demonstrates the physical
were various Millennium megakaryocyte libraries. These resuléssociation between these 2 proteins. As withaMREL2 the
strongly suggest that the expression of GPVI is highly specific tmkage probably involves charged residues within the transmem-
the megakaryocytic lineage. It remains to be determined if GPWrane domain: R273 or R270, respectively, for hGPVI and mGPVI
expression is regulated throughout megakaryopoiesis. Preserdlyd D11 in the FcRy chain. Our preliminary results, obtained in
there are very few molecules that are specific to the megakaryoc@eO cells, suggest that GPVI can be expressed at the cell surface
lineage. GPIlIb (integrinx-11b), which was long considered to bein the absence of the FciRehain, as was demonstrated for &Rl
the prototypic megakaryocyte marker, is also expressed on a sulfdata not shown). o
of hematopoietic progenitofd:** Other megakaryocyte proteins, The importance of GPVI in collagen-induced platelet activation §
such as GPIhe, GPIB, and GPIX (CD42) are also expressed byvas discovered following the characterization of a patient sufferin @l
activated endothelial celfs.Only GPV and PF4 appear to befrom immune thrombocytopenic purputdhis patient developed &
specific to the megakaryocyte/platelet linedgEor this reason the self-antibodies that recognized GPVI and induced platelet aggregg-
PF4 promoter has been used to target the megakaryocytediam. In contrast, Fab fragments do not induce platelet activatior
various transgenic modeté However, it is not clear that the PF4and instead inhibit the aggregation induced by collagen. In thi's;
promoter allows expression of the transgene in early megakarymper we show that antibodies from this patient recognize th€
cyte progenitors. It would be of interest to further characterize thpgotein in CHO cells expressing our clone. Interestingly, Cvx%
specificity and stage of expression of GPVI and to analyze itshibited the binding of anti-GPVI antibodies to the recomblnant
promoter. protein, as previously observed on platelets.

Functional characterization of recombinant GPVI was per- GPVI, despite its essential role in collagen-induced plateleg
formed using transfected cells that have either no levels afigregation, is described as having a minor role in platele§
endogenous GPVI (U937 and FDC-P1) or low levels (HEL). ladhesion to collagen. Other receptors, such as the GPIb-IX-&
contrast to the work described by Clemetson e alho used complex or the integrine231, are major players responsible for %
DAMI cells that expressed GPVI messenger RNA, this charactgotatelet adhesion to collagen. However, we have previously show§
ization allowed us to study GPVI functional properties indeperthat immobilized Cvx is able to induce platelet adhesion, whlch:
dently of endogenous GPVI. Our extensive analysis showed thiatlicates that GPVI may be involved in adhesion in stanc:»
the recombinant protein GPVI was based on binding to Cvepnditions!® In this study, we demonstrated that expression 0f°’
binding to collagen, binding of anti-GPVI IgG isolated from aGPVI in U937 and FDCP-1 cells induces cell adhesion to
patient, and association to the FgRzhain. We also demonstratecollagen- or Cvx-coated surface. The number of cells that bound t
that the extracellular domain of GPVI is active in blocking Cvximmobilized Cvx was significantly higher than those bound tog
and collagen-induced platelet aggregation. collagen. This probably reflects differences in the density of GPVE

Cvx, a snake venom protein, has been shown to bind spechinding sites on the 2 surfaces. Cvx is a pure GPVI ligand ands
cally to platelet GPVEL1739n ligand binding studies we whenimmobilized, produces a highly reactive surface, while GPVg
demonstrated that Cvx bound to CHO cells that transienthinding sites should be disseminated on collagen fibers, therel%/
expressed the cloned genes. The observed molecular weightesfulting in a less reactive surface. Nevertheless these resulis
GPVI in these cells was lower than that attributed to GPVI iidicate that recombinant GPVI mimics the physiological functiony
platelets but similar to that observed in primary megakaryocytesf. platelet GPVI (ie, binding to collagen).

This difference in migration may be due to differences in glycosyl- The difference in reactivity between collagen and Cvx is further@
ation, and it is possible that this is dependent on the stage of aethphasized by the differences in the inhibitory effect that the®
differentiation. Indeed, GPVI appears to be heavily glycosylatedoluble GPVI protein has on collagen- and Cvx-induced platelet
The predicted molecular weight based on the cDNA sequenceagtivation. Indeed, soluble GPVI inhibits Cvx-induced platelet
around 38 kd, but when the molecular weight is deduced froattivation in the absence of preincubation with Cvx, while it
SDS-PAGE under nonreducing conditions, the molecular weightrisquires a preincubation with collagen to inhibit collagen-induced
54 kd in CHO cells and 58 kd in platelets. This is consistent witplatelet activation. This probably reflects the rapid kinetics of
glycosylation and accounts for approximately one-third of the masgeraction between GPVI and Cvx compared to those between
of the protein. Human GPVI has only 1 N-linked glycosylation siteGPVI and collagen. The affinity of soluble GPVI for Cvx is
which appears to account for only 3 kd (data not shown). It is likelgrobably very high for 2 reasons: (1) soluble GPVI is expressed in a
that the majority of glycosylation is due to O-linked carbohydratedivalent Fc fusion form, and (2) Cvx is multivalent due to its
on the large clusters of serine and threonine residues present inttimeric 383 structure®® This suggests that GPVI binding sites on
extracellular domain. collagen fibers are probably dispersed and poorly accessible.

Using ligand-binding fluorescence analysis, we showed thAtternatively, these observations could also suggest that the
Cvx binds to the human recombinant protein in U937 and K582nding of collagen to its other receptors, including the integrin
cells and to the mouse recombinant protein in FDC-P1, 32D, an@B1, promotes its subsequent interaction with GPVI.

Ba/F3. Itis known that Cvx recognized mouse GPVI from previous GPVI may play an important role in the development of thrombi
studies showing that Cvx is a potent platelet activator of botiecause it is the receptor that appears to govern platelet activation
human and mouse plateléfsThe expression of recombinant GPVlat the contact of collagen and thus induces platelet recruitment.
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Indeed, patients with GPVI deficiency, whether it was associatedam collagen fibers, one might speculate that an antagonist directed
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not associated with an anti-GPVI antibody, displayed bleediragainst GPVI may be more efficient than an antagonist directed
disorders’8 The molecular cloning of GPVI provides the oppertu against collagen.
nity to characterize the mechanism of these deficiencies, not only Altogether, our results provide evidence that a new member of

the precise interaction between GPVI and the integr?81 in

the Ig superfamily is platelet GPVI, a collagen receptor specific for
collagen-induced platelet activation, but also the role of GPVI ithe megakaryocyte lineage. GPVI characterization allows us to get

thromboembolic diseases. GPIlIb-llla (integriilbp3) and the further insight into its role as collagen receptor, and forthcoming
ADP receptor are platelet receptors against which efficient antagudies will explore its involvement in thrombotic disease, bleeding
nists have so far been develogéd? The mode of action of disorders, and megakaryocyte maturation.
thienopyridines is indirect because they require conversion to
unidentified metabolites that are noncompetitive inhibitors of ADP.
Their established antithrombotic effect is probably nonspecific alchnowIedgments
related to the inhibition of platelet recruitment by ADP upon
platelet activation by subaggregatory concentrations of agonistsThe authors are grateful to Prof Stuart Orkin and Dr Paresh Was

Even if GPllb-llla were involved in platelet adhesion, its(Children’s Hospital, Boston, MA), Dr David Gearing, Dr Charles

principal role is to bind fibrinogen, thereby allowing plateleGray, and R. Clark (Millennium Pharmaceuticals, Cambridge, MA)§
aggregation and serving as the final common pathway of platefet their contribution to the megakaryocyte library constructions;§‘,

thrombus formation regardless of the metabolic pathway initiatirgrof M. Okuma (Kyoto University, Kyoto, Japan) for the anti-
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platelet activation. In contrast, GPVI is involved in an early step d&PVI patient plasma; Dr Ilvo M. B. Francischetti (National Institute §
platelet activation occurring immediately when platelets contaof Allergy and Infectious Diseases, National Institutes of Health,z

the subendothelial matrix. GPVI may represent an alternative aBdthesda, MD) for the generous gift 6fotalus durissus terrificus
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more specific target for new antithrombotic compounds. Theenom; Christopher Comrack, Belle Chang, Thao Duong, ané?
antagonist can be directed against either of the 2 players, kgvin McDonald for excellent technical assistance; and Amgerg
collagen GPVI binding sites or GPVI itself. Because our observéfhousand Oaks, CA) for providing recombinant PEG-HUMGDF&
tions suggest that the GPVI binding sites are not easily accessiatel hSCF.
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