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Abstract 

Arterial thrombosis and its related diseases are major healthcare problems worldwide. 
Blebbistatin is an inhibitor of myosin II, which plays an important role in thrombosis. The aim of our 
study is to explore the effect and potential mechanism of blebbistatin on arterial thrombosis. A 
ferric chloride (FeCl3) solution at a concentration of 5% was used to induce carotid artery 
thrombosis in mice. Immunohistochemistry and immunofluorescence staining were used to detect 
the expression or activation of non-muscle myosin heavy chain IIA (NMMHC IIA), tissue factor 
(TF), GSK3β and NF-κB. Blebbistatin (1 mg/kg, i.p.) significantly reduced carotid artery thrombosis 
induced by FeCl3 solution in mice, inhibited NMMHC IIA expression and impeded TF expression 
via the GSK3β-NF-κB signalling pathway in mouse arterial vascular tissues. The present study 
demonstrates that blebbistatin may impede TF expression partly via the Akt/GSK3β-NF-κB 
signalling pathways in the endothelium in a FeCl3 model, shedding new insights into the 
pathogenesis of arterial thrombosis and providing new clues for the development of 
antithrombotic drugs. 
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Introduction 
Arterial thrombosis (AT) is one of the major 

healthcare problems worldwide. It is a proximate 
cause of death with a high incidence rate, high 
morbidity and high mortality [1, 2]. AT is generally 
caused by the rupture of an atherosclerotic plaque, 
trauma or other incidents that lead to blood clotting at 
the damaged part of the artery surface in the 
cardiocerebral vascular system. This insoluble blood 
clot becomes a thrombus [3]. AT generally leads to 
myocardial infarction, ischaemic stroke, acute 
superior mesenteric artery embolism and 
cerebrovascular diseases, which are difficult issues in 
clinical diagnosis and treatment [4]. These conditions 
occur at a high incidence rate and exhibit a high 
mortality rate [5-7]. There are still no safe and reliable 
drug therapies for the treatment of arterial thrombosis 

at present. 
Atherosclerosis is the primary cause of arterial 

thrombosis, and endothelial dysfunction plays an 
important role in the formation of atherosclerosis and 
thrombosis [8, 9]. TF is a 47-kD membrane-bound 
glycoprotein that functions as the primary initiator of 
the coagulation cascade in haemostasis and 
pathological thrombosis. TF is also an essential 
cofactor of activated coagulation factor Ⅶa, which 
forms a complex that activates the entire blood 
coagulation cascade [10]. Various endogenous and 
exogenous agonists (e.g., tumour necrosis factor-α, 
TNF-α and lipopolysaccharides, LPS) induce TF 
expression in monocytes, neutrophils and endothelial 
cells, which initiates life-threatening thrombosis in 
numerous diseases, such as dispersion of 
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intravascular coagulation (DIC), sepsis, 
atherosclerosis and tumours[11, 12]. Regulation of the 
TF pathway is an effective strategy for the prevention 
of arterial thrombosis [13].  

On the other hand, non-muscle myosin heavy 
chain IIA (NMMHC IIA) is a member of the 
non-muscle myosin II (NM II) super family [14]. 
Recent studies have demonstrated that NMMHC IIA 
plays an important role in the regulation of 
thrombosis [15]. NMMHC IIA deficiency reduces 
platelet aggregation and arterial thrombosis 
formation [16, 17]. Our previous study suggested that 
the NMMHCIIA non-specific inhibitor blebbistatin 
inhibited NMMHC IIA, which reduced TF expression 
via the Akt/GSK3β-NF-κB signalling pathways in the 
endothelium in vitro and inhibited deep vein 
thrombosis formation in vivo [18]. However, whether 
blebbistatin inhibits arterial thrombosis and 
modulates TF-related signalling pathways in arterial 
vascular tissues is still unknown. Therefore, in the 
present study, we observed the effect of blebbistatin 
on carotid artery thrombosis and expression of 
NMMHC IIA and TF in mice treated with a 5% FeCl3 
solution and explored the role of GSK3β-NF-κB 
signalling pathway to further elucidate the function of 
NMMHC IIA in thrombosis. 

Methods and Materials 
Animals 

Male C57BL/6J mice (22-25 g) were purchased 
from the Model Animal Research Centre of Yangzhou 
University (Yangzhou, Jiangsu, China). The animals 
were housed in a standard vivarium with free access 
to food and water that was temperature (23 ± 1 °C), 
humidity (30%−40%) and light controlled (in 12 h 
light/dark cycle). All animal welfare and 
experimental procedures were in accordance with 
National Institutes of Health Guide for the Care and 
Use of Laboratory Animals, and the protocols used 
were approved by the Animal Ethics Committee of 
China Pharmaceutical University, China 
Pharmaceutical University, Nanjing, China.  

Reagents 
Blebbistatin was purchased from Sigma Aldrich 

(St. Louis, MO, USA). FeCl3 was obtained from 
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, 
China). An antibody against mouse TF was purchased 
from R&D Systems (Minneapolis, MN, USA). 
Antibodies against myosin IIA, p65, phospho-p65, 
GSK3β, and phospho-GSK3β were obtained from Cell 
Signalling Technology (Boston, MA, USA). 
Pimonidazole and 4’,6–diamidino-2-phenylindole 
(DAPI) were purchased from Beyotime Biotechnology 

(Shanghai, China). Alexa Fluor® 488 Donkey 
Anti-Goat IgG (H+L) and Alexa Fluor® 594 Donkey 
Anti-Goat IgG (H+L) antibodies were purchased from 
Invitrogen (Carlsbad, CA, USA). All other regents 
used in this study were of the highest purity 
commercially available. 

Carotid artery thrombosis (CAT) 
The mouse FeCl3 thrombosis model was 

modified based on previous reports [19, 20]. Briefly, 
mice were anaesthetized by intraperitoneal 
administration of urethane (final concentration: 5%, 
0.1 ml/10 g), and a lateral tail vein was cannulated for 
test compound or saline (SAL) vehicle infusion. Body 
temperature was monitored and maintained at 37 °C 
using a rectal thermometer, heat lamp and 
temperature control unit. A tracheostomy was 
performed, the right carotid artery was isolated, and a 
1.3-mm Doppler flow probe was placed on the artery 
to measure blood flow VEL. Mean arterial blood 
pressure, HR and VEL data were collected using the 
Dataquest A.R.T.k 2.1 data acquisition program 
(Moor, UK). A 3-mm square patch of Whatman #1 
filter paper pre-soaked in 5% FeCl3 in 0.9% saline 
solution (J.T. Baker, Phillipsburg, NJ) was placed on 
the right carotid artery anterior to the Doppler flow 
probe. Mean arterial pressure, HR and VEL were 
continuously monitored for 60 min following FeCl3. A 
terminal blood sample was drawn from the 
abdominal aorta 60 min after FeCl3 application into a 
syringe pre-filled with sodium citrate. Blebbistatin (1 
mg/kg body weight) or 5% ethanol in normal saline 
were administered i.p. 30 min before CAT.  

Haematoxylin and eosin (HE) staining  
HE staining was performed following a standard 

procedure. Excised vessels were dehydrated with 40% 
sucrose, embedded in OTC, and frozen at –70 °C. 
Vessels were sectioned into 10-μm thick slices using a 
cryotome (Leica, Mannheim, Germany). Specimens 
were washed in PBS and stained with H&E staining. 
A minimum of 10 microscopic fields from each slide 
was randomly selected for observation under a 
microscope (Carl Zeiss, Germany). 

Immunohistochemistry (IHC) 
IHC was performed following a standard 

procedure. Briefly, sections were rinsed with PBS for 5 
min and incubated with a primary antibody for 60 
min at RT. Sections were rinsed twice in PBS for 5 min 
each and incubated with a biotin-conjugated 
secondary antibody at 20~37 °C for 20 min. The 
sections were rinsed twice in PBS for 5 min each and 
incubated with SABC reagent at 37 °C for 20 min. 
Sections were rinsed 4 times in PBS for 5 min each and 
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processed using a DAB kit(Beyotime, Jiangsu, China). 
The degree of staining was controlled using regular 
microscopy. Sections were washed in distilled water 
and stained in haematoxylin. The sections were 
dehydrated and mounted on slides. The slides were 
observed under a fluorescence microscope (Zeiss, 
Germany). 

Immunofluorescence assay 
Sections for immunofluorescence staining were 

incubated with primary antibodies against CD31, TF, 
myosin IIA, p65, phospho-p65, GSK3β, and 
phospho-GSK3β at 4 °C overnight. Alexa Fluor® 
488-conjugated Donkey Anti-Goat IgG (H+L) (1:600) 
and Alexa Fluor® 594-conjugated Donkey Anti-Goat 
IgG (H+L) antibodies (1:800) were used as secondary 
antibodies (Invitrogen, Carlsbad, CA, USA). Nuclei 
were stained using DAPI. The slides were observed 
under a confocal microscope (Zeiss, Germany). 

Measurement of TF procoagulant activity 
The procoagulant activities of TF in mouse 

plasma were measured using a chromogenic assay as 
previously reported [21]. Mouse plasma was prepared 
via centrifugation at 3,000×g for 15 min and stored at 
–70 °C prior to use. Briefly, samples (45 μl) were 
incubated with a reagent mixture (5 μl, pH 7.3) 
containing a 10 g/l prothrombin complex and 100 
mM CaCl2 in a 96-well plate. A factor Xa chromogenic 
substrate (0.5 mM, 50 μl) containing 100 mM EDTA 
(pH 8.4) was added after incubation at 37 °C for 15 
min. The reaction was incubated at 37 °C for 5 min, 
and the absorbance was measured at 405 nm. TF 
activity of the model group was set as 100%. 

Statistical analysis 
Statistical analysis was performed using SPSS 

11.0 software. All data were expressed as the means ± 
SEM from at least three independent experiments. 
ANOVA test was used for comparison between 
groups. P<0.05 was considered statistically 
significant.  

 
 

 
Figure 1. Blebbistatin suppresses FeCl3-induced arterial thrombosis formation. C57BL/6J mice (male, 22–25 g) were injected with vehicle (5% ethanol in saline) or blebbistatin (1 
mg/kg) intraperitoneally 30 min after surgery. Mice were anaesthetizedwith a 4% chloral hydrate solution, the right carotid artery was exposed, and filter paper soaked in a 5% ferric chloride 
solution was placed on the surface of the carotid artery. (A). Blood flow was recorded using a colour Laser Doppler Image scanner (Moor LDI, Moor Instruments). Blood flow was monitored 
continuously from the onset of injury until stable occlusion occurred (defined as flow≤200PU for≥10min) or for 30min if occlusion did not occur. (B)&(C).The thrombosed carotid artery was 
photographed and weighed, and the length of the thrombus was measured. The size of the thrombus was quantified as mg/cm. (D). Sample H-E staining micrographs from mouse carotid 
arteries. Data represent means±SEM (n=6). ###P<0.001 vs. Sham group; *P<0.05 vs. Model group. (n=6) Ble is the shorthand versions of Blebbistatin. 
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Results 
Blebbistatin suppressed FeCl3-induced arterial 
thrombosis in mice 

As shown in Fig. 1A, an obvious change of blood 
flow was observed in the model group compared to 
the sham group. Carotid artery blood flow in 2 min 
was less than 200 PU and stable in the model group. 
Blebbistatin (1 mg/kg) improved the blood flow value 
of the carotid artery compared to the model group. 
The results indicated that thrombosis, arterial wall 
thickening and agate red thrombus formation were 
visible in the model group induced by 5% FeCl3 
solution, while the blebbistatin-treated group 
exhibited alleviated thrombosis and internal carotid 
lumen-filling material. Moreover, the length of 
thrombosis in the ferric chloride group was 2.69 times 
longer than that in the sham group (P<0.05). 
Blebbistatin (1 mg/kg) significantly inhibited the 
formation of carotid artery thrombosis with an 
inhibition rate of approximately 34% with significant 
difference. Intravascular thrombosis was not obvious 
in this group. The average size of the thrombus 
covered 89.63% of the lumen in the model group, and 
22.49% in the blebbistatin group with significant 
difference (Fig. 1B & C).  

HE staining results showed that carotid artery 
endothelial surface integrity in the sham group was 
arranged in an orderly manner without thrombus 
formation in the lumen of the carotid artery or 
inflammatory cell infiltration (Fig. 1D). Carotid artery 
thrombosis was observed as compact red and white 
thrombus formation with thrombosis and the vascular 
wall connected to form a visible platelet trabecular. 
Most vascular endothelial cells exhibited shedding 
necrosis thrombosis with a vascular wall surrounded 
by inflammatory cell infiltration. Blebbistatin 
(1mg/kg) treatment reduced the number of vascular 
endothelial cells at the surface and white blood cell 
adhesion and infiltration. Blebbistatin had no effect on 
the formation of carotid artery thrombosis in the sham 
group. 

Blebbistatin inhibited NMMHC IIA expression 
in the CAT model  

IH results showed that the carotid artery 
endothelium was intact with no NMMHC IIA 
expression in the sham-operated group (Fig. 2A & B). 
NMMHC IIA expression in carotid artery vascular 
tissue increased significantly in the model group in 
the region relative to the average optical density value 
in the sham group. Blebbistatin reduced the damage 
in carotid artery vascular tissue, the NMMHC IIA 

expression level and the regional relative average 
optical density value. Furthermore, IF results 
indicated that no obvious NMMHC IIA expression 
(green) was observed in the sham group, and the 
carotid artery endothelium was intact (red) (Fig. 2C & 
D). NMMHC IIA expression level in the carotid artery 
vascular tissue and endothelium was significantly 
higher, as verified by significantly enhanced 
fluorescence intensity (green and red and green 
overlap) in the model group compared to the sham 
operation group. Blebbistatin significantly reduced 
NMMHC IIA expression both in the carotid artery 
vascular tissue and endothelium. Blebbistatin had no 
obvious effect on the expression of NMMHC IIA in 
the sham group. 

Blebbistatin suppressed TF expression and 
activity in the CAT model 

IH results showed that the carotid artery 
endothelium was intact with no TF expression in the 
sham group (Fig. 3A & B). TF expression levels were 
significantly elevated in the model group, which 
exhibited significantly increased average optical 
densities in relative regions. Blebbistatin decreased TF 
expression in the carotid artery vascular tissue and 
the value of the average optical density. 
Immunofluorescence revealed no TF expression 
(green) in carotid artery endothelium (red) in the 
sham group (Fig. 3C & D), while TF signal was 
significantly increased (green) in the endothelium 
(red and green overlap) in the model group. 
Blebbistatin significantly decreased the fluorescence 
intensity of the TF signal in the carotid artery vascular 
tissue and the endothelium (red and green overlap). 
Meanwhile, ferric chloride markedly induced TF 
plasma procoagulant activity compared to the sham 
group with significant difference, while blebbistatin 
remarkably inhibited the elevation of plasma TF 
activity (Fig. 3E). Blebbistatin had no obvious effect on 
the expression and activation of TF in the sham group. 

Blebbistatin inhibited GSK3β expression and 
activation in the CAT model 

IH results showed that no obvious expression of 
GSK3β or p-GSK3β was observed in the sham group. 
The expression level of carotid artery vascular tissue 
GSK3β or p-GSK3β and the relative value of the 
average optical density increased significantly in the 
model group. Blebbistatin reduced expression of 
GSK3β but increased the expression of p-GSK3β in the 
carotid artery vascular tissue (Fig. 4A & B and Fig. 5A 
& B). 
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Figure 2. Blebbistatin inhibits NMMHC IIA expression in the CAT model. CAs were harvested for immunohistochemistry and immunofluorescence analyses0.5 h after a 3-minute 
application of 5% ferric chloride to the surface of the vessel. (A) &(B). Representative photomicrographs demonstrating immunohistochemistry for NMMHC IIA in mouse carotid artery 
vascular tissues treated with: sham, sham+Blebbistatin, 5% ferric chloride, 5% ferric chloride+Blebbistatin. (C)& (D). Sections were immunostained with a combination of anti-NMMHC IIA 
pAbs (green) and anti-CD31 pAbs (red). Images were digitally merged and fluorescence intensities were quantified using Image J software. Co-localization of NMMHC IIA and CD31 was 
quantified using Image Pro Plus software and calculated as a Pearson’s correlation coefficient. Data represent means±SEM (n=6). ###P<0.001 vs. sham group; **P<0.01 vs. model group. 

 
Figure 3. Blebbistatin inhibits TF expression and procoagulant activity in endothelium in the CAT model. Plasma was collected and used to determine TF procoagulant activity 
0.5 h after a 3-minute application of 5% ferric chloride to the surface of the vessel. CAs were harvested for immunohistochemistry and immunofluorescence analysis. (A)&(B). Representative 
photomicrographs demonstrating immunohistochemistry for TF in mouse carotid artery vascular tissues. (C)&(D). CA sections were immunostained with a combination of anti-TF pAbs 
(green) and anti-CD31 pAbs (red). Images were digitally merged, and fluorescence intensity was quantified using Image J software. Co-localization of TF and CD31 was quantified using Image 
Pro Plus software and calculated as Pearson’s correlation coefficients (r). (E). TF procoagulant activity was measured in mouse plasma. Data represent means±SEM (n=6). ###P<0.001 vs. sham 
group; ***P<0.001 vs. model group **P<0.01 vs. model group; *P<0.05 vs. model group. 
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Figure 4. Blebbistatin inhibits GSK3β expression in the CAT model. CAs were harvested for immunohistochemistry and immunofluorescence analysis 0.5h after a 3-minute 
application of 5% ferric chloride to the surface of the vessel. (A)&(B). Representative photomicrographs demonstrating immunohistochemistry for GSK3β in mouse carotid artery vascular 
tissues. (C)&(D). CA sections were immunostained with a combination of anti-GSK3β pAbs (green) and anti-CD31 pAbs (red). Images were digitally merged, and fluorescence intensity was 
quantified using Image J software. Co-localization of GSK3β and CD31 was quantified using Image Pro Plus software and calculated as a Pearson’s correlation coefficient (r). Data represent 
means±SEM (n=6). ###P<0.001 vs. sham group; **P<0.01 vs. model group. 

 
Figure 5. Blebbistatin inhibits p-GSK3β expression in the CAT model. CAs were harvested for immunohistochemistry and immunofluorescence analysis0.5 h after a 3-minute 
application of 5% ferric chloride to the surface of the vessel. (A)&(B). Representative photomicrographs demonstrating immunohistochemistry for p-GSK3β in mouse carotid artery vascular 
tissues. (C)&(D). CA sections were immunostained with a combination of anti-p-GSK3β pAbs (green) and anti-CD31 pAbs (red). Images were digitally merged, and fluorescence intensity was 
quantified using Image J software. Co-localization of p-GSK3β and CD31 was quantified using Image Pro Plus software and calculated as a Pearson’s correlation coefficient (r). Data represent 
means±SEM (n=6). ###P<0.001 vs. sham group; **P<0.01 vs. model group. 
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As shown in Fig. 4C & D and Fig. 5C & D, no 
obvious GSK3β or p-GSK3β (green) was observed in 
the sham group. The intensity of GSK3β or p-GSK3β 
in the carotid artery thrombosis group increased 
significantly. Blebbistatin significantly reduced the 
fluorescence intensity of GSK3β but increased the 
intensity of p-GSK3β in both the carotid artery 
vascular tissue (green) and endothelium (red and 
green overlap). Blebbistatin had no obvious effect on 
the expression of GSK3β and p-GSK3β in the sham 
group. 

Blebbistatin inhibited p65 expression and 
activation in the CAT model 

No obvious p65 or p-p65 signal was observed in 
the sham group. The expression of p65 or p-p65 and 
their relative average optical density values in carotid 
artery vascular tissue increased significantly in the 
model group. Blebbistatin significantly reduced the 
expression of p65 and p-p65 in the damaged carotid 
artery vascular tissue regions (Fig. 6A & B and Fig. 7A 
& B).  

The carotid artery endothelium was intact, and 
no obvious p65 or p-p65 (green) expression was 
observed in the sham group. The expression of p65 
and regional relative average optical density value 
increased significantly in the model group. 
Blebbistatin significantly reduced the expression of 
p65 or p-p65 in the carotid artery vascular tissue and 
endothelium (Fig. 6C & D and Fig. 7C & D). 
Blebbistatin had no obvious effect on the expression of 
p65 and p-p65 in the sham group. 

Discussion 
Based on previous studies, we further explored 

the function of NMMHC IIA in artery thrombosis. 
This study confirmed that NMMHC IIA expression 
was increased in FeCl3-induced carotid artery 
thrombosis, and blebbistatin inhibited NMMHC IIA 
expression and plasma TF, promoted coagulation 
activity and suppressed thrombosis. These results 
corroborated the role of NMMHC IIA-mediated TF. 

  

 
 

 
Figure 6. Blebbistatin inhibits p65 expression in the CAT model. CAs were harvested for immunohistochemistry and immunofluorescence analysis0.5 h after a 3-minute application 
of 5% ferric chloride to the surface of the vessel. (A)&(B). Representative photomicrographs demonstrating immunohistochemistry for p65 in mouse carotid artery vascular tissues. (C)&(D). 
CA sections were immunostained with a combination of anti-p65 pAbs (green) and anti-CD31 pAbs (red). Images were digitally merged, and fluorescence intensity was quantified using Image 
J software. Co-localization of p65 and CD31 was quantified using Image Pro Plus software and calculated as a Pearson’s correlation coefficient (r). Data represent means±SEM (n=6). 
###P<0.001 vs. sham group; **P<0.01 vs. model group. 
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Figure 7. Blebbistatin inhibits p-p65 expression in the CAT model.CAs were harvested for immunohistochemistry and immunofluorescence analysis0.5 h after a 3-minute application 
of 5% ferric chloride to the surface of the vessel. (A)&(B). Representative photomicrographs demonstrating immunohistochemistry for p-p65 in mouse carotid artery vascular tissues. (C)&(D). 
CA sections were immunostained with a combination of anti-p-p65 pAbs (green) and anti-CD31 pAbs (red). Images were digitally merged, and fluorescence intensity was quantified using Image 
J software. Co-localization of p-p65 and CD31 was quantified using Image Pro Plus software and calculated as a Pearson’s correlation coefficient (r). Data represent means±SEM (n=6). 
###P<0.001 vs. sham group; **P<0.01 vs. model group.  

 
Despite much research, the pathological 

mechanisms of AT are not completely clear, and there 
is a lack of clinically safe and effective drug 
treatments. Numerous studies have demonstrated a 
relationship between atherosclerosis and arterial 
thrombosis, and vascular endothelial injury caused by 
inflammation is the primary factor that initiates 
atherosclerosis and thrombosis [22-24]. Vascular 
endothelial cells inhibit platelet aggregation, 
stimulate fibrinolysis and inhibit the physiological 
function of abnormal coagulation under normal 
physiological conditions. Activation of vascular 
endothelial cells stimulates platelet aggregation and 
the inhibition of fibrin dissolution, which contributes 
to abnormal luminal coagulation and leads to 
thrombus formation [24]. Therefore, it is beneficial to 
prevent and cure AT by effectively regulating 
endothelial function, reducing the inflammatory 
reaction and improving the coagulation balance. 

The pathophysiological changes and the 
evaluation of various types of anti-thrombotic drugs 
and treatment methods have become one of the 
important methods in the basic medical research to 
study the mechanism of thrombosis in vivo. FeCl3 was 

used in this study to induced carotid artery 
thrombosis. This model leads to severe endothelial 
cell injury induced by oxidative stress and enhances 
the expression of TF in endothelial cells and 
leukocytes [25]. Thrombus formation was close to the 
clinical spontaneous thrombosis and tissue 
morphology and rich in thrombi, fibrin and red blood 
cells. Therefore, this model has been widely used in 
preclinical evaluation of thrombolytic drugs and 
research [26]. Recent studies have demonstrated that 
conditional deficiency of NMMHC IIA in platelets 
reduces platelet aggregation and arterial thrombosis 
induced by FeCl3 [16, 17], and the NMMHC IIA 
inhibitor blebbistatin inhibited expression of 
NMMHC IIA and TF to reduce deep vein thrombosis 
[18]. Furthermore, blebbistatin has a direct 
anti-inflammatory effect [27]. However, there are no 
reports of whether blebbistatin could inhibit arterial 
thrombosis and modulate TF-related signalling 
pathways in arterial vascular tissues or endothelium. 
In the present study, we have demonstrated that 
blebbistatin improved the blood flow value of the 
carotid artery and alleviated thrombosis and internal 
carotid lumen-filling material, which gave the first 
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evidence that blebbistatin could inhibit artery 
thrombosis (Shown in Fig. 1A-D). With the help of a 
Doppler flow probe, it was indicated that blebbistatin 
(1 mg/kg) improved the blood flow value of the 
carotid artery compared to the model group. As 
shown with HE staining and the thrombosis weight 
statistics, blebbistatin could alleviate thrombosis and 
internal carotid lumen-filling material.  

As reported, the expression of NMMHC IIA 
increased in the endothelium in the venous 
thrombosis model [18]. However, there was no report 
on the function of NMMHC IIA in the AT model. In 
this study, we have demonstrated that the vascular 
and endothelial expression of NMMHC IIA increased 
in FeCl3-induced carotid artery thrombosis, and 
blebbistatin inhibited NMMHC IIA expression in the 
carotid artery vascular tissue injury group (Fig. 2). 
This result indicated that NMMHC IIA played an 
important role in the AT model.  

As the first promoter of the coagulation cascade 
under physiological conditions and the extrinsic 
coagulation pathway under pathological conditions, 
TF expression and activity is up-regulated in 
atherosclerosis, deep vein thrombosis, pulmonary 
embolism, and angina; it is disseminated in blood 
coagulation, hypertension, cancer and many other 
diseases [28-31]. Therefore, intervention with the TF 
pathway is an important strategy for the prevention 
and treatment of thrombotic diseases [32, 33]. As 
reported, the deficiency of TLR-4 could reduce TF 
expression and activity and extend the thrombosis 
formation time in FeCl3-induced carotid artery injury 
[25]. It was found that the NMMHCIIA non-specific 
inhibitor blebbistatin reduced TF expression in the 
endothelium in vitro and inhibited deep vein 
thrombosis formation in vivo [18]. However, the 
regulation of TF expression in endothelial cells is not 
completely clear, and there are no drugs for the 
prevention and treatment of thrombosis related to the 
modulation of these important functional proteins. 
This paper confirmed that TF expression and activity 
increased in the FeCl3-treated group, and the 
NMMHC IIA inhibitor blebbistatin reduced TF 
expression and activity (Shown in Fig. 3). This result 
was consistent with existing reports.  

Nuclear factor (NF)-κB and phosphoinositide 
3-kinase (PI3K) primarily regulate TF expression in 
response to inflammatory stimuli [12, 34]. The 
modulation of these inter-related signalling pathways 
and inhibition of TF expression or activity may exert 
therapeutic effects against venous thrombosis. The 
NF-κB signalling pathway regulates TF expression, 
and the PI3K/Akt signalling pathway negatively 
regulates TF expression primarily by promoting 
GSK3β (activated form) phosphorylation [35-37]. As 

reported, GSK3β, which is a ser-thr kinase that is 
phosphorylated by the kinase Akt, acted as a negative 
regulator of platelet function in vitro and in vivo [38]. 
AZD484, a selective PI3Kβ inhibitor, can make a 
p110beta deletion in mouse platelets. Within the 
growing platelet thrombus, p110beta inactivation 
impairs the activating phosphorylation of Akt and the 
inhibitory phosphorylation of GSK3. GSK3β was 
activated in the endothelium in the venous 
thrombosis model [18]. In accordance with these data, 
pharmacologic inhibition of GSK3 restores thrombus 
stability [39]. This study examined blebbistatin 
treatment in a FeCl3-induced mouse model of carotid 
artery thrombosis and GSK3β and NF-κB signalling 
pathway activity. This paper confirmed for the first 
time that GSK3β was activated in the FeCl3-induced 
AT model. The results demonstrated for the first time 
that blebbistatin activated the phosphorylation of 
GSK3β via the PI3K/Akt pathway through inhibition 
of GSK3β expression in vascular tissue (Fig. 4 & 5). 
These results first demonstrated that blebbistatin 
significantly activates the GSK3β-related signalling 
pathway to inhibit TF expression, and its mechanism 
may be a negative regulatory mechanism. The 
activation of GSK3β is an inactive form, which 
negatively regulates the inhibition of NF-κB activity. 
Blebbistatin inhibited the activity and expression of 
key proteins in the NF-κB pathway, phospho-p65 and 
p65, in carotid artery vascular endothelial tissue (Fig. 
6 & 7).  

Our results support the development of drugs 
targeting NMMHC IIA for the prevention and 
treatment of thrombotic diseases. However, the 
NMMHC IIA inhibitor blebbistatin exhibits severe 
phototoxicity, and it is not suitable for drug 
development [40, 41]. The development of a highly 
efficient, safe, non-toxic NMMHC IIA inhibitor for the 
treatment of thrombotic disease is urgently needed. In 
addition, blebbistatin suppresses both NMMHC IIA 
function and the NMMHC IIA expression in vivo, 
suggesting that conditional NMMHC IIA-KO in 
endothelial cells may contribute to prevent AT in 
mice, which requires further study. Moreover, 
endothelial cells played an important role in the 
process of AT. The expression of NMMHC IIA, TF, 
GSK3β and p65 changed in the endothelium. 
However, the expression of these proteins also 
changed in the vascular cells. Meanwhile, there are 
many other cells involved in AT, such as smooth 
muscle cells and macrophages. Whether other cells 
participate in the blebbistatin inhibition of AT needs 
further research. There was only an in vivo study in 
this research; more study is needed to understand the 
mechanism of blebbistatin on the inhibition of AT. 

These results confirmed that blebbistatin 
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inhibited NMMHC IIA function and expression via 
the GSK3β-NF-κB signalling pathway and the 
down-regulation of TF expression and activity in 
endothelium. Blebbistatin had no obvious effect on 
the formation of AT and the expression of related 
signalling pathway components. These results 
provide compelling evidence of the role of NMMHC 
IIA in AT and may lead to new strategies for the 
treatment of AT and many other inflammation-related 
thrombotic diseases. 
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