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Mouse model hints at pharmacogenomic strategies for 
stroke treatment in patients possessing a risk variant

It has been over three decades since the 
thrombin receptor was cloned and its 
mechanism of action revealed (1). We now 
know that thrombin-activated G-protein 
coupled receptors (PARs) are a group of 
proteins that play a role in various physio-
logical processes, including stroke. When 
thrombin, a key enzyme involved in blood 
clotting, binds to PARs, it triggers a cas-
cade of cellular events. PAR-1 and PAR-
4 are the two main thrombin-activated 
receptors relevant to stroke.  In stroke, 
the activation of PARs by thrombin can 
contribute to protective and detrimen-
tal effects (2). On one hand, PAR activa-
tion can promote neuroprotection, tissue 
repair, and angiogenesis that may aid in 
stroke recovery. On the other hand, exces-
sive PAR activation can lead to inflam-
mation, blood-brain barrier disruption, 
and neuronal damage, worsening stroke 
outcomes. Notably, PAR-1 activation can 
exacerbate brain injury in stroke by pro-
moting inflammation and blood-brain 
barrier dysfunction, while PAR-1 block-
ade has potential therapeutic benefits 
in reducing stroke-related damage and 
improving outcomes.  As for PAR-4, its 
role in stroke is less well- defined. PAR-
4 activation may contribute to platelet 
activation and thrombosis, which could 
worsen stroke outcomes. However, fur-
ther investigations are needed to fully 
understand the impact of PAR-4 in stroke 
pathophysiology.

In this issue of the JCI, Denorme and 
colleagues (3) investigated the potential 
contribution of a known PAR-4 genetic 
variant with high prevalence in patients 
with African ancestry to ischemic stroke 
(IS). The F2RL3 gene that encodes 
PAR harbors a functional genetic vari-
ant, rs773902 A/G (encoding Thr120/
Ala120, respectively) and is associat-

ed with augmented platelet aggrega-
tion (4). The A allele frequency is more 
common in Black individuals, and Black 
individuals have a higher incidence of 
ischemic stroke than White individu-
als. To examine this subject, the authors 
engineered an elegant model of human 
PAR4 (hPAR4) that expressed the nor-
mal allele and the variant in mice using 
a CRISPR-Cas9 gene editing approach. 
The major findings were notable — mice 
carrying the human PAR4 risk allele had 
worse stroke outcomes, which correlat-
ed with more platelet-neutrophil aggre-
gates and neutrophil extracellular traps 
(NETs) in brain tissue than mice with the 
lower-risk allele. Moreover, mice carry-
ing the high-risk allele responded well 
to pharmacological PAR4 inhibition and 
to P-selectin blockade in terms of stroke 
outcomes. However, the mice did not 
respond well to contemporary anti-plate-
let therapies, which instead promoted 
cerebral hemorrhage in the stroke mod-
el. Finally, human population data indi-
cated that Black individuals carrying 
the high-risk allele were more prone to 
ischemic stroke and worse neurological 
outcomes, and human platelets carry-
ing the high-risk allele induced greater 
NET formation ex vivo. These findings 
are important because they expand 
upon the current understanding of the 
PAR4 Ala120Thr variant in vivo and its 
implications for stroke outcomes. They 
also provide unexpected and valuable 
pharmacogenomic hints into therapeu-
tic approaches that may provide better 
outcomes for stroke patients carrying 
the risk variant (Thr120) than traditional 
anti-platelet therapies.
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