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Abstract. Thromboembolism is a commonly observed 
condition in geriatrics that is caused by vascular endothelial 
injury, platelet activation, physiological coagulation processes, 
reduction of anticoagulant activity, decreased fibrinolytic 
activity and abnormal flow in the heart chamber, artery or vein. 
The protein C anticoagulant system serves a crucial role in 
anticoagulant therapy for the treatment of thromboembolism. 
Previous findings have suggested that edoxaban is an 
efficient oral anticoagulant in the acute treatment of venous 
thromboembolism. In the present study, the efficacy of 
edoxaban on thromboembolism induced by atrial fibrillation 
was investigated in a mouse model. Inflammatory factors 
interleukin (IL)‑1, ‑4, ‑8 and tumor necrosis factor (TNF)‑α 
were analyzed in the sera of mice with fibrillation induced by 
thromboembolism. Expression and activity of thymic stromal 
lymphopoietin (TSLP) and activated protein C resistance were 
investigated in platelets and vascular endothelial cells (VECs). 
TSLP‑induced platelet viability, Wnt‑β phosphorylation and 
integrin expression were analyzed in platelets. Furthermore, 
Wnt‑β expression and the phosphoinositide 3‑kinase 
(PI3K)/protein kinase B (AKT) signaling pathway in VECs 

were analyzed. Results demonstrated that the expression levels 
of IL‑1, ‑4, ‑8 and TNF‑α were significantly downregulated 
in the sera of mice with fibrillation and thromboembolism 
following treatment with edoxaban (P<0.01). Furthermore, 
the expression levels of prostacyclin (PGI2), prostaglandin 
(PG)E2, PGD2 and PGF2α were significantly increased in 
the sera of experimental mice that received edoxaban therapy 
(P<0.01). Results also indicated that edoxaban significantly 
stimulated the protein expression of TSLP and activated Wnt‑β 
phosphorylation and integrin expression in platelets (P<0.01). 
In addition, edoxaban therapy significantly upregulated 
the expression levels of PI3K and AKT, and subsequently 
increased the activity of protein C and S in VECs (P<0.01). 
Notably, edoxaban treatment improved atrial fibrillation and 
thromboembolism, as determined by pathological analysis. 
In conclusion, these results suggested that edoxaban elicited 
beneficial effects for mice with atrial fibrillation induced by 
thromboembolism through the regulation of the Wnt‑β‑induced 
PI3K/ATK‑activated protein C system.

Introduction

Thromboembolism is a severe life‑threatening disease that 
comprises deep vein thrombosis and deep artery thrombosis 
and is caused by vascular endothelial injury, platelet activation, 
physiological coagulation processes, reduction of anticoagulant 
activity, decreased fibrinolytic activity and abnormal flow in 
the heart chamber, artery or vein (1,2). Thromboembolism 
has been reported to significantly affect the quality of life 
in patients with venous thrombosis (3,4) and has also been 
indicated to lead to microcirculation dysfunction, embolism 
of skin mucous membrane necrosis, organ dysfunction 
and bleeding tendencies and pulmonary embolism  (5,6). 
Clinical investigation has revealed that atrial fibrillation 
and thromboembolism significantly affects health  (7). 
Furthermore, atrial fibrillation has been demonstrated to cause 
sudden fatality in patients with thromboembolism (7).

Previous studies have indicated that anticoagulation treat-
ments are the most commonly used and efficient therapeutic 
agents for the prevention and treatment in adults and children 
who have undergone catheter‑associated thrombosis in the 
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clinical setting (8). Edoxabana, an inhibitor of coagulation 
factor Xa, is a clinically prescribed pharmacological agent 
for the treatment of non‑atrial fibrillation that reduces stroke 
and systemic embolism by targeting coagulation factor Xa (9). 
A previous study indicated that systemic inflammation was 
observed and detected in patients with left atrial thrombus 
and non‑rheumatic atrial fibrillation (10). In addition, previous 
findings indicated that the pathogenesis of chronic inflam-
mation may be associated with the promotion of thrombus 
formation and dysfunction of platelet function, as determined 
by in vivo imaging (11). Furthermore, research has identi-
fied that apoptosis of vascular endothelial cells (VECs) is an 
important indicator for the severity of a venous thrombus (12).

Although the effects and safety profile of edoxaban have 
been investigated in patients with non‑atrial fibrillation in 
previous reports, the application of edoxaban for patients with 
atrial fibrillation has not been fully elucidated and the molecular 
mechanism involved remains unclear (13). Previous results have 
indicated that the activity of the protein C system is correlated 
with thrombus formation and is involved in the inhibition of 
thrombin generation in the platelet microenvironment (14,15). 
In addition, Hadas et al  (16) suggested that methylglyoxal 
induces platelet hyperaggregation and reduces thrombus 
stability through the upregulation of protein kinase  C 
activity and downregulation of the phosphoinositide 
3‑kinase (PI3K)/protein kinase B (AKT) signaling pathway. 
Furthermore, Yi et al (17) demonstrated that the PI3K inhibitor 
S14161 inhibits the modulation of platelet activation and 
thrombus formation, which suggests that PI3K may be a novel 
therapeutic target for the prevention of thrombotic disorders.

In the present study, PI3K and AKT expression levels in 
VECs from mice with atrial fibrillation and thromboembolism 
that received treatment with edoxaban were investigated. In 
addition, the efficacy of edoxaban on TSLP expression, Wnt‑β 
phosphorylation and integrin expression in platelets was 
explored. In the present study, the effects of edoxabana on 
inflammation and apoptosis in a mouse model of atrial fibrilla-
tion and thromboembolism were investigated. The molecular 
mechanism of the edoxabana‑mediated signaling pathway in 
VECs was explored and the association between edoxaban, the 
protein C system and atrial fibrillation and venous thrombosis 
was determined.

Materials and methods

Ethics statement. Animal experiments were implemented 
legitimately according to the Guide for the Care and Use 
of Laboratory Animals of Xinjiang Medical University 
(Urumchi, China) and approved by the Ethics Committee of 
The First Affiliated Hospital, Xinjiang Medical University.

Cells culture and regents. VECs and platelet cells were 
isolated from C57BL/6J mice (as described in the animal 
study section) with ferric chloride‑induced vein thrombus (18). 
VECs and platelet cells were cultured in minimum essential 
medium (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
supplemented with 12% fetal bovine serum (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA USA). All cells 
were cultured in a 37˚C humidified atmosphere containing 
5% CO2.

Small interfering (si)RNA transfection. VECs were cultured 
to 80% confluence and transfected with siRNA (0.12 µmol/l; 
cat. no. 6388; Cell Signaling Technology, Inc., Danvers, MA, 
USA) that targeted Wnt‑β (Si‑Wnt‑β) or scrambled siRNA 
(Si‑vector) using Lipofectamine RNAi MAX (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. siRNA‑targeting Wnt‑β and scrambled siRNA 
were obtained from Shanghai GenePharma Co., Ltd. 
(Shanghai, China). The time interval between transfection and 
subsequent experimentation was 24 h.

Western blot analysis. VECs and platelet cells were isolated 
from experimental mice, homogenized using a radioimmuno-
precipitation assay lysate buffer (Invitrogen; Thermo Fisher 
Scientific, Inc.) containing protease‑inhibitor and centrifuged 
at 1,000 x g at 4˚C for 10 min. The supernatant was used for 
protein analysis. Protein concentration was determined using 
a BCA protein assay kit (Thermo Fisher Scientific, Inc.). 
Western blotting was performed as described previously (19). 
Equal volumes of protein (50  µg) were loaded onto each 
well and separated with 10%  SDS‑PAGE. Polyvinylidene 
fluoride membranes were then used for immunoblotting. 
The membrane was blocked using 5% milk for 1 h at room 
temperature. Primary antibodies were then incubated at 
4˚C overnight. These were as follows: TSLP (1:1,000; 
cat. no. ab188166; Abcam, Cambridge, UK), Protein C (1:1,000; 
cat. no. GTX87071), Protein S (1:1,000; cat. no. GTX29027; 
both GeneTex, Inc., Irvine, CA, USA), APCI (1:2,000; 
cat. no. 250212; Abbiotec inc., San Diego, CA, USA), throm-
bomodulin (1:1,000; cat.  no.  ab230189; Abcam), αIlbβ3 
(1:1,000; cat. no. 10139‑R012; Sinopharm Chemical Reagent 
Co., Ltd., Shanghai, China), p‑Wnt β (1:2,000; cat. no. 8655S; 
Cell Signaling Technology, Inc.), Thrombin (1:1,000; 
cat. no. ab92621), PI3K (1:1,000; cat. no. ab151549), AKT 
(1:1,000; cat. no. ab18785), integrin (1:1,000; cat. no. ab52971), 
β‑actin (1:2,000; cat. no. ab8827; all Abcam). After washing 
using Tris buffered saline with Tween‑20 three times for 8 min, 
secondary antibodies were incubated at room temperature for 
1 h. GAPDH was used as an internal control. The secondary 
antibodies utilized were as follows: horseradish peroxidase 
conjugated Rabbit anti‑mouse immunoglobulin G; 1:1,000; 
cat. no. ab6728; Abcam). Immunoreactivity was determined 
by enhanced chemiluminescent autoradiography using an 
ImageQuant Las4000 (Thermo Fisher Scientific, Inc.) Protein 
expression was analyzed using BandScan 5.0 software (Glyko, 
Inc.; BioMarin Pharmaceutical Inc., San Rafael, CA, USA).

Animal study. A total of 40 C57BL/6J female mice (6‑8 weeks 
old, 20‑25 g in body weight) were purchased from Vital River 
Laboratory Animal Technology Co. Ltd. Mice were housed 
in a temperature‑controlled facility at 23±1˚C with a relative 
humidity of 50±5% and 12 h light/dark cycle with free access 
to food and water. To develop venous thrombosis, ferric chlo-
ride was used to induce C57BL/6J mice according previous 
study (18). Mice with venous thrombosis and atrial fibrillation 
(as confirmed via ECGs) were divided into two groups (n=20) 
and received treatment with edoxaban (10 mg/kg, Simeiquan 
Biological Technology Co., Ltd., Shenzhen, China) or the same 
dose of phosphate‑buffered saline (PBS) by gavage. The treat-
ments were continued for 42 days and were administered once 
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a day. On day 60, mice were sacrificed and the venous samples 
were obtained for further analysis.

Histological analysis. Cardiac veins were isolated from exper-
imental mice, fixed with 4% paraformaldehyde for 2 h at 37˚C 
and permeabilized by incubating with 80% absolute ethanol, 
then embedded in paraffin and cut into sections (5  µm). 
The sections then underwent microwave antigen retrieval. 
After cooling, they were washed with distilled water and 
blocked using normal goat serum (Invitrogen; Thermo Fisher 
Scientific, Inc.) at room temperature for 30 min. The cardiac 
vein sections were incubated with primary antibodies: anti 
Thrombin (1:1,000, cat. no. ab92621; Abcam) for 12 h at 4˚C. 
Fluorescent‑labeled AlexaFluor 488 horseradish peroxidase 
conjugated rabbit anti‑mouse immunoglobulin G (1:1,000; 
cat. no. ab6728; Abcam) for 2 h at 37˚C. The histologic sections 
were subsequently scanned using a confocal microscope (Carl 
Zeiss AG, Oberkochen, Germany; magnification, x200).

ELISA. Following treatment for 60  days, the plasma 
concentration of interleukin (IL)‑1 (cat. no. ab100704), IL‑4 
(cat. no. ab100710), IL‑8 (cat. no. ab46032), tumor necrosis 
factor (TNF)‑α (cat.  no.  ab208348), prostacyclin (PGI2; 
cat. no. ab120912), prostaglandin (PG)E2 (cat. no. ab133021; 
all Abcam), PGD2 (cat.  no.  RJ17502; Shanghai Renjie 
Biotechnology Co., Ltd., Shanghai, China), PGF2α 
(cat. no. YS3501B; Shanghai Yaji Biotechnology Co., Ltd., 
Shanghai, China) and Serotonin (cat. no. ab133053; Abcam) 
in mice with venous thrombosis and atrial fibrillation were 
analyzed using commercialized ELISA kits according to the 
manufacturer's protocol. The operational procedures were 
performed according to the manufacturer's instructions. The 
results were analyzed using an ELISA reader system (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

Terminal deoxynucleotidyl‑transferase‑mediated dUTP nick 
end labelling (TUNEL) assay. Treated VECs were fixed with 
4% neutral formaldehyde for 20 min at 4˚C. After washing 
with PBS, cells were permeabilized on ice with 0.1% Triton 
X‑100 in PBS for 2 min and mounted with neutral resins. The 
TUNEL assay kit (Biotool LLC, Houston, TX, USA) was used 
to determine the extent of apoptosis of VECs in experimental 
mice following treatment with 10 mg/kg edoxaban or the same 
dose of PBS. The procedures were performed as indicated in 
a previous study (20). Cellular nuclei were stained with DAPI 
(vector Laboratories, Inc., Burlingame, CA, USA). Images 
were captured with a ZEISS LSM 510 confocal microscope at 
488 nm. Apoptotic cells were examined under a laser confocal 
microscope (Fluoview 1000; Olympus, Tokyo, Japan; magni-
fication, x200). The cellular nuclei and apoptotic cells were 
counted in three fields of view from each sample.

Patelet aggregation test and platelet release assay. Blood was 
collected and mixed with sodium citrate to produce a final 
concentration of 0.38%. Citrated blood was then mixed with an 
equal volume (5 ml) of PBS (pH 7.4). Platelet‑rich plasma (PRP) 
was obtained via centrifugation at a speed of 50 x g for 10 min 
at 23˚C with a refrigerated centrifuge (cat. no. TGL‑16A; Hunan 
Xiangli Scientific Instrument Co., Ltd., Changsha, China). The 
PRP was then centrifuged a second time at 50 x g for 10 min 

at 23˚C. The resultant suspension was further centrifuged at 
750 x g for 10 min at 23˚C to obtain the platelet pellet. The 
platelet pellet was washed once in HEPES/Tyrode's buffer 
(10 mM HEPES/NaOH, 5.56 mM glucose, 137 mM NaCl, 
12 mM NaHCO3, 2.7 mM KCl, 0.36 mM NaH2PO4, 1 mM 
MgCl2, pH 7.4) in the presence of 1 mM EGTA 20. Following 
centrifugation at 750 x g for 10 min at room temperature the 
platelet pellet was gently suspended in HEPES/Tyrode's buffer 
and platelet concentrations were 2‑3x108/ml. Washed platelets 
were then pre‑incubated for 5 min at 37˚C.

In  vitro platelet aggregation was assessed in citrated 
platelet rich plasma using a previously described method (21). 
To minimize the loss of denser platelets, the platelet agonists 
were as follows: Collagen (4 µg/ml; Mascia Brunelli S.p.a., 
Milan, Italy), adenosine diphosphate (5 µM), and ristocetin 
(1.5 mg/ml; each from Sigma‑Aldrich; Merck KGaA).

Platelet release was then induced for 10 min. by adding 
collagen to a final concentration of 50 µg/ml. Prior to the addi-
tion of collagen, CPsA (Shanghai Yaji Biotechnology Co., Ltd.) 
was added to the washed platelets to obtain a final concentra-
tion of 500 µg/ml. When reaction was completed, samples 
were centrifuged at 10,000 x g for 2 min at room temperature. 
The supernatants were then recovered and aliquoted. The 
levels of Serotonin were determined using the aforementioned 
ELISA kits.

Statistical analysis. Data are presented as mean ± standard 
error of the mean. Statistical differences between experi-
mental groups were analyzed using a Student's t‑test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Edoxaban affects the protein expression levels of inflamma‑
tory factors and chemokines in the sera of mice with atrial 
fibrillation and venous thrombosis. Inflammatory factor 
expression levels in the sera. As indicated in Fig. 1A‑D, the 
expression levels of IL‑1, ‑4, ‑8 and TNF‑α were significantly 
decreased in the sera of mice with fibrillation and venous 
thrombosis that were treated with edoxaban when compared 
with mice that received PBS treatment (P<0.01). Furthermore, 
edoxaban therapy resulted in a significant increase in the 
expression levels of chemokines PGI2, PGE2, PGD2 and 
PGF2α compared with PBS treatment (P<0.01; Fig. 1E‑H). 
These results suggest that edoxaban may inhibit the expression 
of inflammatory factors and promote the expression of chemo-
kines in the sera of mice with atrial fibrillation and venous 
thrombosis.

Edoxaban promotes the protein expression levels of TSLP and 
activates the protein C system in mice with atrial fibrillation 
and venous thrombosis. TSLP and activated protein C protein 
expression levels were examined in mice with atrial fibrilla-
tion and venous thrombosis using western blot analysis. As 
indicated in Fig. 2A, edoxaban significantly promoted TSLP 
protein expression levels in platelets (P<0.01). In addition, the 
expression levels of protein C system and APC components 
were detected. Results indicated that protein C and protein S 
expression levels were significantly upregulated in experi-
mental mice treated with edoxaban compared with those 
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treated with PBS (P<0.01; Fig. 2B). Furthermore, the protein 
expression levels of thrombomodulin (TM) were significantly 
upregulated, whereas the protein expression levels of activated 
protein C inhibitor (APCI) were significantly downregulated 
in edoxaban‑treated mice with atrial fibrillation and venous 
thrombosis (P<0.01; Fig. 2C). Furthermore, it was demon-
strated that P‑selectin and integrin αIIbβ3 protein expression 
levels were significantly increased in mice that received 
edoxaban therapy (P<0.01; Fig. 2D). These results suggest that 
edoxaban may stimulate TSLP expression and activate the 
protein C system in mice with atrial fibrillation and venous 
thrombosis.

Edoxaban activates Wnt‑β phosphorylation and inhibits 
platelet aggregation and secretion in mice with atrial 
f ibrillation and venous thrombosis. To investigate the 
mechanism of edoxaban‑induced upregulation of TSLP 
expression levels, Wnt‑β phosphorylation and integrin 

expression was detected in platelets in mice with atrial 
fibrillation and venous thrombosis. The results in Fig. 3A 
indicated that edoxaban significantly promoted Wnt‑β 
phosphorylation in platelets (P<0.01). In addition, it was 
observed that edoxaban treatment significantly inhibited the 
aggregation of platelet cells and significantly downregulated 
the protein expression levels of thrombin compared with the 
control (P<0.01; Fig. 3B and C). Furthermore, results indicated 
that platelet serotonin release was significantly decreased in 
experimental mice treated with edoxaban compared with the 
control (P<0.01; Fig. 3D). Taken together, the results suggest 
that edoxaban may activate Wnt‑β phosphorylation and 
inhibit platelet aggregation and secretion in mice with atrial 
fibrillation and venous thrombosis.

Edoxaban regula tes  pro te in  C sys tem through 
Wnt‑β‑mediated PI3K/AKT signal pathway in VECs. The 
edoxaban‑mediated regulation of the protein C system in 

Figure 1. Effects of edoxaban on inflammatory factors and chemokines in the sera of mice with atrial fibrillation and vein thrombus. Plasma levels of (A) IL‑1, 
(B) IL‑4, (C) IL‑8 and (D) TNF‑α, (E) PGI2, (F) PGE2, (G) PGD2 and (H) PGF2α in mice with fibrillation and vein thrombus treated with edoxaban or 
phosphate‑buffered saline. Data are presented as the mean ± standard deviation of the mean. **P<0.01 as indicated. IL, interleukin; TNF, tumor necrosis factor; 
PG, prostaglandin.
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VECs from experimental mice with atrial fibrillation and 
venous thrombosis was further investigated. As indicated 
in Fig. 4A, the protein expression levels of PI3K and AKT 

were significantly upregulated following edoxaban treatment 
(P<0.01). In addition, edoxaban significantly upregulated 
Wnt‑β protein expression levels in VECs (P<0.01; Fig. 4B). 

Figure 2. Analysis of TSLP expression and protein C system activity in mice with atrial fibrillation and vein thrombus. (A‑D) Protein expression levels of 
TSLP, PC, PS, TM, APCI, P‑selectin and integrin αIIbβ3 in experimental mice treated with edoxaban or phosphate‑buffered saline. Data are presented as 
mean ± standard deviation of the mean. **P<0.01 as indicated. TSLP, thymic stromal lymphopoietin; PC, protein C; PS, protein S; TM, thrombomodulin; APCI, 
activated protein C inhibitor.

Figure 3. Effects of edoxaban on Wnt‑β phosphorylation, and platelet aggregation and secretion in mice with atrial fibrillation and vein thrombus. (A) Wnt‑β 
phosphorylation in platelets in edoxaban‑treated mice with atrial fibrillation and vein thrombus. (B) Aggregation of platelet cells in experimental mice. 
(C) Protein expression levels of thrombin and (D) platelet serotonin release in mice with atrial fibrillation and vein thrombus. All data are presented as the 
mean ± standard deviation of the mean. **P<0.01 as indicated.
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Furthermore, results indicated that inhibition of Wnt‑β by 
siRNA (Si‑Wnt‑β) inhibited the protein expression levels 
of PI3K and AKT in VECs (Fig. 4C). Additionally, it was 
observed that Si‑Wnt‑β treatment significantly decreased the 
protein expression levels of protein C and protein S (P<0.01; 
Fig.  4D). Expression levels of TM and APCI were also 
significantly downregulated by Si‑Wnt‑β (P<0.01; Fig. 4E). 
Furthermore, TSLP and integrin protein expression levels 
were significantly suppressed by Si‑Wnt‑β (P<0.01; Fig. 4F). 
Taken together, these results suggest that edoxaban may 
regulate the protein C system through the Wnt‑β‑mediated 
PI3K/AKT signaling pathway in VECs.

Edoxaban improves atrial fibrillation and venous thrombosis 
in a mouse model. In vivo therapeutic effects of edoxaban 
were investigated in mice with atrial fibrillation and venous 
thrombosis. As indicated in Fig.  5A, data indicated that 
edoxaban improved apoptosis (as determined by reduced 
staining) of VECs compared with control mice. Furthermore, 
defective thrombus formation was significantly improved 
by edoxaban compared with the control according to shear 
rates data (P<0.01; Fig. 5B). In addition, results indicated 
that stroke and blood velocity were significantly improved in 

experimental mice treated with edoxaban (P<0.01; Fig. 5C 
and D). Furthermore, data indicated that atrial fibrillation 
was improved as the area of venous thrombosis was markedly 
decreased in edoxaban‑treated mice with atrial fibrillation 
and vein thrombus (Fig. 5E and F). Taken together, the results 
suggest that edoxaban may improve apoptosis, stroke, atrial 
fibrillation and venous thrombosis in a mouse model.

Discussion

Venous thrombosis is a common disorder that is associated 
with var ious molecular mechanisms and diverse 
processes  (22). Multiple factors may induce the pathology 
of venous thromboembolism, including VEC injury, blood 
flow state changes and increased blood clotting (22). Notably, 
venous thromboembolism may induce a large number of other 
diseases, including pulmonary embolism, neurologic diseases 
and skin disease (23‑25). Recently, atrial fibrillation and venous 
thrombosis has been associated with significantly increased 
morbidity and mortality rates in patients with cardiovascular 
disease in the clinical setting (26). Anticoagulant therapy is 
prescribed for millions of patients worldwide for the prevention 
and treatment of venous thrombosis (27,28).

Figure 4. Edoxaban regulates the protein C system through the Wnt‑β‑mediated PI3K/AKT signal pathway in VECs. (A) Expression levels of PI3K and AKT 
in VEC in experimental mice. (B) Wnt‑β expression levels in VEC in Edoxaban‑treated mice with atrial fibrillation and vein thrombus. (C) Effects of Si‑Wnt‑β 
on Expression levels of PI3K and AKT in VEC in Edoxaban‑treated mice with atrial fibrillation and vein thrombus. (D) Effects of Si‑Wnt‑β on Expression 
levels of PC and PS in VEC in Edoxaban‑treated mice with atrial fibrillation and vein thrombus. (E) Expression levels of TM and APCI were downregulated 
by Si‑Wnt‑β. (F) Effects of Si‑Wnt‑β on Expression levels of TSLP and integrin in VEC in Edoxaban‑treated mice with atrial fibrillation and vein thrombus. 
All data are presented as the mean ± standard deviation of the mean. **P<0.01 as indicated. VEC, vascular endothelial cells; PI3K, phosphoinositide 3‑kinase; 
AKT, protein kinase B; TM, thrombomodulin; APCI, activated protein C inhibitor; TSLP, thymic stromal lymphopoietin; PS, protein S; PC, protein C.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  3509-3517,  2019 3515

In the present study, edoxaban was administered for the 
treatment of atrial fibrillation and venous thrombosis and 
the efficacy and molecular mechanism of edoxaban was 
investigated. Inflammatory factors and chemokine serum 
levels were studied in experimental mice treated with 
edoxaban. In addition, the association between edoxaban and 
the protein C system in VECs was assessed in experimental 
mice. Furthermore, the Wnt‑β‑mediated PI3K/AKT signaling 
pathway in VECs was also investigated. The present results 
suggested that edoxaban inhibited the serum levels of inflam-
matory factors, but also improved apoptosis, stroke, atrial 
fibrillation and venous thrombosis through regulation of the 
Wnt‑β‑mediated PI3K/AKT signaling pathway in a mouse 
model of atrial fibrillation and venous thrombosis.

Serum levels of inflammatory factors are an important 
measurement index in patients with cardiovascular disease 
in the clinical setting (29). Previous results identified that 
increased levels of inflammatory markers were associated 
with disease severity of patients with rheumatic mitral stenosis 
predisposed to left atrial thrombus formation (30). In addition, 
Empana et al  (31) revealed that inflammation contributed 
to thrombotic diseases based on microparticles and sudden 

cardiac death due to coronary occlusion. Furthermore, 
Sadowski et al (32) indicated that coronary thrombus compo-
sition was associated with inflammation, and platelet and 
endothelial markers. Notably, the expression levels of the 
chemokines have been demonstrated to serve an essential role 
in portal vein thrombosis (33). The present results suggested 
that edoxaban significantly inhibited the serum levels of 
inflammatory factors and upregulated the levels of chemokines 
in mice with atrial fibrillation and venous thrombosis. These 
regulations are beneficial for the treatment of atrial fibrillation 
and venous thrombosis.

Protein C is important regulatory protein in the 
progression of venous thrombosis (14,15). The present study 
investigated the role of edoxaban on the protein C system in 
a mouse model of atrial fibrillation and venous thrombosis. 
It is well acknowledged that TSLP expression is associated 
with the activity of the protein C system and may predict 
the severity of patients with atrial fibrillation and venous 
thrombosis  (34,35). In addition, a previous report has 
suggested that the levels of TM and APCI was also correlated 
with venous thrombosis (36). The present results indicated 
that edoxaban promoted TM expression and inhibited APCI 

Figure 5. Effects of edoxaban on stroke, atrial fibrillation and vein thrombus in mice with atrial fibrillation and vein thrombus. (A) Apoptosis of vascular 
endothelial cells in mice treated with edoxaban or phosphate‑buffered saline (magnification, x200). (B) Effects of edoxaban on thrombus formation in the 
mice model of atrial fibrillation and vein thrombus. Efficacy of edoxaban was analyzed on (C) stroke and (D) blood velocity in experimental mice treated with 
edoxaban or phosphate‑buffered saline. Effects of (E) atrial fibrillation and (F) area of vein thrombus in mice with atrial fibrillation and vein thrombus treated 
with edoxaban or phosphate‑buffered saline (magnification, x200). The black box indicates vein thrombus. All data are presented as the mean ± standard 
deviation of the mean. **P<0.01 as indicated.
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in the serum of mice with venous thrombosis. Furthermore, 
previous reports have indicated that P‑selectin and integrin 
may inhibit thrombus resolution and prevent vein wall 
fibrosis (37,38). In the present study, it was indicated that 
P‑selectin and integrin αIIbβ3 expression levels were 
increased in mice following edoxaban therapy. These results 
suggest that edoxaban may stimulate TSLP expression and 
activate the protein C system in mice with atrial fibrillation 
and venous thrombosis.

The PI3K/AKT signaling pathway is associated with the 
progression of vein thrombus (16). However, to the best of our 
knowledge, the effect of edoxaban on the PI3K/AKT signaling 
pathway has not been previously studied. Guidetti et al (39) 
suggested that the PI3K/AKT signaling pathway is stimu-
lated by integrin engagement and further inhibits activation 
of platelet in thrombus formation and stabilization. These 
findings highlighted the possibility of novel venous throm-
bosis and anti‑thrombotic therapeutic strategies. In addition, 
Su et al (40) also indicated that human cathelicidin LL‑37 
inhibits the aggregation of platelets and further lead to 
the inhibition of thrombosis via Src/PI3K/Akt signaling. 
Notably, blood activity of platelets serve a crucial role in 
hemostasis and formation of thrombosis (41). In the present 
analysis, it was revealed that PI3K and AKT expression levels 
were significantly upregulated by edoxaban through the 
Wnt‑β‑mediated PI3K/AKT signaling pathway in a mouse 
model of atrial fibrillation and venous thrombosis. However, 
inhibition of Wnt‑β by its inhibitor (Si‑wnt‑β) suppressed 
the protein expression levels of TM, TSLP and integrin, 
which were also downregulated by Si‑Wnt‑β in VECs. Taken 
together, these results suggest that edoxaban may regulate the 
protein C system through the Wnt‑β‑mediated PI3K/AKT 
signal pathway in VECs.

In conclusion, the present study identified that edoxaban 
may be a potential oral anticoagulant in the acute treatment 
of atrial fibrillation and venous thrombosis. The novel 
findings suggest a potential insight to explore more 
efficient preclinical mechanisms and therapeutic strategies 
of edoxaban for treating atrial fibrillation and venous 
thrombosis. Notably, the present findings demonstrated 
preclinical and experimental evidence to support the efficacy 
of edoxaban, but also suggested the molecular mechanism of 
edoxaban‑mediated changes of Wnt‑β, P‑selectin and integrin 
αIIbβ3 expression through the PI3K/AT signaling pathway in 
VECs obtained from mice with atrial fibrillation and venous 
thrombosis. Results identified that edoxaban activated the 
protein C system by stimulation of the PI3K/AT signaling 
pathway in VECs obtained from mice with atrial fibrillation 
and venous thrombosis. Taken together, the present outcomes 
suggest that edoxaban may improve the venous lesions by 
regulation of apoptosis, stroke, atrial fibrillation and venous 
thrombosis through the Wnt‑β‑mediated protein C system 
via the PI3K/AKT signaling pathway, suggesting eoxaban 
may be an efficient anti‑thrombotic therapeutic agent for the 
treatment of atrial fibrillation and venous thrombosis in the 
clinical setting.
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