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Targeting the anionic region of human protease activated
receptor 4 (PAR4) inhibits platelet aggregation and thrombosis
without interfering with hemostasis
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Summary

Background—Human platelet activation and aggregation is a complex process. To date, many
therapies have been developed targeting proteins that mediate this process to prevent unwanted
activation. However, the current standard of care for acute coronary syndromes still has limitations
including bleeding risk.

Objective—The aim of the current study is to evaluate the PAR4 anionic cluster as a viable
antiplatelet target using a polyclonal antibody (CAN12).

Methods—We used western blotting, aggregation, and secretion ex vivo to evaluate the ability of
CANZ12 to interact with PAR4 and inhibit platelet activation. The effects of CAN12 in vivo were
evaluated with the Rose Bengal arterial thrombosis model and two models of hemostasis.

Results—We show that CAN12 is able to interact with human PAR4 and delay PAR4 cleavage.
In addition, CAN12 inhibits thrombin induced human platelet aggregation and secretion in a dose
dependent manner. We next determined that the specificity of CAN12 is agonist dependent. In
vivo, we determined that CAN12 is able to inhibit arterial thrombosis and using two independent
methods, we found that CAN12 does not influence hemostasis.

Conclusion—Targeting the extracellular anionic cluster on PAR4 is a viable novel strategy as an
anti-platelet therapy.
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Protease activated receptors (PARS) are G-protein coupled receptors activated by cleavage
of their N-terminus by serine proteases. There are four members of the PAR family:
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PAR1-4. PAR1, PARS3, and PAR4 are activated by thrombin, but PAR2 is activated by
trypsin. Upon cleavage of the N-terminus, the new N-terminus acts as a tethered ligand for
the receptor. PAR activation initiates multiple downstream signaling events in platelets
including activation of the small GTPase RhoA, intracellular calcium release, secretion, and
a decrease in accumulation of cAMP through Gg, G12/13, and G;. The culmination of these
events leads to platelet aggregation, and if uncontrollably activated, thrombosis.

The current standard for the treatment of acute coronary syndromes by antiplatelet therapy is
dual treatment with aspirin and a thienopyridine. However, the current standard for
treatment still has a number of limitations, most significantly, increased bleeding risk. This
has led to a need for better anti-platelet therapies. Additional therapies, such as glycoprotein
I1b/111a and PAR1 inhibitors have been investigated as alternate antiplatelet therapies, but
have had limited success.

One innovative approach to antiplatelet therapies is targeting PAR4. Specifically, near the
anionic cluster on PAR4, D57, D%, E%2 and D63, which is C-terminal of the thrombin
cleavage site at R*’. The anionic cluster of PAR4 is crucial for thrombin interacting with the
purified PAR4 exodomain and PAR4 expressed on cells. The anionic cluster slows the
dissociation of PAR4 from thrombin in a way that cleavage can occur. We propose that if
this region is blocked so that thrombin cannot as easily bind and cleave PAR4, human
platelet aggregation can be delayed. Therefore, the anionic region on PAR4 could be a
potential therapeutic target.

The current study examined a novel approach for antiplatelet therapy by targeting PAR4.
We developed a goat polyclonal antibody that specifically targets the anionic cluster on
PAR4. The antibody dose dependently inhibited thrombin induced human platelet
aggregation and secretion. In addition, we demonstrated that the antibody is able to prevent
carotid artery thrombosis when administered before or after initiation of an injury.
Interestingly, using two independent methods, we demonstrated that treatment with the
antibody does not influence hemostasis in mice. This study provides a new antiplatelet
therapy target, the anionic region of PAR4, which could be a more efficacious approach for
the treatment of acute coronary syndromes without the commonly associated increased
bleeding risk.

Materials and Methods

Reagents and Antibodies

All cell culture reagents were purchased from Invitrogen. Human a-thrombin was purchased
from Haematological Technologies (specific activity 3200-3400 U/mg) (Essex Junction,
VT). PAR4 activating peptide (AYPGKF-NH2) and PAR1 activating peptide (SFLLRN-
NH2) were synthesized at PolyPeptide Laboratories (San Diego, CA). Convulxin was
purchased from Enzo Life Sciences Inc. (Farmingdale, NY). Collagen, ADP, and
CHRONO-LUME were purchased from Chrono-log Corporation (Havertown, PA). Protease
inhibitor cocktail tablets were purchases from Roche. Rose-Bengal sodium salt, fibrinogen
from human plasma, red blood cell lysing buffer, and sepharose 2B were purchased from
Sigma-Aldrich. The CAN12 antibody was prepared against the human PAR4 sequence
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(CANDSDTLELPD) by Bethyl Laboratories as a custom synthesis using a goat as the host.
The antibody was affinity purified using a CANDSDTLTLPD peptide-specific
immunosorbent. For control experiments, ChromPure goat 1gG, whole molecule was
purchased from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA). The
secondary antibodies IRDYE 800CW donkey anti-mouse 1gG, IRDYE 680RD donkey anti-
goat IgG, and IR 680RD goat anti-rabbit 1gG were purchased from LI-COR Biosciences
(Lincoln, NE).

C57BL/6 mice were purchased from The Jackson Laboratory (Bar Harbor, Maine).
F2RL3~/~ mice (referred to as PAR4™/") were obtained from the Mutant Mouse Regional
Resource Center (MMRRC) (Chapel Hill, NC). All animal studies were approved by the
Institutional Animal Care and Use Committee at Case Western Reserve University School
of Medicine.

Western blotting

HEK?293 cells were purchased from American Type Culture Collection (Bethesda, MD) and
were cultured in DMEM supplemented with 10% fetal bovine serum and 1% Pen/Strep.
Cells were transfected with Lipofectamine 2000 (Invitrogen) according to manufacturer’s
instructions. HEK293 cells were transfected with 1 ug mouse PAR4 or human PARA4. After
48hrs, the cells were lysed in RIPA buffer (1% NP-40, 0.5% Deoxycholate, 0.1% SDS) on
ice. Following lysis, the lysate was collected and quantitated using the Biorad DC protein
assay. 100ug of total protein was loaded and resolved by SDS-PAGE and transferred onto
nitrocellulose. The membranes were incubated with primary goat antibody to CAN12. To
determine equal protein loading, the membrane was probed with rabbit antibody to a-actinin
(1, 1000; Santa Cruz Biotechnology Inc.). The membrane was developed using the Odyssey
Infrared Imaging System. The optical densities of proteins in the blot were quantified using
software provided with the imaging system (Application Software version 3.0).

For examining the CAN12 binding region of PAR4, HEK293 cells were transfected with 4.0
pg human PAR4 or human PAR4-AAAA (D57A, D59A, E62A, D65A). The lysis and
blotting procedure was the same as above.

Cleavage assays

HEK?293 cells were transfected with HA-PAR1 (human) (4.0 pg) and V5-PAR4 (human)
(0.1 ug) for 48 hours (described previously). Aliquots containing 1x10 cells were treated
with PBS, 1gG (2 ug/ml), or CAN12 (2 pg/ml) for 10 min and were activated with thrombin
(100 nM) for 0, 2, or 30 min. The cells were then pelleted and lysed in RIPA buffer on ice.
Following lysis, the entire sample was resolved by SDS-PAGE and transferred onto
nitrocellulose for Western blotting with anti-V5-tag (1, 10,000; AbD Serotec.) and anti-a-
actinin (1, 1000; Santa Cruz Biotechnology Inc.) as described above.

PRP, Gel Filtered Platelets, and Washed Platelets Preparation

Human platelets were obtained from healthy donors. These studies were approved by the
Case Western Reserve University Institutional Review Board and informed consent was
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obtained from all donors. Whole blood was collected into the anticoagulant acid citrate
dextrose (ACD) (2.5% sodium citrate, 71.4 mM citric acid, 2% D-glucose) and centrifuged
at 200xg for 10 minutes at room temperature. The platelet rich plasma (PRP) was used for
aggregation experiments within 3 hours or used to generate gel filtered platelets as
previously described. Briefly, platelets were separated from plasma proteins using a
sepharose 2B column in HEPES-Tyrode buffer pH 7.4 (10 mM HEPES, 12 mM NaHCOs3,
130 mM NaCl, 5 mM KClI, 0.4 mM NayHPO4, 1 mM MgCl,, 5 mM glucose, 0.1% bovine
serum albumin). The number of platelets was quantitated using a Hemavet 950FS (Drew
Scientific Inc, Waterbury, CT, USA).

Mice were anesthetized by intraperitoneal injection of pentobarbital (62 mg/kg). Blood was
collected by heparinized capillary puncture of the retro-orbital venous sinus and
immediately combined with ACD (1/5). The whole blood was centrifuged at 2300xg for 20
sec at room temperature to isolate the PRP. To pellet the platelets, the PRP was centrifuged
at 2200xg for 3 minutes at room temperature. The platelets were resuspended in HEPES-
Tyrode buffer pH 7.4 (10 mM HEPES, 12 mM NaHCO3, 130 mM NaCl, 5 mM KCI, 0.4
mM NayHPO4, 1 mM MgCly, 5 mM glucose, 0.33% human serum albumin). The number of
platelets was quantitated using a Hemavet 950FS (Drew Scientific Inc, Waterbury, CT,
USA).

Aggregation was measured using a lumi-aggregometer (Model 700, Chrono-log
Corporation). The sample was stirred constantly at 1200 RPM at 37°C. Dense granule
secretion was detected by ATP luminescence using CHROMO-LUME. For all experiments,
PRP, gel filtered platelets, or washed platelets were treated with HEPES-Tyrode buffer, 1gG
(goat), or CAN12 for 10 minutes prior to activation with thrombin, AYPGKF, SFLLRN,
ADP, collagen, or convulxin. Aggrolink8 version 1.3.98 was used for data acquisition. The
ICsq was determined using GraphPad Prism.

Mouse Arterial Thrombosis Studies

The arterial thrombosis experiments were performed using the Rose Bengal carotid artery
thrombosis model, as previously described. Saline, 1gG (2 mg/kg), or CAN12 (1, 0.5, 0.25,
0.125 mg/kg) was injected by tail vein into C57BL/6 mice 10 minutes before initiation of
injury. Alternatively, injury was initiated first and 15 minutes later 19G (2 pg/ml) or CAN12
(0.5 mg/kg) was injected via tail vein. The experiment was terminated at 90 min. After the
experiment, blood was collected from the retro-orbital venous sinus and immediately
combined with (1/5) volume of ACD as an anticoagulant. The platelets were counted using a
Hemavet 950FS.

Mouse Tail Bleeding Assay

C57BL/6 mice were retro-orbitaly injected with 1gG (2 mg/kg) or CAN12 (2 mg/kg);
untreated PAR4 ™/~ mice were used as a control. Ten minutes following injection, tail
bleeding times were measured by clipping 3 mm from the tip of the tail of anesthetized
mice. The tail was placed in prewarmed saline at 37°C, and the time to cessation of bleeding
was measured or the experiment was terminated at 10 min. The quantity of blood loss was
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determined by lysing the red blood cells in red blood cell lysing buffer, measuring the
absorbance of hemoglobin at 550 nm, and comparing to a standard curve.

Mouse Saphenous Vein Bleeding Assay

Results

The method was modified from the previously described protocol by Buyue et al.. Mice
were treated as described for tail bleeding assay. The saphenous vein was exposed in the
right hind limb and pierced with a 23-G needle. Blood was removed around the site of injury
using a Kimwipe. After the formation of a clot (~1.5 min), a 1 mm longitudinal incision was
made using the initial site of injury for entry into the vessel. Bleeding was observed for 20
min and each time a subsequent clot formed it was disrupted by stroking a needle across the
site of injury in the direction of blood flow. The average bleeding time was calculated by
dividing the total bleeding time by the number of clots formed. In addition, the number of
clots formed was recorded.

CAN12 reduces the rate of PAR4 cleavage

The interaction between PAR4 and thrombin is mediated by two sites, the cleavage site
(L*3PAPR) and an anionic region (D%7-D%5). The anionic region has a single amino acid
change between human and mouse PAR4 (CANDSDTLELPD vs. CANDSDTLELPA)
suggesting a conserved function. Therefore, we developed a goat polyclonal PAR4 antibody
(CAN12) that targets the anionic cluster of PAR4 (Fig. 1A). CAN12 interacted with both
human (hPAR4) and mouse PAR4 (mPARA4) in transfected HEK293 cells (Fig. 1B, C). To
determine if CAN12 was specifically interacting with the anionic region of PAR4, we
transfected 293 cells with hPAR4 or hPAR4-AAAA; a construct in which each of the
residues in the anionic region is mutated to alanine (D57A, D59A, E62A, D65A). CAN12
did not interact with the mutated anionic region (Fig. 1 D). We next determined if CAN12
was able to inhibit PAR4 cleavage by a-thrombin. To mirror the expression profile of PARs
in human platelets, HEK293 cells were cotransfected with HA-PAR1 and V5-PAR4 and the
cleavage of PAR4 was measured by the disappearance of the N-terminal V5-tag. CAN12 (2
ug/ml) treatment completely inhibited PAR4 cleavage by a-thrombin at 2 min compared to
44.5 + 6.9% cleavage for the 1gG control (2 pg/ml). Thirty minutes after CAN12 treatment,
PAR4 cleavage was reduced to 39.4 + 12.5% compared to 64.5 + 15.4% for the IgG control
(Fig. 1E, F). All together these results demonstrate that CAN12 interacts with mPAR4 and
hPAR4 at the anionic region and is able to slow the rate of PAR4 cleavage.

The effect of CAN12 treatment on human platelet aggregation and secretion

We next sought to determine if CAN12 is able to inhibit thrombin induced platelet
aggregation and secretion. Gel filtered platelets were pretreated with buffer, 1IgG (2 pug/ml),
or CAN12 (0.2 ng/ml-2 pg/ml) for 10 min at 37°C. Platelets were stimulated with a
threshold-dose of a-thrombin (0.5 nM) and the percent aggregation was measured. CAN12
inhibited thrombin induced aggregation in a dose dependent manner with an ICgq of 10
ng/ml (2-49 ng/ml, 95% CI) (Fig. 2A, B). In contrast, 1gG did not influence aggregation at a
200 fold higher concentration. CAN12 also inhibited dense granule secretion as measured by
ATP release in a dose dependent manner similar to aggregation (Fig. 2C).
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We next examined the influence of CAN12 on platelet aggregation and secretion initiated by
other agonists (AYPGKF, SFLLRN, ADP, and collagen). PRP was isolated from normal
healthy donors and treated with buffer, 1gG (2 pg/ml), or CAN12 (0.2 ng/ml-2 pg/ml) for 10
min at 37°C. High doses of CAN12 (0.02-2 pg/ml) inhibited aggregation by the PAR4
agonist peptide, AYPGKF (500 uM), but when the dose was decreased to 2 ng/ml the
percent aggregation returned to 100% (Fig. 3A). This is likely due to the large antibody
molecule sterically blocking access of AYPGKEF to the proposed binding site in extracellular
loop 2. In contrast, CAN12 had no effect on aggregation of platelets activated with SFLLRN
(25 uM) (Fig. 3B). CAN12 dose dependently inhibited ADP (5 pM) induced aggregation
(Fig. 3C). For collagen (1 pg/ml) activated platelets, CAN12 inhibited in a dose dependent
manner (Fig. 3D). This could be due to PAR4 having a synergistic effect on collagen
activation of GPVI. Interestingly, CAN12 had no effect on convulxin induced aggregation
of platelets (Fig. 3E). Similar to aggregation, CAN12 inhibited dense granule secretion from
platelets activated with AYPGKF (500 uM), ADP (5 uM), and collagen (1 pg/ml) (Fig. 4 A,
C, D). However, CAN12 had no effect on secretion induced by SFLLRN (25 pM) and
convulxin (5 nM) (Fig. 4 B, E).

CAN12 inhibits aggregation through PAR4

PAR4 and P2Y12 are known to heterodimerize and these interactions influence the function
of each receptor. Therefore, we examined if CAN12’s influence on ADP-induced
aggregation was dependent on PAR4 using platelets isolated from PAR4 ™/~ mice. Washed
platelets isolated from wild-type or PAR4™/~ mice were pretreated with 1gG (2 pg/ml) or
CAN12 (2 pg/ml) for 10 min at 37°C. In wild-type mice, AYPGKF-induced (500 pM)
platelet aggregation of CAN12 treated platelets was reduced to 9.3% from 37% for the 1gG
control (Fig. 5A). As expected, platelets from PAR4~~ mice did not respond to AYPGKF
(Fig. 5B). Similarly, CAN12 reduced ADP-induced aggregation of platelets from wild-type
mice from 21% to 8.3%. Importantly, ADP-induced aggregation was not influenced in
platelets from PAR4™/~ mice. CAN12 also appeared to have a slight effect on collagen
aggregation; however, the results did not reach statistical significance (Fig. 5A). These data
are in agreement with data from human platelets in which CAN12 reduced ADP-induced
aggregation. Further, these data demonstrate that inhibitory effects of the antibody are
dependent on the presence of PAR4.

CAN12 inhibits arterial thrombosis

Since CAN12 is able to interact with murine PAR4 (Fig. 1B) and affect mouse platelet
activation (Fig. 5), our studies determined the ability of CAN12 to affect arterial thrombosis
in vivo in the Rose Bengal model. The time to thrombosis was delayed to more than 90
minutes when CAN12, 1.0 mg/kg (~14 pg/ml plasma concentration), was injected 10
minutes prior to injury (Fig. 6A). We next wanted to determine the minimal dose of CAN12
required to influence the time to thrombosis. The intermediate doses of 0.5 mg/kg and 0.25
mg/kg had a time to thrombosis of 82 minutes and 60 min, respectively. At 0.125 mg/kg
CANZ12, the time to occlusion was 37 minutes; the same time as the controls (saline and
1gG) (Fig 6A). We verified that the delay in thrombosis was not due to a decrease in the
platelet number (Fig. 6B). Next we investigated whether CAN12 prolonged the time to
thrombosis when administered after initiation of the injury. For these studies we used the
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lowest dose of CAN12 (0.5 mg/kg) that significantly prolonged the time to occlusion (see
Fig. 6A). CAN12 delivered 15 minutes after injury was able to prolong the time to complete
occlusion to 84 minutes (Fig. 6C). CAN12 also did not reduce platelet numbers when
administered after the injury (Fig. 6D). Similarly, there was no difference in platelet number
between 1gG and CAN12 treatment when injury was not initiated (425 x 108 + 56
platelets/ml vs. 462 x 106 + 90 platelets/ml, respectively). Overall, CAN12 treatment is able
to delay arterial thrombosis when delivered either before or after injury.

CAN12 does not affect bleeding time

Finally, we wanted to examine if CAN12 treatment influences hemostasis using two assays.
The first was the tail clip assay. C57BL/6 mice were injected with IgG (2 mg/kg) or a high
dose of CAN12 (2 mg/kg) 10 minutes before the procedure. There was no difference in time
to cessation of bleeding or total blood loss between IgG or CAN12 treated mice (Fig. 7A,
B). PAR4™~ mice have a prolonged bleeding phenotype and were used as controls. An
alternative method for examining the effect of CAN12 on hemostasis was the saphenous
vein model. CAN12 (2 mg/kg) had no effect on the bleeding time or number of clot
formations compared to the 1gG (2 mg/kg) control (Fig. 7C, D). Similar to the tail clip
model, PAR4~/~ mice had a prolonged bleeding time and fewer clot formations. Using two
independent methods, we demonstrated that CAN12 treatment does not delay hemostasis in
mice.

Discussion

In the current study, we have identified the anionic region of PAR4 as a potential therapeutic
target using an inhibitory antibody. The antibody is directed toward the sequence
C5*ANDSDTLELPD, which has been identified to be important for PAR4’s interaction with
thrombin using purified exodomains and cell lines. This region is conserved between murine
and human PAR4. A co-crystal with a murine PAR4 derived peptide and murine thrombin
shows that the anionic region of PAR4 makes direct contact with thrombin’s autolysis loop.
The antibody CAN12 exploits these interactions to slow the rate of PAR4 cleavage (Fig. 1E
and F) resulting in a decrease in PAR4 activation. These data are consistent with published
results that demonstrate the importance of the anionic region for PAR4 activation by
thrombin. By interfering with PAR4 activation, CAN12 inhibits thrombin-induced human
platelet aggregation and thrombosis in the Rose Bengal thrombosis mouse model (Fig. 2 and
6). Importantly, CAN12 does not delay hemostasis in two mouse models. The studies in the
current report demonstrate the feasibility of targeting PAR4 in general and, in particular, the
anionic region of PAR4’s exodomain.

Human platelets express two subtypes of protease activated receptors, PAR1 and PAR4,
which mediate thrombin-induced platelet activation. The interaction and subsequent
activation of PAR1 and PAR4 by thrombin is mechanistically different. PAR1 contains a
hirudin-like sequence that binds exosite I of thrombin, which likely allosterically induces
thrombin into the protease conformation. The net effect is efficient activation of PAR1 by
low concentrations of thrombin. In contrast, PAR4 relies on an anionic cluster (D%, D%,
ES2, D5), which slows the rate of thrombin dissociation and prolongs the interaction time
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between PAR4 and thrombin. However, this region does not interact with thrombin’s exosite
I and likely does not contribute to thrombin allostery, which leads to inefficient PAR4
activation.. However the rate of PAR4 activation is enhanced when it is coexpressed with
PARL. We have recently demonstrated that PAR1-mediated enhancement of PAR4 cleavage
is dependent on PAR1-PAR4 heterodimerization. We have previously shown that the
anionic cluster contributes to PAR4’s interaction with thrombin both in the presence and
absence of PAR1. Therefore, we targeted this region for developing a PAR4 antagonist. The
inhibitory antibody, CAN12, was able to block thrombin-induced human platelet
aggregation in a dose-dependent manner (Fig. 2). Since PAR1 and PAR4 form homodimers
and heterodimers, the antibody, CAN12, is likely blocking PAR1 activation due to the
interactions of PAR1 and PAR4 on the platelet surface as CAN12 does not influence PAR1
activation.

The primary focus of thrombin signaling has been directed at PARZ1, which has led to the
development of two PAR1 antagonists that have undergone clinical trials with mixed results.
The most recent clinical trial for a PAR1 antagonist, the vorapaxar TRA-CER trial, had to be
terminated due to intracranial hemorrhage. PAR4 has received much less attention than
PAR1. However, there have been two PAR4 antagonists developed, the small molecule
YD-3 and the peptide P4pal-10. CAN12 differs from these antagonists in two ways. First, it
targets the extracellular anionic region of PARA4. Second, it does not delay hemostasis in
mouse models. This effect is likely due to the fact that CAN12 slows the rate of PAR4
activation rather than completely inhibiting it. In the arterial thrombosis model in which
there is a high flow rate in the vessel, the platelets with CAN12 bound will be rapidly
cleared from the site of injury containing high thrombin concentrations, thus, reducing
PAR4 mediated platelet activation at the site of injury. In contrast, in the tail clip and
saphenous vein models both have a lower flow rate. This may allow the platelets with
CAN12 bound to remain in proximity of higher thrombin concentrations at the site of injury
for a prolonged length of time allowing for PAR4 to be cleaved by thrombin and enable
platelet activation. This also explains why the bleeding times of the PAR4~/~ mice (with
zero PARA4 expression) are significantly prolonged in both hemostasis assays and the
CAN12 treated mice are unaffected (Fig. 7).

The antibody, CAN12, also affects ADP and collagen-induced human platelet aggregation.
The inhibition of ADP induced aggregation is likely through PAR4’s direct and indirect
interactions with the ADP receptor, P2Y12. PAR4 and P2Y 12 physically interact in
heterodimeric complexes that directly influence thier signaling activities. In addition, the
signaling from the two receptors indirectly influences the activity of one another. CAN12
was able to interfere with collagen-induced aggregation, but did not affect a different GPVI
agonist, convulxin (Fig. 3). One theory is that CAN12 is indirectly affecting collagen-
induced aggregation through inhibition of P2Y12 as previously demonstrated with the

P2Y 12 antagonist AR-C69931MX, which decreased platelet activation by collagen. A
second explanation is that CAN12 may be sterically interfering with the a,f3; integrin since
collagen activates both a,p; integrin and GPVI, whereas convulxin specifically activates
GPVI. A third option is the size discrepancy between collagen and convulxin. CAN12 could
be blocking the larger collagen molecule (300 KDa) from interacting with its receptor, but
the smaller convulxin (72 KDa) can still reach its receptor. While each of these theories is
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possible, the net effect is that targeting the extracellular domain of PAR4 inhibits human
platelet aggregation ex vivo and thrombosis in vivo in mice. Importantly, our experiments
with PAR4™/~ platelets demonstrate the inhibition of ADP induced aggregation is dependent
upon the presence of PARA4. Finally, targeting multiple pathways with a single agent can be
beneficial. For example, the FDA approved anti-platelet therapy Ticagralor, a non-
competitive P2Y 12 antagonist, also influences multiple pathways, which likely contributes
to its overall effectiveness.

The current study demonstrates that targeting the thrombin-binding site away from the
cleavage site on PAR4 is a viable strategy for anti-platelet therapy. These studies provide
justification for developing a humanized monoclonal CAN12 antibody, which is currently
underway. The current study also justifies targeting PAR4 for anti-platelet therapies in
general. To date, PAR4 has been considered a back-up receptor for PAR1 signaling and has
been studied less. However, a recent study has shown that black populations have higher
levels of microRNA’s that are associated with increased PAR4 reactivity; PAR1 was
unaffected. In this light, PAR4 may be an attractive target for specific populations. Our
studies that identify a novel target region on PAR4 provide insight toward developing future
PAR antagonists based on the mechanism of thrombin binding to PARA4.
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(A) The N-terminus of PAR4 with C3*ANDSDTLELPD (CAN12) and the thrombin
cleavage site (*) indicated. (B) HEK?293 cells (293) or cells transfected with mouse PAR4
(1.0 pg) or human PARA4 (1.0 pg) blotted with CAN12 (1:100) and actinin (1:1000). (C) Full
gel for CAN12 interacting with hPAR4 expressed in HEK293 cells. (D) HEK293 cells (293)
or cells transfected with hPAR4 (4.0 ug) or hPAR4-AAAA (D57A, D59A, E62A, D65A)
(4.0 pg) blotted with CAN12, PAR4 (C-10), and actinin. (E) HEK293 cells transfected with
HA-hPAR1 (4.0 pg) and V5-hPAR4 (0.1 pg) pretreated with buffer (PARLPAR4), 1gG (2
ug/ml), or CAN12 (2 pg/ml) for 10 min at room temperature. The cells were then activated
with thrombin (100nM) for 0, 2, or 30 min at 37°C. Cleavage of PAR4 was measured by
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loss of the N-terminal V5 epitope. (F) Quantitation of percent of uncleaved PAR4 compared
to 0 min as 100%. n=4 **p<0.01 vs. time zero

J Thromb Haemost. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Mumaw et al. Page 15

v/
(@

Thrombin (0.5 nM)

25
0
- (0.2) o 604 20
S (20) S =
® (0.02) ® F = 15
g 5 (0002  § 407 S S
<3 (0.0002) <g 2 1.0
° — No Treatment s 20+ @
= — 19G (2 pg/ml) s ® 05
— CAN12 (ug/ml)
100 T T T 1 0 T H T T T
0 100 200 300 400 0 10+ 102 10° g33388
Time (sec) = s 2 8
CAN12 (ng/ml) s 2

CAN12
Treatment (ng/ml)

Figure 2. CAN12 inhibits thrombin induced aggregation and dense granule secr etion
(A) Gel filtered platelets were isolated from healthy donors. Following treatment with goat

19G (2.0 ug/ml) or CAN12 (0.2 ng/ml — 2.0 pg/ml) for 10 min at 37°C, percent aggregation
was determined for thrombin (0.5 nM). Representative curves shown. (B) Dose response
curve for CAN12 inhibition of thrombin induced aggregation (0.5 nM). 1C50=10 ng/ml (2—
49 ng/ml, 95% CI) (C) Dense granule secretion as determined by ATP (nM). *p<0.05 vs.
1gG, NS=not significant
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Figure 3. CAN12 specificity on aggregation
PRP was isolated from healthy donors. Following treatment with goat 1gG (2.0 pg/ml) or

CAN12 (dose response) for 10 min at 37°C, percent aggregation was determined for (A)

AYPGKEF (500 pM), (B) SFLLRN (25 pM), (C) ADP (5 pM), (D) collagen (1 pg/ml), (E)
convulxin (5 nM). Representative curves and average percent aggregation shown. *p<0.05
vs. 1gG, **p<0.01 vs. IgG, NS=not significant
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Figure 4. CAN12 specificity on dense granule secretion
PRP was isolated from healthy donors. Following treatment with goat 1gG (2.0 pg/ml) or

CAN12 (dose response) for 10 min at 37°C, secretion was determined for (A) AYPGKF
(500 uM), (B) SFLLRN (25 uM), (C) ADP (5 uM), (D) collagen (1 pg/ml), (E) convulxin (5
nM). *p<0.05 vs. IgG, **p<0.01 vs. IgG, NS=not significant
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Washed platelets were isolated from wild-type and PAR4~/~ mice. Following treatment with
goat IgG (2.0 pg/ml) or CAN12(2.0 pg/ml) for 10 min at 37°C percent aggregation was
evaluated for (A) wild-type and (B) PAR4™/~ platelets activated with AYPGFK (500 puM),
ADP (5 uM) supplemented with 1 mg/ml fibrinogen, or collagen (1 pug/ml). **p<0.01 vs.

[o]€

J Thromb Haemost. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Mumaw et al. Page 19

>
w

*x
100, [ 1 800 -
o 804 _I_ g = 600
E_ ® T 1
—_ - ‘ s = 7T ¢
S £ ; 2 5 400+ < -_I_—I—
ifolly g EETaELs
3 . 3 % X 2004
o  20. . B =
T o2 4a H L S
wn -
£~ g+t £% <3¢
» - ° » —_—
CAN12 (mglkg) CAN12 (mglkg)
100 | | 600 -
. W = |
E € E 400
R :: 1
= E Zi
2 E 404 KN ’
3 T T 200
o T -
o 20 A =
0 T T 0 T I
19G CAN12 19G CAN12

Figure 6. CAN12 inhibitsarterial thrombosis
(A) C57BL/6 mice were pretreated with saline, goat 1gG (2 mg/kg), or CAN12 (1, 0.5, 0.25,

0.125 mg/kg) for 10 min and then subjected to the Rose Bengal carotid artery thrombosis
model. Time to complete occlusion is indicated or the experiment was terminated at 90 min.
(B) The concentration of platelets in the blood at termination of the experiment was
determined. (C) 15 minutes after the initiation of carotid artery thrombosis, C57BL/6 mice
were injected with goat 1gG (2 mg/kg) or CAN12 (0.5 mg/kg) and the time to complete
arterial occlusion was determined. The experiment was terminated at 90 min. (D) The
concentration of platelets in the blood at termination of the experiment was determined.
**p<0.01
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Figure 7. CAN12 does not affect bleeding time
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(A) C57BL/6 mice or PAR4™~ mice were anesthetized and 3 mm of the tail was cut. The
time to cessation of bleeding was determined or the experiment was terminated at 10 min.
(B) The total amount of blood loss was determined by reading the absorbance of
hemoglobin from lysed red blood cells and was compared to a standard curve. (C) C57BL/6
mice or PAR4™~ mice were anesthetized and the saphenous vein was exposed and pierced.
Once, bleeding ceased, the clot was disrupted. The procedure was repeated for 20 min. The
average time of bleeding and (D) the number of clot formations were determined. **p<0.01,

NS=not significant
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