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Editorial

Protease activated receptor 4: a backup receptor or a dark horse 
as a target in antiplatelet therapy?
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Platelets are the primary component of pathological arterial 
thrombi. As such, antiplatelet therapy is a key strategy 
for treatment of acute coronary syndrome (ACS). The 
recent publication by Wong and colleagues earlier this year 
reported a compound, BMS-986120, that targets protease 
activated receptor 4 (PAR4) in a reversible manner (1). 
BMS-986120 effectively inhibits thrombus formation with 
minimal bleeding complications in their animal model (1). 
Their paper demonstrates the potential of targeting PAR4 
as a promising antiplatelet therapeutic approach (1).

Platelet activation

To achieve the delicate balance between maintaining free 
flow of blood and, when necessary, platelet aggregation 
at the site of damage, platelet activation and aggregation 
needs to be precisely regulated. This requires accurate 
coordination of many molecules and processes. Once an 
injury breaks the endothelium, the A1 domain of the von 
Willebrand factor binds to the ligand binding domain of the 
GPIbα in GPIb-IX-V complex on the surface of the platelet 
in order to slow down and to facilitate platelet adhesion (2). 
This “handshake” between the rapid moving platelet and 
relatively still blood vessel also generates a shear force that 
is between 10–20 pN (3). This force is strong enough to 
unfold the mechanosensory domain of the GPIbα, which 
induces GPIb signaling in platelets through the PI3K-Src 
pathway (Figure 1A) (2). Meanwhile, collagen also binds 
to one of its receptors, Glycoprotein VI (GPVI)-FcRγ, to 

recruit LAT as an adaptor protein to induce downstream 
signaling (4). Both GPIb and GPVI signaling can activate 
phospholipase Cγ (PLCγ) mediated granule release, to form 
unstable plug (4). Damaged endothelium results in exposure 
of collagen and tissue factor, which initiates thrombin 
generation (5). Activation of platelets by thrombin results in 
platelet granule release increasing the local concentration of 
ADP and thromboxane A2 (TxA2) around the injury site for 
further platelet activation (5). These agonists signal through 
series G-protein coupled receptors (GPCRs) on the surface 
of the platelet, including protease activated receptor 
1 and 4 (PAR1 and PAR4) (thrombin receptors), P2Y1 
and P2Y12 (ADP receptors), and thromboxane receptor  
(TP) (4). These platelet GPCRs couple to multiple 
G-proteins (Gq, G12/13, Gi and Gs) to facilitate platelet 
activation and thus accelerate thrombus formation  
(Figure 1A) (4,6). This several highly-coordinated series of 
events between GPIb, GPVI and GPCR signaling provides 
potential therapeutic targets to prevent unwanted clots.

Current platelet therapies 

The current antiplatelet agents can be divided into 
three general categories based on their mechanism of 
action (Figure 1B). The first category is comprised of 
compounds that target platelet signaling pathways and 
include irreversible cyclooxygenase (COX) inhibitors, 
phosphodiesterase (PDE) inhibitors, and adenosine 
reuptake inhibitors. Aspirin is one of the most commonly 
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Figure 1 Platelet activation and current anti-platelet therapeutic strategies. (A) Schematic demonstration of the major signaling pathways 
involved in platelet adhesion and activation. The primary receptors on the surface of the platelet, GPCRs (PARs, P2Ys, and TP), GPVI 
and the GPIb-XI-V complex are essential for activating second messengers that lead to shape change and granule secretion; (B) the drugs 
and experimental compounds that have been developed targeting the key receptors on the surface of platelets are shown. GPCR, G-protein 
coupled receptor; PAR, protease activated receptor; TP, thromboxane receptor; GPVI, Glycoprotein VI.
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prescribed antiplatelet therapies for extended intervention. 
Its mechanism of action is covalent acetylation of COX 
thereby irreversibly decreasing the generation of TxA2 in 
platelets (7). Cilostazol (brand name Pletal) is a prodrug 
whose metabolites inhibit cAMP PDE III (8). Cilostazol 
increases the concentration of cAMP to inhibit platelet 
aggregation by blocking the degradation of cAMP in the 
cytosol of platelets (8). The adenosine reuptake inhibitor, 
dipyridamole (brand name Persantine), prevents platelet 
aggregation through the similar mechanism of action (9). 
Several therapeutics, such as Integrin αIIbβ3 (also known as 
Glycoprotein IIb/IIIa, GPIIb/IIIa) inhibitors, fall into the 
second category that target platelet adhesion. The αIIbβ3 
inhibitor abciximab (brand name ReoPro) is a Fab fragment 
of the human monoclonal antibody 7E3 that binds to 
αIIbβ3 to block its interaction with fibrinogen and vWF for 
essential platelet adhesion (10). Abciximab can only be 
administrated intravenously, which limits its use to hospital 
setting. Small molecules can also be used to block integrin 
signaling. Tirofiban (brand name Aggrastat) is a reversible 
non-peptide antagonist of αIIbβ3 (10). Unfortunately, αIIbβ3 
is the primary adhesion molecule, whose inhibition leads to 
bleeding complications. The third category of antiplatelet 
compounds is receptor inhibitors, such as ADP receptor 
and PAR1 antagonists. There are two types of P2Y12 
antagonist: thienopyridines (clopidogrel and prasugrel) 
and the nonthienopyridines (ticagrelor and cangrelor). 
All of these compounds, except ticagrelor, are irreversible 
antagonists of P2Y12, which can make patient management 
challenging. In addition, clopidogrel is a prodrug that 
needs to be metabolized by several CYP450 enzymes, such 
as CYP2C19, to generate the active metabolites (11,12). 
Polymorphisms of CYP2C19 (e.g., 681G to A) impairs 
the metabolism of clopidogrel; these patients are non-
responders (12). Nevertheless, clopidogrel is still the first-
line ADP receptor inhibitor that is normally prescribed 
together with aspirin routinely as the standard of care 
unless patients show a high risk of bleeding. The first 
PAR1 antagonist, vorapaxar (brand name Zontivity) was 
approved by FDA in 2014 (13). However, this is not widely 
used clinically due to its pharmacodynamic profile leading 
to increased bleeding risk. Despite its practical difficulties, 
co-administration of both aspirin and a P2Y12 antagonist 
is the standard of care antiplatelet therapy for ACS. Since 
there are individuals who do not respond to this therapeutic 
approach, developing novel targets is still necessary. The 
publication by Wong et al., earlier this year highlighted 
the possibility of targeting the second thrombin receptor, 

PAR4, as a safe and effective antiplatelet therapy (1).

Dual-receptor system for thrombin signaling on 
human platelet

Thrombin is the most potent platelet agonist in vivo and 
signals through two GPCRs on the surface of human 
platelets, PAR1 and PAR4 (14). Thrombin activates these 
receptors by cleaving the N-terminus of PAR1 and PAR4 
to unmask their tethered ligands, which interact with their 
binding pocket at extracellular side (Figure 2A) (15). In 
platelets, PAR1 and PAR4 couple to Gq and G12/13. The 
G-protein activation further promotes platelet shape change 
and granule secretion (16). At first glance, the dual-receptor 
system may appear to be an evolutionary redundant. 
However, PAR1 and PAR4 have functional differences 
that are complementary and both are essential for platelet 
activation (17). PAR1 can be activated by low thrombin 
concentrations to induce a rapid and transient calcium flux 
that is rapidly desensitized (18). PAR1 mainly contributes 
to unstable platelet aggregation (18). PAR4, on the other 
hand, requires a higher concentration of thrombin to be 
activated and initiates sustained calcium signaling, which 
makes it essential for stable plug generation (18). Moreover, 
the sustained signaling from PAR4 induces Rap1 activation, 
which further triggers the integrin αIIbβ3 inside-out signaling 
(16,19) (Figure 2A). 

Targeting PAR4 therapeutically

PAR4 has received little consideration as a target for 
antiplatelet therapy. Most attention to date has focused 
on PAR1. As discussed above, PAR1 responds to low 
concentration of thrombin and PAR4 has long been thought 
of as a backup, or in some cases, an unnecessary receptor. 
However, an interesting hypothesis is that PAR4 inhibition 
may, in fact, be safer and more effective given its signaling 
kinetics. Blocking the sustained signaling from PAR4 may 
prevent unwanted stable thrombus growth, while leaving 
PAR1 transient signaling to preserve initial thrombus 
formation.

The few efforts to block PAR4 have focused on inhibitory 
antibodies, intracellular peptides, and small molecules. In 
the context of small molecules, the indazole core structure 
shows promising PAR4 antagonism activity. This chemical 
scaffold was used in discovery of YD-3 and its derivatives 
(Figure 2B, top panel). 1-benzyl-3-(ethoxycarbonylphenyl)-
indazole (YD-3) was the f irst  non-peptide PAR4  
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Figure 2 Comparison of PAR1 and PAR4 signaling in platelets and the chemical structures of four PAR4 antagonists. (A) PAR1 and PAR4 
have overlapping and unique roles in platelet activation. These two GPCRs couple to the same G-proteins, however with distinct kinetics, 
which has important physiological consequence; (B) chemical structures of the four compounds that have PAR4 antagonism effect. PAR, 
protease activated receptor; GPCR, G-protein coupled receptor.
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antagonist (20). It selectively inhibits washed human platelet 
aggregation induced by GYPGKF (IC50 =130 nM) in a 
competitive manner but only has a limited inhibitory effect 
on aggregation induced by thrombin, SFLLRN, collagen 
or U46619 (20). YD-3 inhibits thrombin-induced activation 
more significantly when PAR1 is desensitized (21). This 
agent selectively inhibits PAR4-induced platelet activation 
across species (20,21). However, the data from mouse and 
rabbit experiments need to be interpreted with caution 
because the platelet PAR expression profile across species 
is different. The research groups of Hamm and Lindsley 
are also developing PAR4 antagonist by library screening 
and organic chemistry optimization to achieve compounds 
with better drug metabolism and pharmacokinetics 
(DMPK) profiles (22-24). One of their agents, ML354, 
was discovered with an IC50 of 140 nM and a selectivity for 
PAR4 over PAR1 (22-24). Unfortunately, neither of these 
two compounds has been approved for any clinical trial. 
Currently, both ML354 and YD-3 still serve as experimental 
tools in research field to facilitate further characterization 
of PAR4.

BMS-986120

In early 2017, Wong et al. reported a reversible PAR4 
antagonist, BMS-986120 (BMS) that selectively binds to 
PAR4 as a potent and highly efficacious antithrombotic 
reagent (1). In their paper published in Science Translational 
Medicine, Wong et al. performed a high-throughput 
screening of 1.1 million compounds from the Bristol-
Myers-Squibb (BMS) library using a PAR4 activation 
peptide (PAR4-AP)-induced calcium signaling as a read out. 
This screen resulted in the discovery of imidazothiadiazole 
compound 1 (Figure 2B, bottom panel). Optimization of 
this lead compound led to BMS-986120, which has better 
oral bioavailability with higher potency and selectivity (1). 
Preliminary in vitro experiments determined that BMS-
986120 has high binding affinity to PAR4 expressed on 
HEK293 cells and inhibition of PAR4-induced calcium 
mobilization with an IC50 of 0.56 nM (1). Further studies 
showed that it selectively inhibits multiple signaling events 
downstream of PAR4 and does not have agonist activity (1). 
With these promising results on cell lines, they next turned 
their attention to human platelets. BMS-986120 blocked 
human platelet activation in PRP by γ-thrombin and PAR4-
AP with an IC50 <10 nM. The selectivity of BMS-986120 
for PAR4 over PAR1 was confirmed in calcium signaling 
studies using washed platelets stimulated with α-thrombin. 

In these experiments, the calcium profile was the same 
as platelets stimulated with PAR1-AP indicating no cross 
reactivity of BMS-986120 with PAR1.

Pharmacological characterization of BMS-986120 
showed specific, saturable and reversible binding to PAR4. 
In order to facilitate in vivo studies, they determined 
that it also binds to monkey PAR4 with a high affinity. 
This is in contrast to other species where there is a weak 
effect on mouse platelets, and no effect on guinea pig or 
rat platelet aggregation induced by PAR4-AP. The most 
striking data in the paper is that BMS-986120 was able 
to reduce thrombus weight by >80% in the nonhuman 
primate thrombosis model while at the same concentration  
(1 mg/kg) it only increased bleeding 2-fold. In contrast, the 
concentration of clopidogrel that achieved >80% reduction 
in thrombus weight led to >8-fold increase in bleeding. 
This demonstrates in a nonhuman primate model a lower 
bleeding risk and a significantly wider therapeutic window 
compared to the first line antiplatelet therapy, clopidogrel.

The study from Wong et al. is original and stunning. 
First, BMS demonstrates a potential for being the first 
FDA-approved antiplatelet compound specifically targeting 
PAR4. The compound completed two phase I clinical trials 
in 2015 and 2016 respectively in UK (NCT02439190) and is 
currently in phase II clinical trial for thrombosis which will 
provide more information about its safety and comparison 
with current standard antiplatelet therapeutics. Second, 
and more generally, this study highlighted the importance 
of PAR4 in platelet aggregation and provided a strong 
proof of targeting PAR4 as a novel clinical antithrombotic 
strategy. Third, this paper not only highlighted the side 
effect of current standard antiplatelet therapeutics which is 
the extension of bleeding time and potential hemorrhage, 
but also provided three key features to improve the safety 
clinically. One important feature is reversible binding to 
the target. Compared to irreversible antagonists, such as 
clopidogrel and aspirin, the reversible antagonist does not 
inhibit affected platelets throughout their lifetime and 
takes less time to be removed from the circulation. Another 
characteristic that may increase safety is inhibition of PAR4 
reactivity and maintaining PAR1 function unaffected. This 
strategy may preserve initial hemostasis while avoiding 
uncontrolled thrombus growth, which may be beneficial 
for as a means to prevent thrombosis with minimized 
bleeding risk. The last critical feature is the high selectivity 
to the target receptor. The off-target binding to PAR1 of 
some compounds that have PAR4 antagonism effect could 
be deadly since thrombin-induced platelet activation is 
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essential for primary platelet activation. Finally, regardless 
of the results from the clinical trial, BMS-986120 will be a 
useful tool for the thrombosis field to expand understanding 
of PAR4 structure and function. Using vorapaxar to stabilize 
the conformation of the protein, the crystal structure of 
vorapaxar/PAR1 was solved in 2012 (25), which provided 
valuable information about PAR1 overall architecture and 
ligand binding mechanism. Getting inspired by this, BMS-
986120 can also facilitate and promote elucidation of PAR4 
structure.
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