s1dLIOSNUBIA JoyINy sispund DN 8doin3 ¢

s1dLosnuUep JoyIny sispund DN adoin3 ¢

Europe PMC Funders Group
Author Manuscript
Sci Signal. Author manuscript; available in PMC 2016 August 04.

Published in final edited form as:
Sci Signal. ; 5(248): ra78. doi:10.1126/scisignal.2002936.

Mice Lacking the ITIM-Containing Receptor G6b-B Exhibit
Macrothrombocytopenia and Aberrant Platelet Function

Alexandra Mazharian®!, Ying-Jie Wang#!'T, Jun Moril, Danai Bem?!, Brenda Finney?!, Silke
Heising?, Paul Gissen?#, James G. White3, Michael C. Berndt#, Elizabeth E. Gardiner®,
Bernhard Nieswandt®, Michael R. Douglas’:8, Robert D. Campbell?, Steve P. Watson?, and
Yotis A. Senis?8

1Centre of Cardiovascular Sciences, Institute of Biomedical Research, School of Clinical and
Experimental Medicine, College of Medical and Dental Sciences, University of Birmingham,
Birmingham B15 2TT, UK 2Department of Medical and Molecular Genetics, School of Clinical and
Experimental Medicine, University of Birmingham, Birmingham B15 2TT, UK 3Department of
Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, MN 55455, USA
“Biomedical Diagnostics Institute, Dublin City University and Royal College of Surgeons in
Ireland, Glasnevin, Dublin 9, Ireland SAustralian Centre for Blood Diseases, Monash University,
Alfred Medical Research and Education Precinct, Melbourne, Victoria 3004, Australia 8University
Hospital and Rudolf Virchow Center, DFG Research Center for Experimental Biomedicine,
University of Wiirzburg, Wirzburg 97080, Germany ‘Neuropharmacology and Neurobiology
Section, School of Clinical and Experimental Medicine, University of Birmingham, Birmingham
B15 2TT, UK 8Department of Neurology, Dudley Group of Hospitals NHS Foundation Trust,
Dudley DY1 2HQ, UK °Department of Physiology, Anatomy and Genetics, University of Oxford,
Oxford OX1 3QX, UK

# These authors contributed equally to this work.

Abstract

Platelets are highly reactive cell fragments that adhere to exposed extracellular matrix (ECM) and
prevent excessive blood loss by forming clots. Paradoxically, megakaryocytes, which produce
platelets in the bone marrow, remain relatively refractory to the ECM-rich environment of the bone
marrow despite having the same repertoire of receptors as platelets. These include the ITAM
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(immunoreceptor tyrosine—based activation motif)—containing collagen receptor complex, which
consists of glycoprotein VI (GPVI) and the Fc receptor y-chain, and the ITIM (immunoreceptor
tyrosine—based inhibition motif)—containing receptor G6b-B. We showed that mice lacking G6b-B
exhibited macrothrombocytopenia (reduced platelet numbers and the presence of enlarged
platelets) and a susceptibility to bleeding as a result of aberrant platelet production and function.
Platelet numbers were markedly reduced in G6b-B—deficient mice compared to those in wild-type
mice because of increased platelet turnover. Furthermore, megakaryocytes in G6b-B—deficient
mice showed enhanced metalloproteinase production, which led to increased shedding of cell-
surface receptors, including GPVI and GPlba. In addition, G6b-B—deficient megakaryocytes
exhibited reduced integrin-mediated functions and defective formation of proplatelets, the long
filamentous projections from which platelets bud off. Together, these findings establish G6b-B as a
major inhibitory receptor regulating megakaryocyte activation, function, and platelet production.

INTRODUCTION

Platelets are small anucleate blood cell fragments that play a vital role in hemostasis (the
cessation of bleeding) and thrombosis (formation of blood clots in blood vessels) (1, 2),
which they perform by adhering to exposed extracellular matrix (ECM) at sites of vascular
injury and forming a hemostatic plug that prevents excessive blood loss. Platelets have a life
span of 7 to 10 days in humans and 3 to 5 days in mice (3, 4). New platelets are constantly
produced to maintain a normal range of biologically active platelets in the circulation (150 x
108 to 400 x 102 platelets/pl in humans and 700 x 102 to 1500 x 103 platelets/pl in mice) (1).
Old, defective, and preactivated platelets are rapidly cleared from the circulation by resident
macrophages in the spleen and liver (3).

A key yet unresolved question is how megakaryocytes, bone marrow cells that produce
platelets, remain relatively refractory in the ECM-rich environment of the bone marrow
despite having the same repertoire of cell-surface receptors as platelets. One potential
pathway responsible for this difference is through immunoreceptor tyrosine—based inhibition
motif (ITIM)-containing receptors, which inhibit activation signals (5). ITIMs, which have
the consensus sequence (I/V/L/S)xYxx(L/V), are phosphorylated by Src family kinases
(SFKs) and act as docking sites for SHIP-1 [Src homology 2 (SH2) domain—containing
inositol-5-phosphatase-1] and the structurally related nontransmembrane protein-tyrosine
phosphatases Shpl and Shp2 (SH2 domain—containing protein-tyrosine phosphatases 1 and
2), which dephosphorylate key components of activation pathways (5). Platelets have several
ITIM-containing receptors, including platelet-endothelial cell adhesion molecule-1
(PECAM-1) (6), carcinoembryonic antigen—related cell adhesion molecule 1 (CEACAM1)
(7), triggering receptor expressed on myeloid cell-like transcript-1 (TLT-1) (8), and G6b-B
(9). The ITIM-containing collagen receptor LAIR-1 [leukocyte-associated immunoglobulin
(1g)-like receptor-1] is found in hematopoietic stem cells and immature megakaryocytes but
not in platelets (10, 11). Unique among this group of ITIM-containing receptors is G6b-B,
which is highly abundant in megakaryocytes and platelets (12, 13) and is constitutively
phosphorylated and associated with Shpl and Shp2 (9, 14, 15). G6b-B inhibits signaling
from the immunoreceptor tyrosine—based activation motif (ITAM)-containing collagen
activation receptor complex GPVI-FcR y-chain (glycoprotein VI-Fc receptor y-chain) and
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the hemITAM-containing podoplanin activation receptor CLEC-2 (C-type lectin-like
receptor 2) in transiently transfected DT40 chicken B cells (16), as well as GPVI- and
adenosine diphosphate (ADP)-induced platelet aggregation after antibody-mediated cross-
linking (17).

We investigated the physiological function of G6b-B through the use of a G6b knockout
mouse model. Unexpectedly, G6b-B-deficient mice were markedly macrothrombocytopenic
and had a bleeding diathesis because of defective platelet production and function. Ablation
of GPVI and CLEC-2 partially rescued the phenotype of G6b-B—deficient mice, suggesting
that tonic signaling through these receptors contributed to the defect. Thus, we suggest that
G6b-B is a previously uncharacterized regulator of megakaryocyte activation and function
and platelet production.

Mouse and human G6b-B are differentially glycosylated

We characterized G6b-B in mouse megakaryocytes and platelets to serve as a basis for the
generation of a G6b-B—deficient mouse model. Mouse G6b, the gene that encodes G6b-B, is
located in the major histocompatibility complex region of chromosome 17 (18) and is
predicted to encode a 242—amino acid protein with the same structural features as human
G6b-B, including a single extracellular variable Ig domain, a single transmembrane domain,
and a cytoplasmic tail containing an ITIM and an ITSM [immunoreceptor tyrosine—based
switch motif; consensus sequence: TXYxx(V/I)] in its C terminus (figs. S1 and S2). G6b-B is
highly abundant in mature mouse bone marrow—derived megakaryocytes and platelets but
not in immature megakaryocytes (fig. S3, A and B). However, unlike human G6b-B, which
migrates as two distinct bands at 24 to 30 kD when analyzed by SDS—polyacrylamide gel
electrophoresis (fig. S3B, right), mouse G6b-B migrates as a smear in the range of 40 to 45
kD (fig. S3B, left), which is a result of differential glycosylation because deglycosylation
with peptide A~glycosidase F (PNGase F) caused human and mouse G6b-B to migrate with
their predicted molecular masses of ~24 kD (fig. S3B). Human and mouse G6b-B were
constitutively tyrosine-phosphorylated and associated with Shpl and Shp2 in mouse
megakaryocytes (fig. S3C, right) and in mouse and human platelets [fig. S3, C (left) and D]
(9, 17). Tyrosine phosphorylation of G6b-B and its interactions with Shp1 and Shp2 were
marginally enhanced in collagen-stimulated platelets, and both sets of responses were
inhibited in the presence of the SFK inhibitor PP1 (4-amino-5-(4-methylphenyl)-7-(#
butyl)pyrazolo[3,4-d]-pyrimidine) [fig. S3, C (left) and D].

G6b ™~ mice exhibit severe macrothrombocytopenia and have abnormal platelets

We generated G6b-deficient mice by crossing G6610%/flox mice, in which the entire G6b
gene (exons 1 to 6) was flanked by /oxPsites (fig. S4), with Gt{(ROSA)26Sorm16(Cre)Arte
mice, resulting in ablation of G6b in all tissues (fig. S4). Homozygous G6b knockout mice
(G6b7I7) were born at Mendelian frequencies, were fertile, and survived for >25 weeks with
no overt growth or developmental defects. G6b-B was not detectable in mature
megakaryocytes or platelets from G667~ mice by flow cytometry or Western blotting
analysis (Fig. 1A). Hematological analysis revealed that G667~ mice were markedly
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macrothrombocytopenic (Fig. 1B and table S1). The mean platelet count of G667~ mice was
reduced by 77% and the mean platelet volume was increased by 38% compared with age-
matched wild-type control mice (G66*'*) (Fig. 1B and table S1). Increased platelet volume
is indicative of immature platelets (19, 20).

G6b~~ mice show increased platelet turnover and extramedullary hematopoiesis

The marked reduction in platelet counts in G667/~ mice suggested a major defect in platelet
clearance, production, or both. Thus, we measured platelet half-life in G657/~ mice, as
previously described (21). Briefly, mice were given a single intravenous injection of biotin-
N-hydroxysuccinimide, which biotinylates primary amines in glycoproteins on the platelet
surface, and then we quantified by flow cytometry the percentages of biotinylated platelets
(biotin*aypB3™) remaining in the blood at various days after injection. We found that platelet
half-life was reduced to 33 hours in G657/~ mice, compared with 64 hours in age-matched
wild-type mice, demonstrating a substantial increase in platelet clearance in the G667/~ mice
(Fig. 2A). A large proportion of platelets in G667/~ mice were IgG- and IgM-positive (Fig.
2B), which suggested the existence of an anti-platelet antibody—mediated response and the
enhanced clearance of opsonized platelets through the mononuclear phagocyte system (3).

The rate of platelet recovery after platelet depletion that was triggered by an anti-GPlba
antibody was reduced in G657/~ mice compared to that in wild-type mice (Fig. 2C),
suggesting reduced platelet production. However, this is complicated by the increased
platelet clearance observed in these mice (Fig. 2A). The spleen, which acts as a site of
platelet clearance and production in cases of bone marrow damage, such as myelofibrosis
(22), was moderately enlarged in G657/~ mice compared to that in control mice (fig. S5A).
Clusters of megakaryocytes in the bone marrow and red pulp of G667/~ mice suggested that
myelofibrosis and extramedullary hematopoiesis had occurred (fig. S5B). Indeed, the
reticulin stain revealed increased fibrosis in the bone marrow and spleen of mutant mice
compared to control mice (fig. S5B, bottom). Increased numbers of megakaryocytes in
G667~ mice were likely a result of an increase in the concentration of thrombopoietin (Tpo)
in the plasma (fig. S5C), which is inversely related to platelet counts (23). Together, these
findings suggest a futile cycle of rapid antibody-mediated platelet clearance and aberrant
platelet production in G667/~ mice, resulting in a net deficit in circulating platelet counts.

G6b~~ mice exhibit abnormal megakaryocyte function and proplatelet formation

We next searched for further evidence of reduced platelet production in G667/~ mice. We
analyzed bone marrow-derived megakaryocytes from G667/~ mice for developmental and
functional defects. G6b-B—deficient megakaryocytes survived and grew normally in vitro,
with normal ploidy (fig. S6A) and a,j,B3 surface abundance (fig. S6B and Table 1),
suggesting no overt developmental defects. However, the abundances of GPVI, the a,
integrin subunit, and GPIba in mature G6b-B-deficient megakaryocytes were substantially
reduced compared to those in wild-type megakaryocytes (fig. S6B and Table 1). In contrast,
the abundance of the metalloproteinase ADAM-10, which causes shedding of GPVI and the
GPIba subunit, which provides the von Willebrand factor binding site in the GPIb-1X-V
receptor complex (24, 25), was increased in mature G6b-B-deficient megakaryocytes
compared to that in wild-type cells (fig. S6B and Table 1).
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Despite having normal amounts of a,,B3, G6b-B—deficient megakaryocytes exhibited a
marked reduction in spreading on fibrinogen- or fibronectin-coated surfaces (Fig. 3, A and
B, left), suggesting defective outside-in integrin signaling. Reduced spreading on collagen
was likely partially a result of the reduced amounts of GPVI and a; integrin (Fig. 3, A and
B, left, and Table 1). Wild-type megakaryocytes maintained under the same conditions for
longer periods (5 hours) formed long filamentous proplatelet projections from which
platelets bud off (Fig. 3, A and B, right) (19). G6b-B—deficient megakaryocytes formed
fewer and less highly branched proplatelets on fibrinogen- or fibronectin-coated surfaces
than did control megakaryocytes (Fig. 3, A and B, right), suggesting defective microtubule
extension and actin-mediated branching (26). Neither wild-type nor G6b-B—deficient
megakaryocytes formed proplatelets on collagen-coated surfaces (Fig. 3, A and B, right), as
was anticipated, because collagen is reported to inhibit proplatelet formation in vitro (27).

Western blotting analysis with phospho-specific antibodies revealed substantial reductions in
the extent of phosphorylation of the activation loop tyrosine of SFKs [Src phosphorylated at
Tyr#18 (pTyr418)] and extracellular signal-regulated kinases 1 and 2 (ERK1/2; pThr292 and
pTyr204 in ERK1 and pThrl85 and pTyrl87 in ERK2) downstream of aypf3 in fibrinogen-
adherent, G6b-B—deficient megakaryocytes compared to wild-type megakaryocytes (Fig.

3C, left). Phosphorylation of these sites is required for maximal activation of these kinases
(28, 29). Src is required for the initiation and propagation of outside-in aj B3 signaling,
whereas ERK1/2 activation is a distal signaling event in the Ras—mitogen-activated protein
kinase pathway that has been implicated in cell survival, growth, and development (30). SFK
phosphorylation was also reduced in Tpo-stimulated G6b-B—deficient megakaryocytes;
however, Tpo-mediated ERK1/2 phosphorylation was normal, consistent with the normal
growth and ploidy of these cells (Fig. 3C, right). Tpo is the main cytokine that stimulates
megakaryocytes to produce platelets. These findings demonstrate the specificity of G6b-B in
regulating outside-in integrin a,pP3 signaling relative to Tpo receptor (Mpl) signaling.
Altered outside-in integrin signaling likely contributes to the functional defects exhibited by
G6b-B—deficient megakaryocytes in vitro and in vivo, as previously reported (30-33).

G6b ™~ mice exhibit increased bleeding and aberrant platelet function

Platelets from G667/~ mice tended to be larger and more ovoid-shaped compared with
platelets from G66*'* mice (fig. S7), consistent with increased platelet turnover and the
presence of immature platelets. In addition, platelets from G647/~ mice also had altered
organelle and granule content (fig. S7), consistent with aberrant platelet production (34).
Surface glycoprotein abundance was also defective in G6b-B—deficient platelets (Fig. 4),
which correlated with altered glycoprotein amounts in G6b-B—deficient megakaryocytes
(fig. S6B). The amounts of GPVI on mutant platelets were reduced by 82% compared to
those in wild-type platelets (Fig. 4), whereas the amounts of a integrin, GPlba, and
CLEC-2 were reduced by 18, 13, and 6%, respectively (Fig. 4). In contrast, ADAM-10
abundance was 36% greater in G6b-B—deficient platelets than in wild-type platelets (Fig. 4).

Not surprisingly, G647/~ mice bled excessively after receiving a tail injury (fig. S8A).
Platelets from G667~ mice adhered poorly and failed to form normal aggregates on
collagen-coated surfaces under arterial shear rates (1000 s™1) (fig. S8B). Aggregates were
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unstable and tended to fragment with time. We also performed platelet function tests in vitro
with equal numbers of washed platelets. We measured GPVI-mediated aggregation and
adenosine triphosphate (ATP) secretion from dense granules in response to the GPVI-
specific synthetic peptide collagen-related peptide (CRP), the snake toxin convulxin, which
binds to GPVI and GPlba, and the physiological ligand collagen, which binds to GPVI and
the integrin ayp;. Platelets from G667/~ mice did not aggregate or secrete ATP in response to
high concentrations (30 pug/ml) of either CRP or convulxin, consistent with the reduction in
GPVI abundance on their surface (Fig. 5A, Table 2, and fig. S9). The amount of cell-surface
P-selectin, a marker of a-granule secretion, and the extent of fibrinogen binding, a marker of
inside-out signaling and integrin function, were also reduced in CRP-stimulated G6b-B—
deficient platelets compared to those in stimulated wild-type platelets (Fig. 5B). In contrast,
G6b-B—deficient platelets responded weakly to an intermediate concentration of collagen (3
pg/ml), which signals through GPVI and the a4 integrin (Fig. 5A, Table 2, and fig. S9)
(35, 36). This suggests that there was a sufficient amount of a1 to cause activation of
GPVI through a vidity despite the reduction in GPVI abundance, as previously reported (37).
In contrast, platelets from G667/~ mice exhibited enhanced reactivity to an anti-CLEC-2
antibody (Fig. 5A), which signals through a hemITAM sequence and the SFK-Syk-
phospholipase C y2 (PLC-v2) signaling pathway (38). Thus, the defect in the response to
GPVI agonists can be explained by the marked reduction in the abundance of the
glycoprotein receptor, whereas enhanced CLEC-2 responses were likely mediated by
increased signaling in the absence of inhibition by G6b-B.

Platelets from G667/~ mice responded normally to the thromboxane A, (TxA,) analog
U46619 (10 uM), which signals through the G4-coupled TxA; receptor (Fig. 5A), and an
intermediate concentration of ADP (10 uM), which signals through the G4-coupled P2Y
and Gj-coupled P2Y 1, receptors (Fig. 5A). However, G6b-B—deficient platelets exhibited
reversible aggregation and reduced ATP secretion in response to an intermediate
concentration (0.06 U/ml) of thrombin, which signals through the G4-coupled protease-
activated receptor-4 (PAR-4) (Fig. 5A). Consistent with these findings, the cell-surface
abundance of P-selectin was also reduced in response to thrombin (for both 0.06 and 0.6 U/
ml), whereas fibrinogen binding was only reduced in response to a lower concentration of
thrombin (Fig. 5B).

We also analyzed the ability of G6b-B—deficient platelets to adhere to and spread on a
fibrinogen-coated surface (Fig. 5, C and D), which is an a;p3-mediated event that is
dependent on outside-in signaling through the SFK-Syk—PLC-y2 signaling pathway (39).
We previously reported an increase in the extent of G6b-B phosphorylation in fibrinogen-
spread human platelets (15), which suggested that G6b-B might regulate outside-in integrin
signaling. We found that G6b-B—deficient platelets spread normally on fibrinogen under
basal conditions but showed a marked reduction in lamellipodia formation when the platelets
were preactivated with thrombin (0.1 U/ml; Fig. 5, C and D), consistent with the reduced
thrombin reactivity described earlier (Fig. 5, A and B). Under these conditions, less than half
of G6b-B—deficient platelets formed lamellipodia (Fig. 5, C and D).
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Syk is constitutively activated in G6b™~ platelets

We next checked for biochemical evidence of platelet preactivation. Our previous findings
showed that G6b-B inhibits constitutive signaling from GPVI and CLEC-2 in transiently
transfected DT40 chicken B cells (16). We analyzed the phosphorylation status of the
tyrosine kinase Syk and the ITAM-containing FcR y-chain in resting G6b-B—deficient
platelets by immunoprecipitation and Western blotting analysis. We found that the
phosphorylation of Syk was enhanced in resting G6b-B—deficient platelets compared to that
in wild-type platelets, suggesting that Syk activity was increased (Fig. 6A, top). This finding
was confirmed with a phospho-specific antibody that recognized activated Syk (pTyr519/520)
(Fig. 6B). However, the FcR y-chain was phosphorylated to the same extent in control and
G6b-B—deficient platelets, making it unlikely that this was the cause of the increase in Syk
activity (Fig. 6C). Moreover, less phosphorylated FCR y-chain co-immunoprecipitated with
Syk from resting G6b-B—deficient platelets than with Syk from wild-type platelets (Fig. 6A,
bottom). Despite the extent of Syk phosphorylation being increased in G6b-B—deficient
platelets compared to that in wild-type platelets, SFK and PLC-y2 were phosphorylated to
the same extent in control and mutant platelets under these conditions (fig. S10A).

The extent of tyrosine phosphorylation of several bands was enhanced in resting G6b-B—
deficient platelets compared to that in wild-type platelets, including bands corresponding to
proteins of 25 and 116 kD (figs. S10B and S11). Phosphorylation of SFKs was normal in
resting and collagen-stimulated G6b-B—deficient platelets in the presence of indomethacin,
apyrase, and lotrafiban, which inhibit cyclooxygenase, ADP, and apf33, respectively (fig.
S11), despite G6b-B—deficient platelets having reduced cell-surface abundance of GPVI and
ay integrin (Table 2). This finding suggested that SFK activity in G6b-B—deficient platelets
was normal. Phosphorylation of Syk was also normal in resting G6b-B—deficient platelets
under these conditions (fig. S11), suggesting that the inhibitors prevented Syk from
becoming preactivated. However, tyrosine phosphorylation of the FcR y-chain, Syk, and
PLC-v2, downstream of SFKs, was markedly reduced in collagen-stimulated G6b-B-
deficient platelets compared to that in stimulated control platelets (fig. S11). The extent of
tyrosine phosphorylation remained unchanged in CRP-stimulated G6b-B—deficient platelets,
including an apparently hyperphosphorylated band migrating at 25 kD (fig. S10). These
findings demonstrate the enhanced phosphorylation at a critical point downstream of platelet
surface glycoprotein receptors, namely, the tyrosine kinase Syk, which may contribute to
platelet preactivation and potentiation of the response to CLEC-2.

G6b~/~ mice show increased GPVI and GPlba shedding

We next investigated the cause of the reduced GPVI and GPlba abundance in G6b-B-
deficient platelets. Potential causes included reduced transcription of the genes encoding
these receptors, as well as increased internalization and shedding of the receptor proteins.
Another possibility was a reduction in the abundance of the FcR y-chain, which is required
for the cell-surface expression of GPVI (40). To test these possibilities, we analyzed whole-
cell lysates of resting platelets by Western blotting for GPVI and the FcR y-chain. The anti-
GPVI antibody that we used was directed against the cytoplasmic tail of GPVI, so it could
detect both full-length GPV1 (62 kD) and the sheddase-generated C-terminal tail (8 kD). The
amount of intact GPVI was markedly reduced in G6b-B—deficient platelets compared to that
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in wild-type platelets (Fig. 7A, left), whereas the sheddase-generated C-terminal tail was
increased in abundance (Fig. 7A, left), consistent with enhanced GPVI shedding. FcR vy-
chain abundance was also reduced in G6b-B—deficient platelets compared to that in wild-
type platelets (Fig. 7A, middle), contributing to an overall reduction in the amount of GPVI
at the cell surface. Because GPlba is cleaved by the same sheddases that cleave GPVI,
namely, ADAM-10 and ADAM-17 (24, 25), we checked for evidence of enhanced GPlba
shedding in G647/~ mice. Indeed, we found that the sheddase-generated extracellular region
of GPlba, which is referred to as glycocalicin, was increased in abundance in the plasma of
G667~ mice compared to that in wild-type mice (Fig. 7A, right).

Consistent with the model of enhanced shedding of GPVI and GPlba in G667/~ mice, the
cell-surface amounts of GPVI and GPlba were both reduced by 64% in a;pB3* G6b-B-
deficient bone marrow cells (fig. S12), and ADAM-10 abundance was increased by 35%
(fig. S12). Concomitantly, we observed a 55% increase in the proportion of P-
selectin*ayuP3* cells in the bone marrow of G657/~ mice compared to that in wild-type
mice, which was suggestive of increased megakaryocyte preactivation (fig. S12), consistent
with enhanced shedding and myelofibrosis (Fig. 7A and fig. S5B).

Ablation of GPVI and CLEC-2 partially rescues macrothrombocytopenia in G6b™~ mice

To test the hypothesis that tonic GPVI and CLEC-2 signaling was the underlying cause of
macrothrombocytopenia in G657/~ mice, we generated G6band Gp6 double-knockout
(DKO) mice and ablated CLEC-2 through antibody-induced down-regulation (41). Platelet
counts and volumes were normal in Gp6~'~ mice (Fig. 7B and table S2), as expected (42).
Platelets counts were 54% higher in G66/Gp6 DKO mice (Fig. 7B and table S2) than in
G667~ mice (Fig. 1B and table S1), and cell-surface glycoprotein abundance was normal in
G6b/Gp6 DKO platelets, except for the ay integrin subunit, which was reduced (fig. S13),
demonstrating a partial rescue of the platelet phenotype in G66/Gp6 DKO. A further 87%
increase in platelet counts was observed in G6b6/Gp6 DKO mice treated with anti-CLEC-2
antibody compared with that in G66/Gp6 DKO mice treated with IgG isotype control
antibody (Fig. 7C). Platelet counts were made 10 days after antibody injection, when platelet
counts had stabilized after their initial antibody-mediated depletion (figs. S14 and S15), and
the amount of CLEC-2 was still substantially reduced compared to that of control mice (figs.
S14 and S15). These findings demonstrate a further rescue of platelet counts after loss of
CLEC-2.

To circumvent the reduction in GPVI abundance in G6b-B-deficient platelets and to
demonstrate the inhibitory effect of G6b-B on GPVI function, we analyzed platelets from
G6b~Gp6t'~ mice. G657~ Gp6t'~ mice had normal platelet counts and volumes (fig.
S16A); however, platelets from G65*~ Gp6*'~ mice, which had 50% of the normal amounts
of G6b-B and GPVI (fig. S16B), exhibited enhanced reactivity to collagen and CRP
compared with platelets from Gp6*'~ mice (fig. S17), which had 50% GPVI abundance (fig.
S16B). Platelets from G6b4*/~Gp6*'~ mice responded normally to thrombin (fig. S17). These
findings provide evidence that G6b-B is an inhibitor of GPVI-mediated functional responses
in platelets.
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DISCUSSION

Our findings suggest that G6b-B acts as a critical regulator of megakaryocyte function and
platelet production. G6b-B—deficient mice are markedly macrothrombocytopenic and
exhibited a bleeding diathesis because of aberrant platelet production and function. Platelet
counts were substantially reduced in G6b-B—deficient mice compared to those in wild-type
mice as a result of increased platelet turnover. In addition, megakaryocytes from G6b-B-
deficient mice exhibited reductions in integrin-mediated functions and proplatelet formation.
Several lines of evidence point to G6b-B being an inhibitor of megakaryocytes in the bone
marrow, including the enhanced GPVI and GPlba shedding and enhanced platelet reactivity
to anti—-CLEC-2 antibody in G667~ mice. In addition, platelets from G665~ Gp6~ mice
responded better to CRP and collagen than did platelets from Gp6*~ mice. However, tonic
GPVI and CLEC-2 signaling does not fully explain the macrothrombocytopenia in G657/~
mice. A similar phenotype is not observed in mice lacking other megakaryocyte or platelet
ITIM-containing receptors, namely, PECAM-1 (6, 43, 44), CEACAML (7), TLT-1 (8), and
LAIR-1 (45), demonstrating the distinct functional role of G6b-B in megakaryocytes and
platelets.

The cause of the severe macrothrombocytopenia in G667/~ mice was a combination of
enhanced platelet clearance and reduced platelet production. Enhanced platelet clearance
was a result of antibody-dependent and antibody-independent mechanisms, similar to that
seen in Wiskott-Aldrich syndrome protein (WASp) and WASp-interacting protein (WIP)
deficiencies in humans and mice (46, 47). WIP-deficient mice are concomitantly WASp-
deficient and develop platelet-associated IgA, which normalizes platelet survival and
diminishes GPVI-mediated responses (47). Here, we demonstrated that G6b-B—deficient
mice also developed platelet-associated Igs, which likely target defective platelets for
destruction by the mononuclear phagocyte system. We suspect that platelet-associated
antibodies recognize aberrantly folded or glycosylated glycoproteins on the platelet surface.
The presence of both IgM and 1gG on the surface of G6b-B—deficient platelets suggests the
existence of acute and prolonged immune responses, respectively.

We identified several antibody-independent causes of macrothrombocytopenia in G667/~
mice, including reduced GPIba abundance, integrin-mediated functional responses, and
proplatelet formation. We do not believe that reduced GPIba abundance is the underlying
cause of the defect because GPIba amounts were only marginally reduced in G6b-B—
deficient megakaryocytes as a result of enhanced shedding. More likely explanations are
aberrant integrin-mediated functional responses, signaling defects, and reduced proplatelet
formation, all of which have been associated with abnormal platelet counts (30, 32, 33, 48,
49). According to the current model of platelet production, megakaryocyte progenitors must
migrate from the osteoblastic niche to the vascular niche, where they extend proplatelets into
the vascular lumen, and then release platelets into the circulation (50). The migration
process is dependent on the integrin apP3 and its associated signaling pathway (33, 48).
G6b-B-deficient megakaryocytes exhibited substantial reductions in integrin-mediated
spreading and proplatelet formation in vitro. We suspect that the reduction in proplatelet
formation was a result of aberrant signaling regulating microtubule extension and actin-
mediated branching, possibly at the level of small guanosine triphosphatases and actin-
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associated mediators of cytoskeletal remodeling (51). The defect in proplatelet formation
does not seem to be a result of a developmental defect because ploidy, a; B3 abundance, and
Tpo-mediated ERK1/2 activation were normal in G6b-B—deficient megakaryocytes, despite
having a reduction in SFK activation.

Ablation of the activation receptors GPVI and CLEC-2 partially rescued the
thrombocytopenia in G6b-B—deficient mice, which suggests that tonic signaling through
these receptors contributes to this phenotype. This is consistent with our model in which
G6b-B is an inhibitor of GPVI and CLEC-2 signaling and maintains megakaryocytes and
platelets in an inactive state. Thus, megakaryocytes and platelets would be more prone to
preactivation in the absence of G6b-B, resulting in megakaryocytes remaining in the
osteoblastic niche and releasing fewer platelets into the circulation. This idea was supported
by our observation of increased numbers of P-selectin—positive megakaryocytes in the bone
marrow of G6b-B-deficient mice compared to those of wild-type mice, leading to
megakaryocyte-mediated bone marrow destruction and myelofibrosis. Increased ADAM-10
amounts may act as a mechanism to suppress activation signals in megakaryocytes and
platelets. GPVI shedding normally takes place after platelet activation and is mediated by
the metalloproteinases ADAM-10 and ADAM-17 (24, 25). ADAM-17 also mediates the
constitutive and regulated shedding of GPIba (52). We suspect that preactivated and
defective platelets are being rapidly cleared from the circulation.

The bleeding diathesis exhibited by G647/~ mice was a result not only of reduced platelet
counts but also of reduced platelet reactivity to collagen and thrombin. The reduced
reactivity to collagen was primarily due to down-regulation of the GPVI-FcR y-chain and
apfq integrin; however, the cause of the reduced thrombin reactivity remains undefined. We
speculate that this may have been due to down-regulation of the thrombin receptor PAR-4,
reduced receptor signaling, or reduced secretion of the secondary mediators ADP and TxA,.
Further investigation is required to elucidate the exact cause of this defect.

The enhanced phosphorylation of Syk in resting G6b-B—deficient platelets suggested that
they were primed for activation. Despite the enhanced phosphorylation of Syk under resting
conditions, the extent of phosphorylation was reduced in collagen-stimulated platelets,
consistent with reduced amounts of GPVI-FcR y-chain and a; integrin. Not surprisingly, the
extent of PLC-y2 phosphorylation downstream of Syk was also reduced. Although we could
not detect phosphorylated linker of activated T cells (LAT) in resting platelets, we found a
band corresponding to the molecular mass of LAT that was reduced in phosphorylation in
collagen-stimulated G6b-B—deficient platelets. However, SFKs, which lie upstream of Syk
and regulate its activity and compartmentalization, were phosphorylated to the same extent
in control and G6b-B—deficient platelets. On the basis of these findings, we hypothesize that
G6b-B directly regulates Syk activity or a Syk-docking site at the plasma membrane. We
believe that it does so by maintaining active Shpl and Shp2 at the plasma membrane. It is
well established that simultaneous occupancy of both SH2 domains of Shp2 with ligands
containing tandem phosphotyrosine residues increases Shp2 activity (53-56). Structural and
enzymological similarities between Shpl and Shp2 suggest that Shpl is regulated in an
analogous manner (57, 58). The Syk-docking site that we hypothesize is dephosphorylated
by G6b-B-associated Shpl and Shp2 does not seem to be the ITAM-containing FCcR y-chain
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but rather the hemITAM-containing CLEC-2 receptor. This would also explain the
hyperreactivity of G6b-B—deficient platelets to antibody-mediated CLEC-2 activation.

In conclusion, we suggest that G6b-B is a major regulator of megakaryocyte function and
platelet production, and that its absence results in a complex phenotype that includes
macrothrombocytopenia and a platelet-based bleeding diathesis. Investigation of G6b-B
should be extended to human patients with inherited thrombocytopenias and platelet-based
bleeding disorders, a substantial proportion of which are unclassified.

MATERIALS AND METHODS

Mice

Antibodies

Chemicals

G6619%/floX mice were generated on a C57BL/6 background by TaconicArtemis as outlined
in fig. S4. G6b constitutive knockout mice were generated by crossing G661¥/flox mice (in
which exons 1 to 6 are flanked by /oxPsites) with Gt(ROSA)26So/™18(Cre)Arte knock-in
mice. GPVI-deficient (Gp6/~) mice on a C57BL/6 background were provided by J. Ware
(University of Arkansas) (42). G6b-B/GPVI DKO mice were generated by crossing G667/~
mice with Gp6~~ mice. All procedures were undertaken with the U.K. Home Office
approval in accordance with the Animals (Scientific Procedures) Act of 1986.

Rabbit polyclonal antibody against mouse G6b-B was raised against the cytoplasmic tail of
mouse G6b-B (Eurogentec). Rat anti-mouse G6b-B monoclonal antibody was raised against
a mouse G6b-B extracellular domain Fc fusion protein (Biogenes). Rabbit anti-mouse GPVI
polyclonal antibody was raised against the cytoplasmic tail of mouse GPVI.
Carboxyfluorescein-conjugated monoclonal anti-mouse ADAM-10 antibody was from R&D
Systems. Anti-pERK1/2 (Thr202/Tyr204) and anti-ERK1/2 antibodies were from Santa Cruz
Biotechnology. All other antibodies were sourced as previously described (9, 30, 33, 48, 59).

All reagents were sourced as previously described (9, 30, 33, 48, 59).

Preparation and culture of mouse megakaryocytes

Mature megakaryocytes from mouse bone marrow were defined as the population of cells
generated with the methodology previously described (33, 60, 61).

Measurement of platelet half-life

Platelet half-life was measured as previously described (21, 62). Whole blood was collected
from mice at various times after they were subjected to intravenous injection with 150 ul of
biotin- A-hydroxysuccinimide (4 mg/ml) in buffer containing 10% fetal bovine serum and 5
mM EDTA, which biotinylates primary amines in surface glycoproteins. Platelets were
stained with fluorescein isothiocyanate (FITC)—conjugated anti-mouse ay B3 antibody and
streptavidin-phycoerythrin (PE) for 1 hour on ice, and the percentage of biotin-labeled
aypPs* platelets was measured by flow cytometry.
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Immune thrombocytopenia

Thrombocytopenia was induced in 8- to 12-week-old G66*'* and G667/~ mice by
intraperitoneal injection of anti-mouse GPlba antibody (2 pg/g weight of mouse), as
previously described (59).

Antibody-mediated CLEC-2 depletion

Eight- to 12-week-old G66** Gp6*'* and G6b~/~Gp6~'~ mice were given an intravenous
injection of anti-mouse CLEC-2 antibody (INU-1, 8 ug/g weight of mouse) or the same dose
of rat 1IgG1 isotype control antibody, as previously described (41). Blood samples were
collected 0 to 10 days after injection. Platelet counts and volumes were measured with an
ABX Pentra 60 Hematology Analyzer (Block Scientific Inc.), and surface CLEC-2
abundance was measured by flow cytometry.

Immunohistochemistry

Femora and spleens from G66** and G667/~ mice were fixed in buffered formalin and
embedded in paraffin. Sections (5 um) were stained by hematoxylin and eosin and then
examined with a Zeiss Axiovert 200 inverted high-end microscope.

Analysis of megakaryocyte surface glycoprotein abundance and ploidy

Bone marrow cells flushed from the femora and tibia of mice were double-stained with
FITC-anti-GPVI and PE-anti-a,, antibodies and quantified by flow cytometry. Surface
amounts of ap, GPIba, GPVI, and a; integrin were measured on cultured bone marrow—
derived megakaryocytes by flow cytometry with FITC-conjugated primary antibodies. The
DNA ploidy of mature megakaryocytes isolated by BSA gradient was analyzed after anti-
ayp Staining and DNA staining with propidium iodide (10 pg/ml). Cells positive for a,p
were gated to analyze DNA content.

Megakaryocyte spreading and proplatelet formation

Mature megakaryocytes were plated on fibrinogen-, fibronectin-, or collagen-coated surfaces
at 37°C, and spreading and proplatelet formation were measured at 3 and 5 hours after
plating, respectively, as previously described (30, 33).

Megakaryocyte biochemistry

Whole-cell lysates of megakaryocytes stimulated for 10 min with Tpo (50 ng/ml) as well as
BSA-nonadherent and fibrinogen-adherent megakaryocytes 3 hours after plating were
prepared and analyzed by Western blotting, as previously described (30, 33).

Measurement of serum Tpo concentrations

Serum Tpo concentrations were measured with an ELISA (enzyme-linked immunosorbent
assay)-based assay (R&D Systems), as described by the manufacturer.

Tail bleeding assay

Experiments were performed on 17- to 33-g, litter-matched G66™* and G657/~ mice (aged 8
to 10 weeks), as previously described (59).
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Transmission electron microscopy

Platelet-rich plasma was initially fixed with an equal volume of 0.1% glutaraldehyde in 0.1
M sodium cacodylate buffer. Further sample preparation was performed with a similar
protocol to that previously described (63). Ultrathin sections (70 to 90 nm) were stained with
uranyl acetate and lead citrate and examined with a JEOL 1200EX transmission electron
microscope (Centre for Electron Microscopy, University of Birmingham).

Platelet biochemistry

Whole-cell lysates were prepared from washed human and mouse platelets, and proteins
were subjected to immunoprecipitation and Western blotting analysis as previously
described (64). Washed mouse platelets (5 x 108/ml) were pooled from three to eight G647/~
mice for immunoprecipitation. For deglycosylation experiments, immunoprecipitated
samples were incubated with PNGase F (12500 U/ml; New England BioLabs) for 1 hour at
37°C.

Flow cytometry

Washed mouse platelets (1 x 106) were stained for surface glycoproteins with specific
antibodies and analyzed with a FACSCalibur flow cytometer and CellQuest software
(Becton Dickinson), as previously described (59).

Analysis of platelet aggregation and secretion of ATP

Washed mouse platelets (2 x 108/ml) were analyzed for aggregation and ATP secretion with
a lumi-aggregometer (Chrono-Log), as previously described (59). ADP-sensitive, washed
mouse platelets were prepared as previously described (65).

Platelet spreading

Platelet spreading on a fibrinogen-coated surface was performed and analyzed as previously
described (66).

Platelet adhesion under flow

Anti—coagulated mouse blood [with heparin (5 U/ml) and 40 uM PPACK (Phe-Pro-Arg-
chloromethylketone)] was flowed through collagen-coated (100 pg/ml) glass microslide
capillaries (1 x 0.1 mm) at a shear rate of 1000 s~ for 4 min at 37°C, as previously
described (59). Capillaries were washed for 5 min at 1000 s~ and DIC images were
captured. Cells were also stained with 2 uM DiOCg before flowing, and platelet adhesion
and aggregate formation were imaged in real time.

Statistical analysis

The Mann-Whitney U'test and Student’s #test were used to compare sample means and
determine statistical significance between pairs of samples. A two-way analysis of variance
(ANOVA) was used to compare differences between multiple observations of more than one
variable. £< 0.05 was considered statistically significant in all cases.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. G6b-B—deficient mice are markedly macrothrombocytopenic.
(A) Flow cytometric and Western blotting analysis of G6b-B in mature bone marrow—

derived mouse megakaryocytes (top) and platelets (bottom) from wild-type (G66**),
G6b*~, and G657/~ mice. Representative histograms for four mice of each genotype are
shown. Representative blots from three experiments are shown. (B) Platelet counts (left) and
platelet volumes (right) were determined in mice of the following genotypes: G64*'* (n= 24
mice), G66*~ (n= 10 mice), and G6b™'~ (7= 22 mice). Data are means + SEM. ***p<

0.001.
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Fig. 2. Increased platelet turnover in G6b-B—deficient mice.
(A\) Platelet half-life is reduced in G66~'~ mice. The percentage of biotinylated platelets in

whole blood from age-matched wild-type (G66*'*) and G667/~ mice was quantified daily by
flow cytometry, after injection of biotin- A-hydroxysuccinimide (7= 3 to 5 mice per time
point). Data are means £ SEM. **P< 0.01; ***P< 0.001. (B) G6b-B-deficient platelets

have increased surface 1gG and IgM abundance. Platelets from wild-type (G66**) and
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G667~ mice were double-stained for ay;, and either 1gG (top) or IgM (bottom) and analyzed
by flow cytometry. Representative histograms for four mice of each genotype are shown.
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The percentages of positive cells in each quadrant are shown below each histogram. Data are
means + SEM. ***P< 0.001. (C) Delay in platelet recovery after anti-GPlba antibody—
induced thrombocytopenia in G667/~ mice (7= 3 to 5 mice per time point). Data are means
+ SEM. **P<0.01; ***P< 0.001.
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Fig. 3. Reduced proplatelet formation by G6b-B—deficient megakaryocytes.
(A) Reduced spreading (left) and proplatelet formation (right) of G6b-B—deficient

megakaryocytes. Representative images from four to six mice of each genotype are shown.
Scale bar, 20 um. (B) Surface area, mean proplatelet area, and percentage of megakaryocytes
forming proplatelets were quantified for four to six mice of each genotype. Data are means +
SD. ***P < 0.001. (C) Reduced signaling in G6b-B—deficient megakaryocytes. (Left)
Whole-cell lysates of bovine serum albumin (BSA)-nonadherent and fibrinogen-adherent
(fib) wild-type (G6b**) and G657~ megakaryocytes were analyzed by Western blotting
with antibodies against Src pTyr418, pERK1/2, and total ERK1/2. Representative blots from
three experiments are shown. (Right) Whole-cell lysates of resting () and Tpo-stimulated
(+; 50 ng/ml for 10 min) wild-type (G66*) and G667/~ megakaryocytes were analyzed by
Western blotting with antibodies against Src pTyr*18 pERK1/2 and total ERK1/2.
Representative blots from three experiments are shown.
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Fig. 4. Altered surface glycoprotein abundance in G6b-B—deficient platelets.
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Platelets were double-stained for oy, integrin and GPVI, a, integrin, GPlba, CLEC-2, or
ADAM-10 and were analyzed by flow cytometry. Representative histograms from six mice
for each genotype are shown. The percentages of positive cells in each quadrant are shown

below the histograms. Data are means + SEM. *P< 0.05; **P< 0.01; ***P < 0.001.
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Fig. 5. Aberrant platelet functions in G6b-B-deficient mice.

(A) Aggregation and ATP secretion of washed

platelets (2 x 108/ml) from wild-type

(G6b**) and G667/~ mice were measured by lumi-aggregometry. Agonists and
concentrations are indicated. CRP, collagen-related peptide; Cvx, convulxin. Representative
traces from four to six mice of each genotype are shown. (B) Impaired surface expression of
P-selectin and fibrinogen binding. Surface P-selectin abundance and fibrinogen binding in
response to low and high concentrations of CRP and thrombin were measured by flow

cytometry (=5 mice). Data are means + SD.

*P< 0.05; **P< 0.01; ***P< 0.001. (C)
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Basal and thrombin (0.1 U/ml)-activated platelets from wild-type (G66**) and G667~ mice
were plated on a fibrinogen-coated surface. Representative differential interference contrast
(DIC) and phalloidin-stained images from four mice are shown. Scale bar, 5 um. (D) The
surface area of individual adherent platelets and the percent of platelets forming lamellipodia
were quantified. Data are means + SD. **P< 0.01; ***P< 0.001.
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Fig. 6. Aberrant tyrosine phosphorylation in G6b-B-deficient platelets.

(A) The extent of phosphorylation of Syk is enhanced in resting G6b-B-deficient platelets.
Representative Western blot (IB) of Syk immunoprepitated (IP) from resting wild-type
(G66*) and G667/~ platelets and analyzed with an anti-pTyr antibody. Membranes were
then stripped and incubated with an anti-Syk antibody. Quantification of band intensities of
pTyr-Syk and coimmunoprecipitated (co-IP) pTyr-FcR y-chain is shown in the bar charts.
Data are the means + SD from four experiments, normalized to the loading control. *P<
0.05. (B) Representative Western blot of whole-cell lysates from resting wild-type (G66*')
and G647/~ platelets analyzed with an anti-Syk pTyr°19/520 antibody. Membranes were
stripped and then incubated with an anti-Syk antibody. Quantification of band intensities of
Syk pTyr>19/520 from four experiments, normalized to the loading control; data are presented
in the bar graph as means + SD. *P < 0.05. (C) Representative Western blot of the FcR -
chain immunoprecipitated from resting wild-type (G64*'*) and G657/~ platelets and
analyzed with an anti-pTyr antibody. Membranes were then stripped and incubated with an
anti-FcR y-chain antibody. Quantification of band intensities of FCR y-chain is shown in the
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bar graph chart. Data are mean + SD from four experiments, normalized to the loading
control.
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Fig. 7. Ablation of GPVI and CLEC-2 partially rescues macrothrombocytopenia in G6b-B—
deficient mice.

(A) Enhanced GPVI and GPlba shedding in G6b-B—deficient mice.(Left) Platelet lysates
from wild-type (G66*'*) and G667/~ mice were analyzed by Western blotting (1B) with anti—
GPVI cytoplasmic tail (GPVI tail antibody). Full-length GPVI (intact GPVI) and the
sheddase-generated C-terminal tail (GPVI tail) are indicated. Representative blots are from
four to six mice of each genotype. (Middle) Platelet lysates were analyzed by Western
blotting with antibodies against the FCR y-chain and actin. Representative blots are from
four to six mice of each genotype, and quantification of FcR y-chain is shown in the
bargraph. Data are means + SD. *P < 0.05. (Right) Representative Western blots showing
glycocalicin in plasma from wild-type (G64"*) and G667~ mice. Blots were then stripped
and analyzed for fibrinogen. Quantification of glycocalicin [GPIba extracellular region
(GPIba extra.)] from eight mice for each genotype is shown in the bar graph. Data are
means £ SD. *P < 0.05. (B) Partial rescue of platelet counts in G6b6/ Gp6 DKO mice. Platelet
counts (left) and platelet volumes (right) were measured in G64/ Gp6 DKO (G6b™'~Gp6~'-),
GPVI-knockout (G66*Gp67'-), and litter-matched control mice (G66"*Gp6*/*). Data are
from 17 to 32 mice of each genotype and are presented as means + SEM. ***P < 0.001. (C)
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Depletion of CLEC-2 partially rescues reduced platelet counts in G667/~Gp6~/~ mice.
Platelet counts (left) and platelet volumes (right) were measured in mice treated with anti—
CLEC-2 antibody or rat IgG1 isotype control. Data are means + SEM from seven mice of
each genotype. ***P< 0.001.
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Table 1
Surface glycoprotein expression in bone marrow—derived megakaryocytes.

Immature megakaryocytes Mature megakaryocytes

Surface

glycoproteins GBb** G6b™- GBb** G6b™~

(mean £ SEM) (n=4) (mean+SEM) (n=4) (meanz+SEM) (n=4-8) (mean*SEM) (n=4-8)
G6b-B 224+0 1.10+0 24+5 2+ 0**
CD34 111+ 24 153+2.2 63+9 77+8
aypPs integrin 93.50 + 15.60 94.15 + 10.30 270 £ 29 275+ 34
GPVI 490+0.9 512 +1.52 66 + 15 25 £ 10**
ay integrin 2501 3.55+2.53 32+£2 13 + 2%*
GPlba 4.57 +0.39 5.50 +1.20 889 22 + 10**
ADAM-10 8.62 +0.40 7.68 +0.43 29+%5 50 £ 6**
CLEC-2 4.15+1.50 535+ 1.10 31+2 32+3
**P<0.01.
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Table 2
Surface glycoprotein expression in washed platelets.

G6b*'* G6b'~
Surface
f (mean + SEM) (mean = SEM)
glycoproteins (n=6-13) (n = 7-14)
GPVI 42.00 £ 2.80 6.39 £ 0.87***
ay integrin 3.03+0.23 2.28 +0.22*

appBs integrin - 359.14 +11.44  354.74 + 21.80

GPlba 72.53 + 3.67 60.02 + 3.64
ADAM-10 15.09+1.76 1423 +1.30
CLEC-2 18.48 + 0.66 20.09+0.78

*P<0.05; ***P<0.001.
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