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Direct factor Xa (FXa) inhibitors have been used as active
oral anticoagulant agents to prevent stroke and deep vein
thrombosis. Recently, the anti-inflammatory effects of FXa
inhibitors have been expected to reduce the risk of future
cardiovascular events via its effect on various signaling
pathways through activation of protease-activated receptors
(PARs) and non-PARs [1]. PARs are seven-transmembrane
domain receptors that are activated by the specific proteolytic
cleavage of the N-terminal extracellular domain by endo-
genous serine proteases, such as thrombin (which acts on
PAR-1, -3, and -4) and trypsin, tryptase, factor VIla, and FXa
(which act on PAR-2), and the released N-terminal tail binds
the receptor itself and induces intracellular signaling [2].

The present study by Narita et al. demonstrates that a direct
FXa inhibitor, rivaroxaban (Riv), has a protective effect
against cardiac hypertrophy and fibrosis development via
PAR-2 inhibition in angiotensin (Ang) II-overexpressing
(Ren-Tg) mice. Treatment with Riv reduced blood pressure
and cardiac hypertrophy and fibrosis, with reduced proin-
flammatory and profibrotic cytokine expression. This group
performed experiments with FSLLRY, a PAR-2 antagonist,
and the results suggest a similar effect of Riv and FSLLRY
on signaling pathways, such as the phosphorylation-
activated Erk pathway. Narita et al. had previously repor-
ted the protective effects of Riv against renal damage
through the inhibition of PAR-2 signaling-mediated
inflammation in Ren-2 mice [3]. Thus, the present study is a
subseries report of their research focusing on PAR signaling
in Ren-2 mice. The effects of Riv on cardiovascular disease
have also been recently reported by others. Bode et al.
demonstrated that early administration of Riv preserves
cardiac function in left anterior descending artery-ligated
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models established with PAR-2-deficient mice [4]. Using a
myocardial infarction model, Nakanishi et al. also reported
cardioprotective effects of Riv via downregulation of the
PAR-2 pathway [5]. Moreover, a relationship between Ang
IT and PAR signaling in PAR-1-deficient mice was reported
by Antoniak et al. [6]. PAR-1-knockout mice treated with a
subpressor dose of Ang II for 4 weeks failed to cause
vascular remodeling of the aorta but did induce cardiac
hypertrophy, in contrast to the effect on wild-type mice,
indicating that PAR-1 plays a significant role in “vascular”
remodeling induced by Ang II without raising blood pres-
sure. Narita et al. also previously demonstrated cardiopro-
tective effects of PAR-1 inhibition by SCH79797, a PAR-1
antagonist, on cardiac hypertrophy and fibrosis in Ren-2
mice [7]. They also showed that the FXa-induced
enhancement of hypertrophic signaling in isolated cardiac
fibroblasts was abolished by SCH79797, indicating that
both PAR-1 and PAR-2 are activated in association with
FXa in Ren-2 mice. Although Rev mainly affects PAR-2
signaling, FXa inhibition may also reduce PAR-1 signaling.
Therefore, continuous activation of the renin-angiotensin
system (RAS) may synergistically or additively affect PAR
signaling, resulting in the induction of cardiovascular
dysfunction.

The present study shows that treatment with Riv induces
blood pressure reduction in Ren-2 mice. PAR-2 activation
induces vasorelaxation associated with endothelial activa-
tion partially through the release of nitric oxide [8].
McGuire et al. reported that baseline blood pressure is
higher in PAR-2-deficient mice, but a lower blood pressure
trend was observed in PAR-2-deficient mice fed a high salt
diet and treated with Ang II but not in wild-type mice [9].
As described in the Discussion, the underlying mechanism
of the SBP-lowering effect of Riv is unclear. The inhibitory
effects of Riv on PAR-2-induced vascular inflammation
may be involved, but whether there is a relationship
between PAR-2 signaling and the Ang II type 1 receptor
(AT{R) in blood pressure regulation has not been eluci-
dated. If Riv acts independently in RAS regulation of blood
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Fig. 1 Correlation between
PARs and RAS in cardiac
hypertrophy and fibrosis and
blood pressure elevation. Ang II
angiotensin II, ATIR
angiotensin II type 1 receptor,
ARB ATIR blocker, FXa factor
Xa, PAR protease-activated
receptor, p-ERK phosphorylated
extracellular signal-regulated
kinase, RAS renin-angiotensin
system, Riv rivaroxaban
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pressure, then combined effects of an AT;R blocker
(ARB) and Riv can be expected. Poststroke patients and
patients with atrial fibrillation are commonly treated
with both antihypertensive and anticoagulation drugs.
Therefore, to prove that cotreatment with RAS
blockade and direct FXa inhibition has additive or syner-
gistic effects, basic animal studies and clinical research
focusing on blood pressure and organ damage in patients
treated with a combination treatment of ARB and Riv are
needed (Fig. 1).
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