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Cognitive Vitality Reports® are reports written by neuroscientists at the Alzheimer’s Drug
Discovery Foundation (ADDF). These scientific reports include analysis of drugs, drugs-in-
development, drug targets, supplements, nutraceuticals, food/drink, non-pharmacologic
interventions, and risk factors. Neuroscientists evaluate the potential benefit (or harm) for brain
health, as well as for age-related health concerns that can affect brain health (e.g.,
cardiovascular diseases, cancers, diabetes/metabolic syndrome). In addition, these reports
include evaluation of safety data, from clinical trials if available, and from preclinical models.

PAR4 Antagonists (BMS-986120, BMS-986141)

Evidence Summary
May offer a better therapeutic window and less bleeding risk than other anti-platelet therapies. May

protect against thrombosis and pathogenic vascular inflammation.

Neuroprotective Benefit: PAR4 inhibition may mitigate thrombin-associated inflammation and
neurovascular pathology.

Aging and related health concerns: PAR4 inhibition may protect against thrombosis and
diabetes-related cardiovascular complications.

Safety: May increase risk for bleeding, but to a lesser degree than existing anti-platelet
therapies. Additional immunosuppressant effects or clinical population dependent effects are

possible.
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What is it?

Protease-activated receptor (PAR)4 belongs to a class of G-protein coupled receptors (GPCRs) that are
activated by serine proteases [1]. PARs play important roles in hemostasis, thrombosis, inflammation,
and cell proliferation. Although thrombin is the best characterized activator, PAR4 is also activated by a
variety of proteases released in response to cellular injury, such as cathepsin and trypsin. PAR4 is
expressed on a variety of cell types, but aside from platelets, expression tends to be low under basal
conditions, and upregulated in response to cell stressors [2]. Human platelets express PAR1 and PAR4,
which together mediate the platelet response to thrombin. PAR1 is the high affinity thrombin receptor
with rapid kinetics and a transient Ca?* response which initiates the aggregation response, while PAR4 is
the low affinity thrombin receptor with slower kinetics leading to a prolonged elevation in intracellular
Ca?" levels that sustains the irreversible platelet aggregation response [1]. PAR1 and PAR4 mediate
different downstream signaling due to the different kinetics of their Ca?* responses. Furthermore, they

Conquering Alzheimer’s 57 West 57th Street, Suite 904 CognitiveVitality.org 2
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://pubchem.ncbi.nlm.nih.gov/substance/381744950
https://pubchem.ncbi.nlm.nih.gov/compound/Unii-W530irz40G

Alzheimer’s O

Drug Discovery Cognitive
Foundation Vitality.org Last updated on January 22, 2020

can form heterodimers with other GPCRs involved in platelet activation, including adenosine P2Y12, a2-
adrenergic, and b2 bradykinin receptors.

PAR4 antagonists are expected to have a better therapeutic window and lower bleeding risk than
PAR1 antagonists when used in combination with other anti-platelet therapies, because unlike existing
therapies that act on the initiation of coagulation, PAR4 acts at a later stage in the process [3]. Since the
physiological contributions of PAR4 are most relevant under conditions of cell stress and inflammation,
PAR4 antagonists are expected to primarily ameliorate pathological processes without significantly
impacting necessary physiological processes.

Although a variety of PAR4 antagonists have been developed as tool compounds for research use, most
lack the drug properties necessary for clinical development. BMS-986120 and BMS-986141 are
optimized versions of PAR4 inhibitors identified in a small molecule screen. They were previously under
clinical development for thrombosis by Bristol Myers Squibb.

Neuroprotective Benefit: PAR4 inhibition may mitigate thrombin-associated inflammation and
neurovascular pathology.

Types of evidence:

e 1 genetic association study for PAR4 SNP and stroke
e Several laboratory studies for PAR4 biology

Human research to suggest prevention of dementia, prevention of decline, or improved cognitive

function? None

Human research to suggest benefits to patients with dementia: None

Mechanisms of action for neuroprotection identified from laboratory and clinical research:

Alzheimer’s disease: Potential benefit based on thrombin biology

PAR4 antagonists have not yet been tested in the context of Alzheimer’s disease (AD), but there is
evidence to suggest that PAR4 inhibition could potentially protect against thromboinflammation
associated pathology.
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Thrombin plays a role in regulating CNS cells in a concentration dependent manner. Low concentrations
are associated with neuroprotection, while high concentrations can promote neurodegenerative
processes [4]. AB42 has been shown to activate thrombin, suggesting that the buildup of amyloid
promotes the neurotoxic effects of thrombin [5]. Brain derived microvessels and cerebrospinal fluid
(CSF) samples from AD patients were found to express higher levels of thrombin than age-matched
controls [6].

The PAR thrombin receptors are implicated in mediating the balance between neuroprotection and
neurodegeneration by regulating the inflammatory response. The PARs can modulate the response to
thrombin in the resident inflammatory mediators of the CNS, astrocytes and microglia [4]. In mice and
rats, PAR4 was found to induce potent pro-inflammatory microgliosis, while PAR1 only had a minor
stimulatory effect on the microglia [7]. Caution is warranted in translating preclinical animal studies
assessing PAR function, due to differences in PAR expression across species, so verification of this
finding in human tissue is needed. The discrepancy between PAR1 and PAR4 in microglial activation may
stem from the finding that PAR4 levels are more dynamically regulated in response to inflammatory
mediators [2]. Additionally, as a low-affinity thrombin receptor PAR4 is more likely to respond in the
context of high thrombin levels, suggesting that PAR1 may mediate thrombin responses under basal
conditions, whereas PAR4 activation may contribute to high thrombin associated pathology.

Aside from their roles in modulating CNS resident cells, PARs may contribute to neurovascular pathology
in AD by modulating the activation status of platelets. Platelet activation increases in response to the
presence of inflammatory mediators, which is thought to contribute to a feed-forward cycle of
thromboinflammation [8]. The level of coated platelets, which are a subpopulation of platelets activated
by collagen and thrombin that have high surface levels of procoagulant factors, was found to be
correlated with disease progression in AD patients (r=-0.47) based on the change in Mini-Mental State
Examination (MMSE) scores [9].

Stroke: Potential benefit based on genetic association of PAR4 and stroke

PAR4 expression is sensitive to the presence of inflammatory mediators and oxidative stress, which
likely accounts for its upregulation in the context of cerebral ischemia. The alanine to threonine
substitution stemming from a G to A single nucleotide polymorphism (SNP) at amino acid 120 of PAR4, is
associated with increased PAR4 expression and platelet activation [10]. In a genetic association study
(n=6255), there was a modest effect size for increased risk for stroke [Odds ratio (OR): 1.166, 95%
confidence interval (Cl) 1.006 to 1.356 for each A allele], and for large artery stroke (OR: 1.232, 95% ClI
0.997 t01.524 for each A allele) associated with the Thr120-A variant [11].
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The PAR4 antagonist, BMS-986141 (0.8 mg or 4.8 mg) in combination with aspirin (75 to 162 mg) for up
to 28 days, was tested in a small placebo-controlled Phase 2 RCT (NCT02671461) (n=16) in patients who
recently had a stroke or transient ischemic attack. The study was designed to assess the recurrence of
stroke and bleeding risk following treatment; however, the outcome data was not analyzed due to study
termination and the discontinuation of clinical development of this therapeutic agent.

In mice, PAR4 deficient mice had reduced cerebral infarct volume, neuronal death, BBB permeability,
cerebral edema, and neurological impairments in the middle cerebral artery occlusion (MCAO) stroke
model relative to wild-type mice [12]. The protective affects were attributed to decreased platelet
activation and cerebral vascular inflammation. Due to species specific PAR expression, it is unclear how
applicable these findings are to humans.

APOE4 interactions: Unknown

Aging and related health concerns: PAR4 inhibition may protect against thrombosis and diabetes-
related cardiovascular complications.

Types of evidence:

e 2 clinical trials for BMS-986120 on ex vivo platelet responses in healthy volunteers
e 2 genetic-phenotype association studies for PAR4 SNP and platelet activation
e Several laboratory studies for PAR4 biology

Thrombosis: Potential benefit (ex vivo studies)

The PAR4 antagonists BMS-986120 and BMS-986141 were developed as anti-thrombotic agents. In the
electrolytic carotid artery thrombosis (ECAT) model in cynomolgus monkeys, BMS-996120 and BMS-
98141 reduced thrombosis weight by 82% (at 1 mg/kg) and 88% (at 0.5 mg/kg), respectively [13; 14].
These therapeutic agents reduced PAR4 induced platelet aggregation, but had minimal impact on
hemostasis or bleeding risk. Similarly, ex vivo PAR4 induced platelet aggregation was inhibited in
healthy subjects treated with BMS-986120 (n=66) in a dose-dependent manner in a Phase 1 RCT [15]. In
a separate Phase 1 trial in healthy male volunteers (NCT02439190) (n=40), BMS-986120 (60 mg)
inhibited ex vivo PAR4 stimulated P-selectin expression by 92%, platelet aggregation by 85%, platelet-
monocyte aggregates by 81%, and thrombus formation at a high shear rate, which is the fluid velocity
divided by the distance from the vessel wall, by 29% [16]. The degree of inhibition was correlated with
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plasma levels of BMS-986120. Notably, BMS-986120 did not affect thrombus formation at low shear.
This distinction is significant because thrombus-prone arteries tend to have high shear stress, whereas
bleeding prone vessels tend to have low shear rates [17].

SNPs in PAR4 are implicated in differential race-related cardiovascular event risk. A study comparing
platelets from self-identified black (n=70) and white (n=84) participants found that, on average, platelets
from black participants expressed 14% more PAR4 [10]. The Thr120-A variant SNP (rs773902) was found
to be more common in black participants (63%), while the Alal120-G variant was more common in white
participants (81%). The Thr120-A variant was associated with higher PAR4 induced platelet
aggregation and Ca* response. Homozygotes for the Thr120-A variant showed 3-fold lower sensitivity
to PAR4 desensitization relative to Alal120-G variant homozygotes [11]. Platelets from Thr120-A variant
homozygotes also required over 2 times higher concentrations of the PAR4 antagonist YD-3 to achieve
the same level of PAR4 inhibition, suggesting that the therapeutic window of PAR4 antagonists could be
subject to a genotype effect [10]. However, the efficacy of BMS-986120 and related compound UDM-
001651 was not influenced by this SNP in cell culture experiments [11; 18].

Diabetes: Potential benefit for cardiovascular inflammation (preclinical)

Diabetics have hyperreactive platelets, coagulation abnormalities, and impaired angiogenesis,
suggesting a role for PAR4 overactivation [19]. PAR4 expression is dynamically regulated, and increases
in a variety of cell types in response to cell stressors, including high glucose conditions. PAR4 was
found to be upregulated in human smooth muscle cells and cardiac fibroblasts following exposure to
high glucose [20; 21]. This upregulation drives processes associated with adverse vascular and cardiac
remodeling, such as smooth muscle cell proliferation and migration, as well as the expression of pro-
inflammatory mediators. While PAR1 levels were not affected, PAR4 was found to be increased in the
right atrial appendages from patients with type 2 diabetes, and PAR4 expression was positively
correlated with levels of IL-1b and cleaved caspase-1 [21].

PAR4 also promotes vascular inflammation by attracting immune cells. PAR4 mediated platelet
activation promotes the release of leukocyte recruiting granules [22], while upregulation of PAR4 on
monocytes, neutrophils, and leukocytes can trigger pro-inflammatory signaling [2]. The increase in
circulating activated platelet-leukocyte aggregates in diabetic patients is consistent with an increase in
PAR4 activation [19]. Although one study found that the ex vivo response to PAR4 was similar in
platelets from diabetics and non-diabetics, the lack of a differential response may stem from the fact
that glucose levels were well-controlled in this particular patient cohort [19].
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Mouse models of diabetes have increased cardiovascular expression of PAR4, while PAR4 deficient mice
are partially protected against diabetes-associated cardiovascular inflammation and remodeling [2]. In
the high-fat diet induced model, cardiac upregulation of PAR4 drives the activation of the NLRP3
inflammasome, and downstream IL-13 mediated inflammation [21]. The loss of PAR4 prevented these
adverse cardiac inflammatory processes in this model.

These studies suggest that while PAR4 may not significantly contribute to cardiovascular function in
healthy individuals, it may contribute to cardiovascular inflammation in a clinically meaningful manner in
the context of diabetes, such that PAR4 antagonists may offer therapeutic benefit.

Cancer: Potential benefit for cancer-associated thrombosis and colon cancer (preclinical)

The tumor microenvironment contains high levels of thrombin, and thrombin plays a role in supporting
tumor growth and migration [23]. The activation of angiogenesis, which is essential for the growth of
solid tumors, is one of the primary mechanisms by which thrombin favors tumor maintenance. Since the
actions of thrombin in cancer are PAR mediated, tumor cells can manipulate the expression of PARs to
promote their survival. By modulating the balance between PAR1 and PAR4, tumor cells can hijack the
angiogenic properties of platelets. Platelets are known to secrete distinct subpopulations of granules.
The granules can contain either pro-angiogenic or anti-angiogenic factors, and ex vivo studies have
found that PAR1 stimulation drives secretion of pro-angiogenic granules, while PAR4 stimulation drives
secretion of anti-angiogenic granules [24; 25]. Correspondingly, most cancers show a pattern where
PAR1 expression is upregulated and PAR4 is downregulated. The expression of angiogenesis promoting
PAR1 is correlated with malignant phenotype. Thrombin can also drive tumor growth through the
release of growth factors and pro-survival signaling, which is at least in part, driven by the PAR driven
activation of ERK1/2 [23]. While in most tumors studied thus far, ERK1/2 mediated growth is driven by
PAR1 [26], tumor growth and migration appear to be driven by PAR4 in colon cancer [27]. Preclinical
studies show that PAR4 promotes tumor cell apoptosis in a variety of cancer cell lines [28], aside from
colon cancer. However, since PAR4 expression already tends to be low in most cancers, it is unclear
whether treatment with a PAR4 antagonist would meaningfully contribute to tumor survival.

Aside from any potential influence on tumor growth, PAR4 inhibitors may play a beneficial role in
cancer-associated thrombosis, which is the second leading cause of death in cancer patients [29].
Individuals with cancer are at 4 to 7 times higher risk for developing thrombosis, and cancer patients
with a thrombolytic event have 2 to 3 times higher mortality risk [30]. As this bidirectional relationship
suggests, platelets and tumor cells influence the behavior of one another. For example, platelet
activation has been shown to be increased in breast cancer patients, which is associated with higher risk
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for thrombocytosis [31]. Tumor cells can trigger platelet activation and aggregation. The platelet- tumor
cell interactions can drive platelets to release procoagulant extracellular vesicles [32]. There is some
evidence to suggest that PAR4 stimulated platelet-derived vesicles have the highest procoagulant
potential [33]. Therefore, PAR4 antagonists could potentially mitigate the risk for cancer-associated
thrombosis, though this hypothesis has not yet been clinically tested.

Pain: Potential tissue dependent effects for analgesia or exacerbation of pain

PAR4 is activated by serine proteases released in the context of injury and inflammation, such as
cathepsin and trypsin, which contributes to pro-inflammatory signaling [1]. Studies assessing the role of
PAR4 in nociception have produced conflicting results, as the injection of a PAR4 agonist into rat hind
paw elicited an analgesic response [34], whereas it exacerbated the pain response when injected into
the knee joint [35]. These studies suggest that the nociceptive properties of PAR4 may be tissue specific,
as well as species specific.

Safety: May increase risk for bleeding, but to a lesser degree than existing anti-platelet therapies.
Additional immunosuppressant effects or clinical population dependent effects are possible.

Types of evidence:

e 2 Phase 1 clinical trials for BMS-986120 in healthy volunteers
e 4 clinical trials for BMS-986141 (3 Phase 1 in healthy volunteers; 1 Phase 2 in stroke)
e Several laboratory studies

BMS-986120 (NCT02208882, NCT02439190) and BMS-986141 (NCT02341638, NCT02957448,
NCT02922452) were tested in Phase 1 clinical trials in healthy volunteers. BMS-986120 was tested as a
single oral dose (n=42) from 0.5 to 180 mg and in multiple doses (n=24) from 2.5 to 100 mg/day for 14

days [15]. The drug showed rapid absorption and distribution, with dose-related exposures. Ex vivo
studies indicated robust inhibition of PAR4 induced platelet aggregation, but not PAR1 induced platelet
activation. The incidence of treatment emergent adverse events was similar between BMS-986120 and
placebo, and there were no drug-related discontinuations. BMS-986120 did not have any clinically
meaningful impacts on routine coagulation tests or template bleeding times. In a separate study
(NCT02439190) (n=40), BMS-986120 (60 mg oral dose) was administered 18 hours prior to the
combination of aspirin and clopidogrel, and was found to be well-tolerated and produced no clinically
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significant effects on biochemical, hematologic, coagulation, physical, or electrocardiogram (ECG) safety
measurements [16].

BMS-986141 was tested in single oral doses up to 150 mg and multiple doses up to 30 mg/day for 14
days, including a subset of participants who received BMS-986141 in combination with aspirin or the
cytochrome P450 3A4 inhibitor itraconazole (n=148) (NCT02341638). There were no clinically significant
adverse events or findings on routine laboratory tests including coagulation profiles, template
bleeding times, or liver enzyme tests (Clinical Protocol CV006004). When combined with itraconazole,
participants experienced up to 8-fold increased exposure of BMS-986141, and a 3-fold prolongation of
half-life. In 28-day toxicity studies in monkeys, microscopic changes consistent with degeneration and
regeneration in the kidney were observed with the highest dose (75 mg/kg/day).

PAR4 antagonists are expected to be associated with increased bleeding risks when used in combination
with other anticoagulants. However, since PAR4 acts at a later step in the platelet activation and
coagulation process relative to other available anti-platelet therapies, it is expected that the addition of
a PAR4 antagonist will offer lower bleeding risk potential relative to currently used combinations. Most
notably, PAR4 antagonists are expected to be safer than the PAR1 inhibitor, vorapaxar, which is limited
by its very high bleeding risk when used in combination with standard of care therapy for thrombosis
[3]. In cynomolgus monkeys, BMS-986141 (0.5 mg/kg), was associated with 1.2-fold increased bleeding
time in the mesenteric artery, which is lower than the 2.2-fold increase for aspirin [14]. BMS-986141 in
combination with aspirin increased bleeding time by 2.6 to 3-fold, which is far lower than the 8-fold
increase in bleeding time for clopidogrel, which has been used as the standard of care.

Since PAR4 is induced in response to cellular stressors, its effects are context dependent, suggesting that
the side effect profile could vary in different clinical populations. PAR4 deficient mice do not show
spontaneous phenotypes, aside from minor bleeding, since PAR4 has minimal contribution to the
activity of non-platelet cells under basal conditions, but phenotypes emerge in response to physiological
challenges, when PAR4 activity becomes biologically relevant [3]. Due to its role in inflammation and
injury responses, PAR4 inhibition could potentially increase the risk for infections by dampening the
immune system [2].

Sources and dosing:

BMS-986120 is available for research use from commercial suppliers, but clinical development has been
discontinued. It had been administered orally in clinical trials, and doses 210 mg could fully inhibit ex
vivo PAR4 mediated platelet aggregation and activation.
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Research underway:

Bristol Myers Squibb has discontinued clinical development of BMS-986120 and BMS-986141 for
unknown reasons. There are several academic labs working to develop new PAR4 antagonists, including
derivatives of BMS-986120, with improved metabolic stability and pharmacokinetic properties [36; 37;
38].
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