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In this issue of the International Journal of Cardiology Heart &
Vasculature, Nakano et al. [1] highlight protease-activated receptor
type-2 (PAR2) as a candidate target for the anti-inflammatory actions of
rivaroxaban on circulating blood neutrophils.

Coagulation is intimately connected with immunity, [2] and
inflammation provides a critical interface of the two systems, concep-
tually captured by the term “thrombo-inflammation”. Thrombin and
activated factor X (FXa) promote inflammatory signaling via a unique
PAR family. PAR1, the prototypical receptor for thrombin and FXa, is
ubiquitously expressed and involved in many developmental and path-
ophysiological processes. PAR2 is preferentially activated by FXa, but
can respond to higher thrombin levels. [3] PAR2, unlike PAR]1, is tran-
scriptionally regulated via NFkB and moreover self-regulates in a posi-
tive feed-forward manner boosted by cellular redox-stress. [4] Thus,
functional expression of PAR2 specifically increases during inflamma-
tion and inhibition of thrombin versus FXa is expected to have different
cellular consequences.

Nanako et al. [1] provide novel insights into this aspect of thrombo-
inflammation specifically in neutrophils of patients with atrial fibrilla-
tion (AF). AF is a state of hypercoagulation and inflammation that may
be both cause and consequence of the arrhythmia and the underlying
atrial cardiomyopathy. [5,6] Stroke prophylaxis is obligatory in patients
with AF, and this is increasingly achieved with direct oral anticoagulants
(DOAC) that target thrombin (eg. dabigatran) or FXa (eg. rivaroxaban,
apixaban, edoxaban). [7] In the present study, 40 DOAC-naive patients
with newly diagnosed AF were enrolled, and blood neutrophils were
assessed at baseline and after 4 weeks of DOAC therapy for expression of
PAR1 and PAR2. Of note, the authors utilized classical immunoblot for
quantification, an approach which notoriously difficult to apply in blood
neutrophils. The protocol provided in the data supplement involves a
sequential isolation procedure with an acid-precipitation step that yields
convincing and clear immunoblot bands. Alone for this methodological
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feat Nanako et al. are to be highly commended.

PAR1 abundance was largely unaltered after 4-week treatment with
any of the DOAC, in keeping with the relatively inert constitutive
expression of PAR1 in the presence of thrombin and FXa, at least in
vascular cells. [4] Neutrophil PAR2, by contrast, was lower with rivar-
oxaban treatment, possibly reflecting blockade of FXa-driven feed-for-
ward regulation. However, the mean PAR2/B-actin ratio was decreased
from approximately 0.3 before treatment to approximately 0.25 after 4
weeks of treatment (17 %, P = 0.016). Although the effect is rather
small, it could be biologically and clinically relevant and should be
studied in the future. Potential work could include assessment of
oxidative burst, neutrophil extracellular trap (NET) extrusion, cytokine
production or adhesion to endothelial cells, platelets and other circu-
lating cells in isolated neutrophil and whole blood assays. Particularly
NET formation in the AF cohort reported by Nakano et al. [1] would be
important to address, because NETs are culprit drivers of AF-related
thromboembolism and PAR2 is a potent NETosis trigger.

Although all DOAC significantly and comparably reduced coagula-
tion markers, solely rivaroxaban impacted on PAR2 expression. It ap-
pears that rivaroxaban exerts a substance-specific effect at least in
endothelial cells, [8] and this is consistent with evidence that different
DOAC exert characteristic clinical responses [9,10]. None of the
included patients received antiplatelet drugs, so a differential contri-
bution of platelet-neutrophil interactions could well contribute. Subse-
quent work should systematically assess the mechanisms of distinct
regulation of neutrophil PAR expression and function by the individual
DOAC, along with potential context-dependent responses in the pres-
ence of comorbidities and polypharmacy.

Neutrophils are the first immune cells recruited to combat infection
and direct inflammation upon injury. The role of PAR2 in this context is
highly dichotomous. A possible reason for this is the capacity of PAR2 to
mediate so-called biased signaling, leading to distinct cellular responses
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