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Direct oral anticoagulants (DOACs), widely used in clinical practice
to reduce thrombotic risk, work by directly inhibiting factor Xa or
thrombin. Recent research has revealed an ongoing clinical implication
— their impact on protease-activated receptors (PARs) [1]. Factor Xa and
thrombin activate PAR-1 and PAR-2, which can promote inflammatory
and fibrotic responses. The present study aimed to assess PAR-1 and
PAR-2 expressions on circulating neutrophils among atrial fibrillation
(AF) patients treated with DOACs.

This study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki, and was approved by the Tohoku University
Institutional Review Board (Approval Number: 2020-1-326). Informed
consent was obtained from all patients. We enrolled 40 consecutive AF
patients who were previously untreated with anticoagulants. Blood
samples were collected both before and four weeks after the adminis-
tration of DOACs, including dabigatran, rivaroxaban, apixaban, and
edoxaban. We measured the expression of PAR-1 and PAR-2 in circu-
lating neutrophiles, as well as prothrombin time (PT) and activated
partial thromboplastin time (APTT). The assessment of PAR-1 and PAR-
2 expression was conducted using Western blotting, employing the
following antibodies; anti-PAR1/thrombin receptor antibody
(ab183083), anti-PAR2 antibody [EPR13675] (ab180953), and anti-
B-actin antibody [AC-15] (ab6276) for detecting PAR-1, PAR-2, and
B-actin, respectively. p-actin served as the internal control (Supple-
mentary File) [2].

For statistical analysis, continuous variables are presented as means
+ standard deviation (SD). Group comparisons for multiple continuous
variables were conducted using the Wilcoxon signed-rank test. Statisti-
cal significance was defined as a P-value of <0.05. All statistical analyses
were carried out using JMP software, version 16.0 (SAS Institute, Cary,
NC, USA).

Patient characteristics are presented in Table 1. The mean age was
58.3 + 12.8 years, and 34 (85 %) were male. Among the enrolled pa-
tients, 25 (62 %) had paroxysmal AF, while 15 (38 %) had persistent AF.
Dabigatran was administered to 10 (25 %) patients, rivaroxaban to 12
(30 %), apixaban to 9 (23 %), and edoxaban to 9 (23 %) (Table 1).
Importantly, all patients enrolled in this study received DOAC treatment
either at standard or reduced doses based on individual dosage reduc-
tion criteria.

PAR-1 expression remained unchanged following administration of
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any DOACs (Fig. 1A). In contrast, rivaroxaban administration resulted in
a significant decrease in PAR-2 expression, while other DOACs had no
effect (Fig. 1B). Notably, all 4 DOACs significantly and similarly pro-
longed both PT and APTT (Fig. 1C and 1D).

While DOACs are well-established for their role in inhibiting factor
Xa and thrombin to suppress thrombotic conditions, emerging evidence
suggests that their beneficial effects may extend beyond anti-
coagulation. The novel finding of the present study is that, despite the
similar inhibitory effects on PT and APTT among the 4 DOACs, only
rivaroxaban induced a significant reduction in PAR-2 expression.

Factor Xa and thrombin are known for their capacity to activate
PARs, which can initiate processes associated with inflammation. Given
the significant roles of PAR-1 and PAR-2 in the inflammation, targeting
this pathway may present an intriguing potential strategy. DOACs with
similar anticoagulant effects could also be characterized by different
efficacy and safety profiles.

Rivaroxaban, an active factor X (FXa) inhibitor, has been demon-
strated to exert protective effects in various diseases. Pretreatment with
rivaroxaban reduced intracerebral hemorrhage volume in a rat cerebral
infarction model compared to warfarin [3]. In murine pressure-overload
heart models, rivaroxaban administration attenuated cardiac inhomo-
geneous interstitial fibrosis and macrophage infiltration [4]. Addition-
ally, in a murine myocardial infarction model, rivaroxaban treatment
improved survival curves and attenuated heart failure [5]. Rivaroxaban
also showed protective effects against angiotensin II-induced murine
renal damage, including glomerular hypertrophy, mesangial matrix
expansion, podocyte foot process effacement, and thickened glomerular
basement membrane [6]. Inhibition of FXa by rivaroxaban has been
reported to decrease the functional expression of PAR-2 in human
smooth muscle cells (SMCs), thereby mitigating vascular remodeling
such as SMC proliferation and migration [7].

Considering the central role of the inflammatory response via the
PAR-2 pathway in the aforementioned pathological conditions,
rivaroxaban-mediated PAR-2 inhibition could represent a novel thera-
peutic strategy for human inflammatory diseases. Here, we present the
first successful demonstration of rivaroxaban’s inhibitory effect on PAR-
2 in circulating neutrophils, a key player in inflammatory conditions.
Previous studies have suggested that dabigatran, a direct thrombin in-
hibitor, may increase platelet reactivity by upregulating the density of
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Table 1
Patient characteristics.
All Dabigatran Rivaroxaban Apixaban Edoxaban
(n = 40) (n=10) (n=12) n=29) (n=09)
Medication dose: n 300 mg:5, 220 mg:5 15 mg:12 10 mg:9 60 mg:7,
30 mg:2
Age, years 58 £13 59 +£12 51 +14 61 £13 63 +8
Male, n (%) 34 (85) 10 (100) 11 (92) 7 (78) 6 (67)
LVEF, % 63 £11 57 £ 14 66 £ 7 59 £10 68 £5
LAD, mm 38+5 39+5 37+6 375 39+5
Persistent AF, n (%) 15 (38) 5 (50) 2(17) 6 (67) 2(22)
Median CHADS; Score 0.5+ 0.6 0.6 £ 0.7 0.3 +0.4 0.3 +0.5 0.9 £ 0.6
CHF, n (%) 103 1(10) 0 0 0
Hypertension, n (%) 15 (38) 3(30) 3(25) 3(33) 6 (67)
Age > 75 years, n (%) 2 (5) 1(10) 0 0 1(11)
Diabetes mellitus, n (%) 1) 100 0 0 0
Stroke/TIA, n (%) 0 0 0 0 0
History of MI 0 0 0 0 0
Smoking, n (%) 16 (40) 2 (20) 4(33) 5(56) 4 (44)
Current smoker 2(5) 0 1(8) 11 0
Ex-smoker 14 (35) 2 (20) 3 (25) 4 (44) 5 (56)
Antiplatelet drug, n (%) 0 0 0 0 0
Statin, n (%) 3(8) 1(10) 0 0 2(22)
LVEF, left ventricular ejection fraction; LAD, left atrial diameter; AF, atrial fibrillation; CHF, congestive heart failure; TIA, transient ischemic attack; MI, myocardial
infarction
PAR-1 PAR-2
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Fig. 1. Changes in PAR-1 and PAR-2 Expressions (Upper Panel), PT, and APTT (Lower Panel) following DOAC Administration. Panel A shows alterations in
PAR-1 expression following the administration of DOACs (dabigatran, rivaroxaban, apixaban, and edoxaban). Similarly, panel B shows changes in PAR-2 expression,
panel C shows PT, and panel D represents APTT. The black line represents individual data, and the red bold line indicates the average value. PAR, protease-activated
receptors; PT, prothrombin time; INR, international normalized ratio; APTT, activated partial thromboplastin time; DOACs, direct oral anticoagulants. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

thrombin receptors, specifically PAR-1 and PAR-4 [8]. While our find-
ings may appear inconsistent with these results, it is important to note
that our analysis focused on PAR expression in circulating neutrophils,
which could contribute to these differing outcomes.

Indeed, previous studies reported the effectiveness of rivaroxaban,
even at a reduced dose of 2.5 mg twice daily, in reducing thrombotic
events and all-cause mortality when combined with dual antiplatelet
therapy in patients with acute coronary syndrome [9]. In stable coro-
nary artery disease (CAD) patients, the addition of low-dose rivaroxaban

to acetylsalicylic acid has shown promise in reducing thrombotic risk
[10]. Notably, in patients with AF and stable CAD, monotherapy with
rivaroxaban has demonstrated non-inferior efficacy and superior safety
compared to combination therapy with rivaroxaban and a single anti-
platelet agent, as evidenced in the AFIRE trial [11].

Several limitations should be mentioned. First, although the inhibi-
tory effects of rivaroxaban were evident, the sample size was small in a
single center study. Second, since PAR-1 expression remained un-
changed, further studies are warranted.
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In conclusion, the present study demonstrated the novel inhibitory

effect of rivaroxaban on PAR-2 expression, suggesting its anti-
inflammatory effect.
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Supplementary data to this article can be found online at https://doi.
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