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Abstract

Objective—Thrombosis occurs at sites of vascular injury when platelets adhere to subendothelial
matrix proteins and to each other. Platelets express many surface receptor proteins, the function of
several of these remains poorly characterized. Cadherin 6 is expressed on the platelet surface and
contains an arginine-glycine-aspartic acid motif, suggesting that it might have a supportive role in
thrombus formation. The aim of this study was to characterize the role of cadherin 6 in platelet
function.

Methods and Results—Platelet aggregation was inhibited by both antibodies and exogenous
soluble cadherin 6. Platelet adhesion to immobilized cadherin 6 was inhibited by arginine-glycine-
aspartic acid-serine tetrapeptides. Antibodies to apB3 inhibited platelet adhesion to cadherin 6.
Because platelet aggregation occurs in fibrinogen and von Willebrand factor double-deficient
mice, we investigated whether cadherin 6 is an alternative ligand for the integrin a;pp33. Platelet
aggregation in fibrinogen and von Willebrand factor double-deficient mice was significantly
inhibited by an antibody to cadherin 6. In flow-based assays, inhibition of cadherin 6 caused a
marked reduction in thrombus formation in both human and mouse blood.

Conclusion—This study demonstrates the role of cadherin 6 as a novel ligand for a3 and

highlights its function in thrombus formation.
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Platelet thrombus formation is a dynamic process; the same biological process is also
essential for the maintenance of hemostasis at sites of vascular damage. Platelets bind to von
Willebrand factor (VWF), and through a complex signaling mechanism the integrin receptor
apP3 undergoes a conformational change and binds fibrinogen cross-linking platelets.
Recent evidence in mice lacking both fibrinogen and VWF shows that platelet aggregation
still occurs in vivo and in vitro,12 suggesting the presence of other functional receptors or
apP3 ligands in platelets that mediate aggregation.

Platelets express many different surface receptors whose functions are poorly understood.
We have previously characterized the role of 81 platelet surface receptors in platelet
activation using cell-permeable peptides. Cadherins were first identified on platelets by
Elrod et al.3 Moreover, we have recently demonstrated that a peptide targeting the
intracellular domain of cadherin 6 inhibited platelet aggregation, suggesting a role for this
protein in platelet function.? The cadherins are a superfamily of Ca**-dependent proteins,
which mediate homophilic cell adhesion and play an important role in embryonic
development. They typically consist of 5 tandem extracellular cadherin domains, a
transmembrane spanning segment, and cytoplasmic region. Cadherin 6 is a type 1l classic
cadherin. It is unusual in that it has an arginine-glycine-aspartic acid (RGD) motif in the first
extracellular domain.® The integrin-binding RGD motif is found in fibrinogen and other
ligands of platelet aj,B3, including VWF, vitronectin, and fibronectin.®” Many snake
venoms containing an RGD motif specifically inhibit ligand binding to integrins and are
potent integrin antagonists.8-10

Because our peptide data demonstrated that targeting the intracellular region of cadherin 6
inhibited platelet aggregation and also that cadherin 6 has an RGD motif, we therefore
aimed to characterize the role of cadherin 6 in platelet function. In the present study, we
confirm that cadherin 6 is expressed on the platelet surface and show that blocking cadherin
6 with both monoclonal and polyclonal anti-cadherin 6 antibodies or exogenous protein
inhibits platelet aggregation in both normal blood donors and fibrinogen and VWF double-
deficient (Fg/VVWF =) mice. We demonstrate that platelets adhere to cadherin 6 in an
aipP3-dependent manner. Moreover, we demonstrate that inhibition of cadherin 6 by
antibodies or soluble cadherin 6 protein causes a significant reduction in thrombus formation
in flow-based assays of both human and mouse blood.

Thrombin was purchased from Enzyme Research Laboratories Ltd (Swansea, UK). Mouse
monoclonal anti-human cadherin 6 antibody, clone 2B6, was purchased from Millipore
(Cork, Ireland). A polyclonal anti-human cadherin 6 antibody, derived from sheep
immunized with the whole extracellular domain of cadherin 6, purified recombinant
cadherin 6_IgG fusion protein (Cdh6_IgG), purified placental cadherin_lgG recombinant
fusion protein (P-Cdh_IgG), and vascular endothelial cadherin_IgG fusion protein (VE-
Cdh_lgG) were from R&D Systems (Abingdon, UK). PAC1 and P-selectin antibodies were
from Becton Dickinson (Oxford, UK). Fibrinogen and thrombin receptor activating peptide
(TRAP; SFLLRN-NH>) were purchased from Sigma-Aldrich Ireland (Dublin, Ireland).
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Mouse thrombin receptor activating peptide (TRAP4; AYPGKF-NH,) was purchased from
Peptides International (Louisville, KY). Extended peptide corresponding to the RGD-
containing segment of the first cadherin 6 ectodomain (CDH6_RGD:
YVGKLHSDQDRGDGSLKYILSGD and CDH6_RGE:
YVGKLHSDQDRGEGSLKYILSGD) were purchased from BioBasic (Markham, ON).
DiOC6 dye was purchased from Invitrogen (Burlington, ON). Collagen type | was
purchased from Nycomed Canada, Inc (Oakville, ON).

Fg/VWF-/-mice have been previously described.:11 C57BL/6J mice were purchased from
the Jackson Laboratory (Bar Harbor, ME). Genotypes of all animals were confirmed by
polymerase chain reaction from ear tissue using the REDExtract-N-Amp Tissue polymerase
chain reaction kit as per the manufacturer’s protocol (Sigma, Oakville, ON). Fg/VWF-/-
mice were housed in the research vivarium at St. Michael’s Hospital in Toronto, and all
experimental procedures were approved by the Animal Care Committee.

Platelet Preparation

Gel-filtered human platelets were prepared as previously described.1? Platelet count was
adjusted to 3x108/mL by the addition of an appropriate volume of buffer A (130 mmol/L
NaCl, 10 mmol/L trisodium citrate, 9 mmol/L NaHCO3, 6 mmol/L dextrose, 0.9 mmol/L
MgCly, 0.81 mmol/L KH,POy4, 10 mmol/L Tris, pH7.4) with 1.8 mmol/L CaCl,. Platelet-
rich plasma (PRP) was prepared from human platelets anticoagulated with 3.2% sodium
citrate and centrifuged for 10 minutes at 170g.

Mouse PRP was prepared from Fg/VWF-/- or C57BL/6J mice anesthetized with 15 uL/g of
2.5% tribromoethanol and bled via the retro-orbital plexus using a heparin-coated glass
capillary tube into 3.2% sodium citrate. PRP was obtained by centrifuging anticoagulated
whole blood at 300g for 7 minutes and removing the plasma and buffy coat to a new tube.
Platelet-poor plasma was prepared by centrifugation of PRP at 10 000g for 5 minutes.

Cadherin 6 Expression

Cadherin 6 expression on the surface of human platelets was quantified using the Platelet Gp
Screen kit from Biocytex (Marseille, France) according to the manufacturer’s instructions.
Cadherin 6 in resting platelets or platelets activated with 1 U/mL thrombin was measured
using a sheep polyclonal antibody against cadherin 6 (2 ug/mL). Receptor number was
calculated on the basis of fluorescent intensity according to the kit protocol.

The expression of cadherin 6 on mouse platelets was measured by flow cytometry. PRP was
preincubated with 40 pg/mL of polyclonal sheep anti-cadherin 6 antibody+10 pug/mL
TRAP4. Samples were washed with PBS at 950g and incubated with a 1:100 dilution of
fluorescein isothiocyanate—conjugated anti-sheep antibody for 1 hour at room temperature in
the dark. Samples were washed, diluted with PBS, and analyzed on an FACS can flow
cytometer.
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Total platelet lysate (20 ug) was run on a 10% sodium dodecal sulphate-polyacrylamide gel
electrophoresis gel and transferred onto a polyvinylidene fluoride membrane. Cadherin 6
expression was confirmed by Western blotting with 1 pg/mL sheep anti-cadherin polyclonal
antibody.

Platelet Aggregation Assays

A Bio-Data PAP-4 platelet aggregometer was used to assess the role of cadherin 6 in platelet
aggregation. Gel-filtered platelets were incubated with buffer A, polyclonal sheep anti-
cadherin 6 antibody (50 ug/mL, azide free), sheep IgG isotype control antibody (50 pg/mL),
purified Cdh6_1gG fusion protein (10 pg/mL), or purified P-Cdh_IgG fusion protein (10
pg/mL) for 3 minutes. Both fusion proteins were composed of the extracellular portion of
the respective cadherin molecule fused to the Fc region of human IgG; via a peptide linker
(IEGRMD). TRAP was added to the samples at concentrations that gave submaximal
aggregation (1-2.5 pmol/L), and platelet responses were monitored over 3 minutes. To
exclude an interaction between the fusion proteins and the platelet FcyRIla receptor, the
FcyRlIla blocking antibody, 1V.3 (5 pg/mL), was included in experiments where the
respective Cdh6_lgG or P-Cdh_IgG fusion proteins were used. Aggregations were repeated
in PRP obtained from whole blood anticoagulated with 3.2% sodium citrate. PRP was
incubated for 3 minutes in the presence of buffer A, polyclonal sheep anti-cadherin 6
antibody (50 pg/mL), sheep IgG isotype control antibody (50 pg/mL), purified Cdh6_IgG
fusion protein (10 pg/mL), or purified P-Cdh_lgG fusion protein (10 pg/mL), then
stimulated with 2 umol/L ADP and the platelet response measured for a further 3 minutes.
The effect of the monoclonal anti-cadherin 6 antibody, clone 2B6, on platelet aggregation in
response to ristocetin, collagen and TRAP was also investigated.

Platelet aggregation with Fg/VWF-/— mice was performed at 37°C as previously
described.213 PRP was mixed with autologous platelet-poor plasma to a final concentration
of 3x108 platelets per mL and aggregation induced with either 100 or 250 pmol/L TRAP4
(AYPGKF-NH,) in the presence of 1 mmol/L Ca**. Where indicated, PRP was coincubated
with 50 pg/mL of polyclonal sheep anti-cadherin 6 antibody.

Platelet Adhesion Assays

Platelet adhesion to fibrinogen, cadherin 6, VE-cadherin, and P-cadherin was measured
using a static adhesion assay. A 96-well plate was coated overnight with 1 pg/mL purified
Cdh6é_I1gG fusion protein, VE-Cdh_IgG, P-Cdh_IgG, or 20 ug/mL fibrinogen. VE-cadherin
is a type Il cadherin, which also contains an RGD motif, albeit in the second cadherin
ectodomain. P-cadherin is a type | cadherin that does not contain an RGD sequence. The
plate was blocked for 2 hours with 1% BSA, washed with buffer A containing 1.8 mmol/L
CaCls,, and gel-filtered platelets at a final concentration of 2x108/mL were allowed to adhere
to the wells for 30 minutes at 37°C. To determine whether platelet adhesion to cadherin 6
can be inhibited by RGD peptides, platelets were incubated with either arginine-glycine-
aspartic acid-serine (RGDS) peptide (100 pmol/L) or arginine-glycine-glutamate-serine
peptide for 3 minutes before addition to the plate. To further determine whether there was an
interaction between cadherin 6 and a,jpB3, platelets were incubated with the anti-aj,B3
antibodies, SZ21 and abciximab, or an anti-GPlba antibody, WM23, for 3 minutes and then
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added to the plate. The wells were gently washed to remove nonadherent platelets. Adherent
platelets were determined using an acid phosphatase assay by incubating with 10 umol/L p-
nitrophenylphosphate (Pierce, Rockford, IL), 100 mmol/L sodium acetate (Sigma, Dublin),
and 0.1% Triton X-100 (Sigma, Dublin) for 1 hour at 37°C. Absorbance was measured on a
Wallac VICTOR2 V Multilabel Counter (Perkin Elmer, Wellesley, MA) at 405 nm.

PAC1 Binding Assay

PACL is an antibody that binds to a;;pp3 when platelets are activated and the integrin has
undergone a conformational change where it can now bind fibrinogen. To determine
whether recombinant cadherin 6 could compete with PACL1 for a3 binding sites, PRP
was incubated for 15 minutes in the presence of fluorescein isothiocyanate-labeled PAC1
antibody with 10 ug/mL Cdh6é_IgG, PECAM _IgG, monomelic 1gG, or buffer and 2 uM
ADP. To determine whether the protein caused platelet activation, PRP was incubated with
Cdh6_IgG and then assayed for P-selectin expression, a marker for platelet activation.
Samples were diluted with fresh PBS and median fluorescent intensity read on a Becton
Dickinson FACSCalibur flow cytometer.

Peptide Adhesion Assays

Gel-filtered murine and human platelets (2x 108 per mL) were allowed to adhere for 90
minutes at 37°C to slides that had been coated overnight with 20 ug/mL fibrinogen, 2 pg/mL
Cdh6é_IgG, or 25 ug/mL custom synthetic peptides (CDH6_RGD and CDH6_RGE)
followed by blocking with 4% BSA. Slides were washed with Tyrode buffer. Adherent
platelets were counted using a Zeiss Axiovert 135-inverted microscope (60xW objective;
Zeiss, Oberkichen, Germany) under bright field.

Perfusion Flow Assays

Rectangular (0.1x1mm) glass capillary microslides (VitroCom, Mountain Lakes, NJ) were
coated with 100 pg/mL collagen type | at room temperature for 2 hours followed by
blocking with 4% BSA at room temperature for 30 minutes before perfusion flow. Where
indicated, heparinized whole blood from healthy humans or wild-type (WT) mice was
preincubated with 50 pg/mL of polyclonal sheep anti-cadherin 6 antibody, Cdh6_IgG, or
polyclonal sheep immunoglobulins for 10 minutes at 37°C prior to perfusion flow. Perfusion
was performed as indicated using a syringe pump (Harvard Apparatus, Holliston, MA)
followed by washout with Tyrode buffer. Perfusion flow was recorded and images taken
using a Zeiss Axiovert 135-inverted microscope (60xW objective; Zeiss) under bright field
and a Hamamatsu C4200 CCD camera (Hamamatsu Photonics, Bridgewater, NJ). Surface
coverage and thrombus size were calculated from microscope images using ImageJ
software. After flow, microslides were fixed with 4% paraformaldehyde and labeled with 1
mmol/l DiIOC6 for 1 hour before being rinsed with PBS and imaged using a CARV confocal
microscope (Atto Bioscience, Rockville, MD) and an IBM IntelliStation Z Pro computer.
Thrombus volume was calculated using the Slidebook program.
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Statistical Analysis

Results

Data are presented as mean=SD. Statistical significance was assessed by either Student
unpaired t test or 1-way ANOVA with Bonferroni-type correction where warranted.

Cadherin 6 Is Expressed on Platelets

The presence of cadherin 6 was examined by Western blot analysis in total platelet lysates
obtained from 3 different healthy donors (Figure 1A). We next determined the number of
cadherin 6 molecules present on the platelet surface by flow cytometry.14 An average count
of 1600+£500 molecules per platelet was obtained in resting platelets from 5 different donors.
This increased to 3200+900 molecules after thrombin stimulation (Figure 1B).
Fluorescence-activated cell sorter analysis confirmed the expression of cadherin 6 on murine
platelets (data not shown).

Antibodies and Protein to Cadherin 6 Inhibit Platelet Aggregation

The cadherins have a role in cell adhesion. We therefore explored the role of cadherin 6 in
platelet aggregation. A polyclonal antibody directed against the full-length extracellular
portion of the protein inhibited low-dose TRAP-induced platelet aggregation in gel-filtered
platelets (Figure 2A). The polyclonal antibody also inhibited ADP-induced aggregation in
PRP (Table). A mouse monoclonal anti-human cadherin 6 antibody, clone 2B6, also
inhibited platelet aggregation induced by collagen and ristocetin (Table).

We also investigated the effect of exogenous recombinant cadherin 6 protein on platelet
aggregation. Gel-filtered platelets were incubated in the presence of buffer alone, purified
Cdh6_IgG protein (10 pg/mL), or a control purified P-Cdh_ 1gG protein (10 pg/mL) for 3
minutes. P-cadherin has 65% homology to cadherin 6 but, unlike cadherin 6, does not
contain an RGD motif. Aggregation was induced by low-dose TRAP, and the platelet
response was monitored for a further 3 minutes. Cadherin 6 fusion protein significantly
inhibited platelet aggregation to TRAP whereas P-cadherin had no inhibitory effect (Figure
2B). Inclusion of the FcyRIla blocking antibody, 1V.3, had no effect on the levels of
aggregation obtained (data not shown), ruling out cross-linking between the 1gG fusion
proteins and FcyRlla as a confounder. ADP-induced aggregation in PRP was also
significantly inhibited by Cdh6_IgG (Table).

Previous work within our group had shown that platelets from Fg/VWF-/- mice aggregate
and form occlusive thrombi. We examined the effect of a cadherin 6 antibody on platelet
aggregation using Fg/VWF-/- platelets. Aggregation induced by 100 umol/L TRAP4
(AYPGKF-NHoy) in PRP from Fg/VWF-/- mice was significantly inhibited by the anti-
cadherin 6 antibody (P=0.0001) (Figure 2C).

Characterization of Platelet Adhesion to Immobilized Cadherin 6

To determine whether platelets could adhere to cadherins, 96-well plates were coated with
Cdh6é_IgG, VE-Cdh_lgG, and P-Cdh_IgG, respectively. Platelet adhesion to wells coated
with 1 pg/mL Cdh6_lgG protein was similar to platelet adhesion to wells coated with 20
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pg/mL fibrinogen (adhesion was normalized by expressing it as a percentage of resting
platelets adhering to cadherin 6—coated wells). There was 40% less adhesion of platelets to
VE-Cdh_IgG, a type Il cadherin that also contains an RGD motif. A significant decrease
was observed in the number of platelets adhering to P-Cdh_IgG, a type | cadherin with no
RGD motif, or to BSA-coated wells. Preincubating platelets with exogenous Cdh6_IgG
abrogated adhesion to fibrinogen, indicating that Cdh6 and fibrinogen cross-compete for the
same or an overlapping binding site (Figure 3A).

Cadherin 6 contains an RGD motif in the first cadherin domain. To examine the role of this
motif in platelet adhesion to cadherin 6, gel-filtered platelets were incubated with the
tetrapeptides RGDS or arginine-glycine-glutamate-serine and allowed to adhere to
immobilized Cdh6_1gG. The peptide RGDS (100 umol/L) significantly inhibited platelet
adhesion to cadherin 6. In contrast, the control peptide arginine-glycine-glutamate-serine
had no effect on platelet adhesion to cadherin 6 (Figure 3B). Because the RGD peptides
inhibit platelet adhesion to cadherin 6, we investigated the potential of platelet cadherin 6 to
interact with aypP3. Platelets were incubated with antibodies (SZ21 or abciximab) that
inhibit ligand binding to apP3. In the presence of a,j,P3 blocking antibodies, platelet
adhesion to cadherin 6 was significantly inhibited (P=0.0009). In contrast, WM23, an
antibody to GPlba, did not inhibit platelet adhesion to cadherin 6 (Figure 3C).

To further characterize the interaction between cadherin 6 and a B3, platelets were
incubated with PAC1 alone or PAC1 with Cdh6_lgG, PECAM_1gG, or monomeric human
1gG (10 pg/mL) and activated with 2 umol/L ADP. Median fluorescent intensity of the
fluorescein isothiocyanate-labeled PAC1 was measured by flow cytometry. The presence of
Cdh6_lgG caused a significant reduction in median fluorescent intensity (P<0.01, 2-tailed t
test) compared with PAC1 alone (Figure 3D) demonstrating that excess cadherin 6 inhibits
PACL binding to aypB3. The reduced level of PAC-1 binding was not due to inhibition of
platelet activation as the presence of excess cadherin 6 protein had no effect on P-selectin
binding (data not shown).

Because platelets adhere to immobilized cadherin 6 and this interaction is inhibited by both
RGDS peptides (Figure 3B) and antibodies to B3 integrin (Figure 3C), we investigated
whether the RGD site on cadherin 6 could directly mediate platelet adhesion. Glass slides
were coated with extended peptides corresponding to the RGD-containing region of the first
extracellular domain of cadherin 6 (AA 73-95), with either the RGD sequence intact
(CDH6_RGD: YVGKLHSDQDRGDGSLKYILSGD) or mutated to RGE (CHD6_RGE:
YVGKLHSDQDRGEGSLKYILSGD). Cdh6_ IgG and fibrinogen were used as controls.
Both human and mouse platelets adhered to CDH6_RGD, although to a lesser extent than
the intact cadherin 6 extracellular region. Adhesion to CDH6_RGE was significantly
reduced, indicating that the RGD-containing domain of cadherin 6 could independently
support platelet adhesion and that the RGD sequence was presented in such a way as to be
recognized by the platelet. However, this does not exclude the possibility that additional
sites within the full-length cadherin 6 molecule may contribute to the apBs/cadherin 6
interaction (Figure 4).
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Cadherin 6 Is Required for Stable Thrombus Formation Under Flow

We investigated the role of cadherin 6 in thrombus formation. Platelets from healthy human
donors and WT mice were assayed for their ability to form thrombi on collagen-coated
surfaces in a whole blood perfusion system at a shear rate of 600 per inverse second. In both
human and WT murine samples, treatment of anticoagulated whole blood with an anti-
cadherin 6 antibody or with exogenous Cdh6_lgG fusion protein resulted in significantly
smaller thrombi compared with control platelets treated with sheep 1gG. The antibody
caused an 86% reduction in thrombus volume in human blood and an 84% decrease in
thrombus volume in WT mice (P<0.0001). The Cdh6_IgG fusion protein also significantly
inhibited thrombus volume compared with control samples (P<0.0001). Thus, blockade of
surface cadherin 6 with a polyclonal antibody or competition via soluble Cdh6_lgG fusion
protein resulted in decreased thrombus formation, which is consistent with a supportive role
of cadherin 6 in normal platelet function and aggregation (Figure 5). The ability of cadherin
6 to inhibit thrombus formation in Fg/VWF-/- mice was confirmed by intravital
microscopy of mice treated with the CDH6_RGD peptide (online-only Data Supplement).

Discussion

In the present study, we have shown that cadherin 6 is present in platelets and has a
supportive role in platelet adhesion aggregation and thrombus formation. Our results
demonstrate that cadherin 6 interacts with the platelet integrin a3, as blockade of a3
with the antibodies SZ21 or abciximab inhibited platelet adhesion to cadherin 6. Previously
published data from mice lacking both fibrinogen and VWF has suggested the presence of
other unkown ligands on platelets that could interact with ajp3 21° Our results demonstrate
an interaction between cadherin 6 and a;B3. We have shown that an anti-cadherin 6
antibody inhibits TRAP4-induced aggregation in the Fg/VVWF-/- mice. A peptide
corresponding to the first extracellular domain of cadherin 6 caused a significant increase in
the time to vessel occlusion in vivo in the double knock-out mouse model. The cadherin 6
antibody or an excess of the extracellular domain of the protein caused a significant
reduction in thrombus size and volume when blood from healthy human donors or WT mice
was perfused over collagen.

Our study has many limitations. We have shown that the number of cadherin 6 receptors on
the platelet surface increases with thrombin activation; however, we cannot state definitively
whether this is due to an internal store of the protein or not. Cell surface expression of many
platelet plasma membrane glycoproteins increases 30% to 40% upon platelet activation due
to externalization of the open canalicular system, which is inaccessible to antibody staining
by fluorescence-activated cell sorter.18 Similarly, the results of our aggregation studies with
a range of diverse platelet agonists suggest that cadherin 6 is involved in several different
platelet signaling pathways. Whether the mechanisms of action of cadherin 6 on platelet
signaling pathways is similar to 3 phosphorylation by CD40L,17 or whether cadherin 6 is
directly involved in the formation of platelet-to-platelet bridges remains to be seen and
warrants further investigation.

In addition to their homophilic binding properties, cadherins are involved in heterophilic
adhesion with other cadherin family members, inhibitory receptors, and integrins. E-, N-,
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and R-cadherin are known to be ligands for the inhibitory receptor KLRG1.18-20 E-cadherin
binds to 2 members of the integrin family, aEB7 and a2p1.21-25 |n the protocadherins, an
RGD motif has been identified in the first extracellular domain of the mammalian
protocadherin-a family members. Heterophilic cell adhesion has been observed between
protocadherin-a4 and the B1 integrin subunit, mediated by the RGD motif.2% 27 Our results
confirm the ability of the cadherins to interact in a heterophilic manner with the platelet
integrin a;;pP3. An RGDS peptide inhibited platelet adhesion to cadherin 6, suggesting a role
for the RGD motif on the first extracellular domain in platelet adhesion to cadherin 6. The
peptide caused 1.5-fold more inhibition than the a B3 blocking antibody SZ21. Platelet
adhesion to cadherin 6 most likely occurs via both homophilic cadherin/cadherin and
heterophilic cadherin 6/ay B3 interactions. SZ21 can block this heterophilic interaction, with
RGDS potentially able to prevent both homophilic and heterophilic adhesion. This is
supported by the ability of platelets to adhere to the extended CHD6_RGD peptide but not
CDH6_RGE. Neither the antibodies against aj,33 nor the RGDS peptide were able to
completely inhibit platelet adhesion to immobilized Cdh6_1gG. This may in part be
explained by cadherin/cadherin homophilic adhesion. Both Harrison et al?8 and Katsamba et
al?® have previously described the strong affinity of cadherin 6 homophilic interactions, with
a Kp of 3.13 umol/L in comparison with 25.8 umol/L and 96.5 pmol/L for N-cadherin and
E-cadherin, respectively.

There are many inbuilt compensatory mechanisms that allow platelets to maintain
hemostasis. Glycoprotein VI, asp1, VWF, and GPIb-XI-V act synergistically with both
collagen and laminin to promote platelet adhesion at high shear flow.30 This redundant
mechanism of platelet adhesion may increase the probability of stopping bleeding at sites of
vascular damage, where either of the 2 extracellular matrix proteins might be exposed.
Recent work within our own group has shown that platelet aggregation can occur
independently of fibrinogen and VWF,1-2 pointing to intrinsic compensatory mechanisms in
hemostasis and thrombosis. Subsequently, analysis of platelets from a triple knock-out
mouse lacking fibrinogen, VWF, and plasma fibronectin showed enhanced aggregation in
PRP and gel-filtered platelets.31:32 Aggregation was inhibited by the addition of antisera
against the integrin B3 subunit, indicating that B3 is essential for platelet aggregation and that
there must be additional ligands for apB3. Our results suggest that cadherin 6 is 1 ligand
that can partially explain these results. In Fg/VWF-/- mice, we have been able to inhibit
aggregation induced by low-dose TRAP4 by blocking cadherin 6 with an anti-cadherin 6—
specific antibody. At higher concentrations of agonist, we were able to overcome the effect
of blocking cadherin 6. This may be due to the presence of other as yet unidentified ligands
for aypBs.

In summary, we have demonstrated that the platelet-expressed receptor cadherin 6 has a
functional role in platelet aggregation and thrombus formation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cadherin 6 is present on platelets. A, Total platelet lysate from 3 different donors was
analyzed by Western blot for the presence of cadherin 6 using a sheep polyclonal antibody
against cadherin 6. Lane 1, Cdh6_IgG; lane 2, sheep IgG; lane 3, human IgG; lanes 4-6,
total platelet lysate. Cdh6_IgG is composed of the extracellular portion of cadherin 6 fused
to the Fc domain of human IgG and therefore has a higher molecular weight than the native
protein. B, Platelets were incubated with a polyclonal antibody and analyzed by flow
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cytometry to confirm the presence of cadherin 6 on the platelet surface. Cdh6_lgG indicates
cadherin 6_IgG fusion protein.
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Figure 2.
Platelet aggregation is inhibited by an antibody against cadherin 6 and an excess of cadherin

6 protein. A, A polyclonal antibody against cadherin 6 significantly inhibits thrombin
receptor activating peptide (TRAP)-induced platelet aggregation in gel-filtered platelets
(P<0.0001) (n=15). B, 10 pg/mL Cdh6_lgG fusion protein inhibits TRAP-induced
aggregation in gel-filtered platelets (P<0.0001). The P-Cdh_IgG control fusion protein had
no effect (n=5). C, 3x108 platelets per mL from Fg/\VVWF—/- platelet-rich protein were
stimulated by either 100 or 250 mmol/L TRAP4. Coincubation of anti-cadherin 6 resulted in
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decreased platelet aggregation in response to 100 mmol/L TRAP4. Fg/VWF-/- indicates
fibrinogen and von Willebrand factor double-deficient mice; Cdh6_lgG, cadherin 6_1gG
fusion protein; and P-Cdh_lgG, placental cadherin_lgG recombinant fusion protein.
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Platelet adhesion to immobilized cadherin 6 is allpp3 dependent. A, Platelets adhere to 1
ug/mL cadherin 6, 20 pg/mL fibrinogen, and 1 ug/ml VE-Cdh. Adhesion to 1 pg/mL P-Cdh
or 10 pg/mL BSA is greatly reduced in comparison with Cdh6_1gG. B, RGDS peptides
inhibit platelet adhesion to immobilized cadherin 6 (P<0.005), n=3. C, Antibodies to
integrin allpPs inhibit platelet adhesion to cadherin 6 (P<0.005), n=7. D, Cdh6_IgG inhibits
PAC1 binding to allyfs. VE-Cdh indicates vascular endothelial cadherin; P-Cdh, placental
cadherin; Cdh6_1gG, cadherin 6_IgG fusion protein.
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Figure4.
Platelets adhere to the RGD motif presented as part of an extended cadherin 6 (Cdh6)

sequence. Platelets from healthy human donors (A) and wild-type mice (B) adhered to glass
slides coated with a peptide corresponding to Cdh6 amino acids 73-95, containing the Cdh6
RGD motif. Mutating the RGD to RGE abrogated platelet adhesion. RGD indicates
arginine-glycine-aspartic acid.
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Cadherin 6 contributes to platelet-rich thrombus formation at moderate shear. Whole blood
from healthy human donors or wild-type mice treated with an anti-cadherin 6 antibody or
Cdh6_I1gG and perfused at 600 per inverse second over collagen. Cadherin 6 treatment
caused a significant reduction in thrombus size, thrombus volume, and surface area covered
by thrombi as assessed by confocal microscopy (P<0.0001). Cdh6_IgG indicates cadherin
6_1gG fusion protein.
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