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Thrombin, the most potent platelet agonist /n7 vivo, activates human platelets through
protease activated receptors 1 and 4 (PAR1 and PAR4) by proteolysis of the N-terminus,
which exposes the tethered ligands.! Although these receptors are activated by the same
mechanism, the overall sequence identity is only ~33% and each has a distinct mode of
interaction with thrombin, which impacts the subsequent rates of proteolysis.2~* PAR1 is an
efficient substrate and responds to sub-nanomolar thrombin. In contrast, PAR4 requires ~10-
fold more thrombin for proteolysis. This difference led to the hypothesis that PAR4 was a
redundant backup thrombin receptor, which limited the interest in developing PAR4
antagonists.

Upon further examination, the dual receptor system offers the intriguing possibility of
pharmacologically fine tuning thrombin signaling in platelets by taking advantage of the
individual contributions of PAR1 and PAR4.5 Both receptors initiate signaling through Gq
and G113 pathways, but with distinct kinetics. PAR1 activation results in a rapid transient
signal. In contrast, PAR4 mediates prolonged signaling that is required for stable thrombus
formation (Figure A). Blocking the sustained signaling from PAR4 may limit thrombosis,
while leaving the transient PAR1 signaling mechanism available to initiate hemostasis and
limit bleeding (Figure B). With this goal in mind, PAR4 has been targeted with inhibitory
antibodies, intracellular peptides, and small molecules.5-8 Several compounds that achieve
PAR4 antagonism, such as YD-3 and ML354, are currently used as tools to study PAR4 in
vitro.2~11 The major reasons these compounds have not reached beyond pre-clinical studies
are due to their pharmacological properties, low selectivity between PAR1 and PAR4, or
both.

Early this year, Bristol-Myers-Squibb reported a potent and reversible PAR4 specific
antagonist, BMS-986120, in Science Translational Medicine? This compound was
identified in a high-throughput screen of 1.1 million compounds from the Bristol-Myers-
Squibb (BMS) library. Compounds that blocked calcium signaling induced by an optimized
PAR4 activation peptide were further characterized for their ability to inhibit -y-thrombin
induced platelet aggregation. This screen resulted in the discovery of an imidazothiadiazole
compound that was further optimized for potency, specificity, and oral bioavailability to
yield BMS-986120. This specific PAR4 antagonist demonstrated saturable and reversible
binding to human PAR4. BMS-986120 blocked human platelet activation in platelet rich
plasma stimulated by y-thrombin or a PAR4 activation peptide with an IC5q <10 nM.12 The
most compelling findings in this study resulted from a direct comparison of BMS-986120 to
clopidogrel in a nonhuman primate thrombosis model. BMS-986120 administered orally at 1
mg/kg decreased thrombus weight by 80% with limited bleeding risk. In contrast, the dose
of clopidogrel that achieved >80% reduction in thrombus weight (1 mg/kg) led to >8-fold
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increase in bleeding.12 This comprehensive study showed BMS-986120 to be an effective
PAR4 antagonist with a lower bleeding risk and a wider therapeutic window compared to
clopidogrel.

In this issue of ATVB, Wilson et al. performed a phase 1 trial (NCT02439190) to determine
the effect of BMS-986120 on ex vivo human thrombus formation following oral
administration to healthy volunteers. BMS-986120 showed no serious adverse side effects.
The pharmacokinetic studies demonstrated that plasma concentration of BMS-986120
peaked at 2 h, with a half-life of 4 h, and elimination of this compound (<10% of peak
concentration) took 24 h. The ex vivo platelet function studies confirmed that BMS-986120
is a potent reversible inhibitor of PAR4-induced platelet activation and aggregation at 2 and
24 h after oral administration. BMS-986120 did not inhibit platelet response to other
agonists (SFLLRN, ADP, or arachidonic acid), which is consistent with the previous report
that demonstrated BMS-986120 specifically blocks PAR4 signaling when added to platelets
ex vivo.12 The authors demonstrated that BMS-986120 reduces thrombus growth to a similar
degree as the combined treatment of aspirin and clopidogrel, signifying a potential major
therapeutic advance. However, these treatments were not directly compared with statistical
analysis (see Figure 3, panels B and C). Nonetheless, these data offer the exciting possibility
that a single agent can be as effective as the current dual antiplatelet therapy. This hypothesis
is strengthened by the report BMS-986120 reduced thrombus growth with less bleeding than
clopidogrel, demonstrated by the nonhuman primate thrombosis data.12 A closer look at the
individual components of the thrombus may shed light on the mechanism of BMS-986120.
Interestingly, the platelet component of the thrombus appeared to be reduced to a lesser
extent in the BMS-986120 treated individuals compared to those treated with aspirin and
clopidogrel. However, BMS-986120 also led to a slight reduction in the fibrin component.
This may be due to reduced phosphatidylserine (PS) exposure down stream of PAR4
inhibition that decreases the local thrombin generation and subsequent fibrin formation.8

In summary, this phase 1 PROBE designed clinical trial is the first to administer a PAR4
antagonist to human subjects. The study demonstrated the PAR4 selective potent antagonist,
BMS-986120, can reduce ex vivo human thrombus formation in a model designed to
represent deep arterial injury in a stenosed coronary artery. This study also supports the
hypothesis that blocking PAR4-mediated sustained signaling for stable thrombus formation,
while preserving PARL1 signaling for initial thrombus formation, may be a safe and effective
antithrombotic strategy (Figure B). The first in-class antiplatelet therapy targeting PAR1,
vorapaxar, was approved by the FDA in 2014 for secondary prevention of thrombaotic events
in stable patients.13-16 Importantly, vorapaxar was approved for use in addition to the
standard antiplatelet therapy, but not as a stand-alone therapy or as a substitute for aspirin or
clopidogrel. Vorapaxar has not gained widespread use clinically. One issue is difficult
clinical management due to its pharmacokinetics and pharmacodynamics. The reversibility
and elimination characteristics of BMS-986120 may prove to be advantageous in this regard.
At the American Heart Association Scientific Sessions in November, the second PAR4
antagonist, BMS-986141, was revealed.1” This compound also showed great promise in
nonhuman primate models of thrombosis. The true promise of these PAR4 antagonists will
be revealed in further clinical trials. Moving in this direction, a Phase 2 trial with
BMS-986141 was completed in March of 2017 (NCT02671461). In recent years, we have
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seen a dramatic shift in clinical management due to the introduction of direct oral

an

ticoagulants.18 Now, there is also the potential for a new wave of antiplatelet agents

targeting PAR4. Currently, the major hurdle is the large clinical trials necessary to move
these forward into clinical practice.
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Figure.
The unique characteristics of PAR1 and PAR4 may provide an opportunity to fine tune

thrombin signaling to optimize platelet response. A) PAR1 and PAR4 are distinct thrombin
receptors that have different rates of activation and signaling kinetics. These receptors have
complementary roles in hemostasis and cooperate to mediate thrombin signaling in platelets.
B) Hemostasis (top left) starts from initial platelet adhesion and activation to form an
unstable thrombus. Following additional thrombin generation and fibrin deposition, a stable
thrombus forms to stop the bleeding. Thrombosis (top right) is the uncontrolled growth of
the thrombus that obstructs blood flow. Inhibition of PAR1 (bottom left) with vorapaxar
targets the initial stages of platelet activation at low thrombin concentrations. Inhibition of
PARA4 (bottom right) with BMS-986120 targets the later stages of thrombus growth, which
preserves the initial platelet aggregation mediated by PARL.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2019 February 01.



	References
	Figure

