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Abstract. P-selectin, an integral membrane glycoprotein 
of platelets and endothelial cells, and the soluble form of 
P-selectin are hypothesized to play a role in the initiation 
of atherosclerosis and acute myocardial infarction (AMI). 
However, limited data are available with which to evaluate 
the main role of soluble P-selectin (sP-selectin) in the onset 
or the severity of AMI. In the present study, we investigated 
15 patients who suffered from angina, 10 patients who under-
went percutaneous coronary intervention (PCI) therapy and 
10 patients who underwent thrombolysis therapy, compared 
with 15 volunteers with no cardiovascular disease. We 
confirmed that the plasma sP‑selectin levels were increased 
in patients with obesity (particularly pericardial obesity) 
and hyperlipidemia, positively correlated with plasma tumor 
necrosis factor (TNF)-α and strongly negatively correlated 
with adiponectin in all patients regardless of AMI status. 
Furthermore, sP‑selectin levels were significantly higher in 
PCI and thrombolysis patients compared with angina patients 
and the control cohort. However, we observed that sP-selectin 
levels did not change following PCI and thrombolysis therapy. 
In addition, there was no correlation between sP-selectin levels 
and the severity of AMI in the cohort which received PCI or 
thrombolysis therapy. Therefore, we deduced that sP-selectin 
only induced the onset of AMI but did not promote its severity. 
To confirm this hypothesis, a P‑selectin inhibitor was admin-
istered to an atherosclerosis formation model, plaque rapture 
model and neointimal hyperplasia model. We revealed that 
atherosclerotic plaque formation and rupture, neointimal 
formation and neointimal bleeding were suppressed by the 
sP-selectin inhibitor. We concluded that sP-selectin, induced 
by systemic inflammation in conditions including obesity 

and hyperlipidemia, promoted atherosclerotic plaque and 
neointimal formation, plaque rapture and neointimal bleeding, 
further leading to AMI. We also demonstrated that sP-selectin 
had no effect on the severity of AMI.

Introduction

P-selectin (CD62P) is a member of the selectin family of 
cell adhesion molecules located in the platelet granule and 
Weibel-Palade body of endothelial cells. P-selectin mediates 
the rolling of blood cells on the surface of the endothelium and 
initiates the attachment of leukocytes circulating in the blood 
to platelets, endothelial cells and other leukocytes at sites of 
tissue injury and inflammation (1). These processes are possible 
since P-selectin glycoprotein ligand-1 (PSGL-1), the ligand for 
P-selectin, is present on the surface of platelets and endothelial 
cells which undergo sulfation of a specific tyrosine residue at the 
N-terminal for P-selectin recognition (2,3). Soluble P-selectin, 
lacking the cytosolic/transmembrane domain, has been identi-
fied as circulating in plasma in healthy controls and diseased 
cohorts. An increased level of soluble P-selectin (sP-selectin) 
is a major predictive factor of cardiovascular events relating to 
platelet turnover and its activation and function. P-selectin plays 
a key role in diseases associated with injury and arterial throm-
bosis. Increased expression of P-selectin is observed in coronary 
artery disease, acute myocardial infarction (AMI), stroke and 
peripheral artery diseases (4,5).

Inflammation plays a significant role in numerous chronic 
diseases, including atherosclerosis-associated cardiovascular 
disease. The adhesion of immune cells plays a critical role in 
the inflammatory response and indeed the pathophysiology of 
inflammatory diseases. P‑selectin is critical in the progression of 
atherosclerosis as evidenced by knockout animal models, where 
P‑selectin knockout mice crossed with ApoE‑deficient mice 
exhibited significantly reduced atherosclerosis and leukocyte 
recruitment in the plaque. sP-selectin also has pro-atherogenic 
and pro-thrombotic effects [as reviewed in (6)]. More than 80% 
of acute myocardial infarcts are the result of coronary athero-
sclerosis with superimposed luminal thrombus and its rupture. 
Uncommon causes of myocardial infarction include coronary 
spasm, coronary embolism and thrombosis in nonatheroscle-
rotic normal vessels (7). These findings led us to hypothesize 
that sP-selectin-associated AMI is induced by coronary athero-
sclerosis formation and rupture.
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As the primary adhesion molecule in initiating cell acti-
vation and cell adhesion to platelets and endothelial cells, 
and having a critical role in inducing chronic inflammatory 
and cardiovascular diseases, P-selectin is an attractive thera-
peutic target in vascular diseases. However, the basic tenet of 
targeting P-selectin may be complicated by the presence of 
a soluble form of P-selectin; thus, the targeting of P-selectin 
remains a strong clinical candidate for developing novel 
therapeutic strategies (8). Percutaneous coronary intervention 
(PCI) and thrombolysis are the two main therapeutic strategies 
for AMI (9). Since the two strategies are used to remove the 
obstruction of the coronary artery to prevent AMI, there is a 
possibility that PCI or thrombolysis could inhibit sP-selectin 
to a certain extent. sP-selectin is increased in AMI and 
atherosclerosis patients, which proves only that sP-selectin is 
correlated with the onset of AMI. However, it remains unclear 
whether sP-selectin also affects the severity of AMI.

In the present study, we investigated P-selectin in 
50 patients and the role of sP-selectin by administration of 
P-selectin antagonist in two mouse models (atherosclerosis 
model and neointimal formation model). We demonstrated 
that sP-selectin only promoted atherosclerotic plaque and its 
rupture, and neointimal formation and bleeding, then induced 
the onset of AMI but did not affect its severity.

Materials and methods

Human sample collection. For human analysis, baseline 
plasma samples were obtained from 50 male cohorts from 
the Fourth Affiliated Hospital of Harbin Medical University 
(Harbin, China). Ages ranged from 42-67 years. These 
comprised 15 control cohorts, who had no any cardiovascular 
disease; 15 chest pain cohorts who were diagnosed with 
angina; 10 cohorts who were diagnosed with AMI and finally 
underwent PCI therapy; and 10 cohorts who were diagnosed 
with AMI and finally underwent thrombolysis therapy. Written 
informed consent was obtained from the patients. For the 20 
AMI cohorts, the therapeutic choice of PCI or thrombolysis 
therapy was voluntary. None of the individuals involved in this 
experiment suffered from any sP-selectin-induced disease, 
such as chronic obstructive pulmonary disease, rheumatoid 
arthritis and dermatitis, in which sP-selectin is reportedly 
increased (10-12).

Human background and plasma measurement. For all 
cohorts, the body mass index (BMI) and waist circumfer-
ence (WC) were measured as a routine examination. 
Pericardial adipose tissue (PCAT) volume was measured 
using 64-slice computed tomography and then calculated 
three-dimensionally using contrast-enhanced images, as 
reported previously (9).

Plasma sP-selectin, total cholesterol (TC), low-density lipo-
protein (LDL), high-density lipoprotein (HDL), tumor necrosis 
factor (TNF)-α, adiponectin, creatine kinase (CK)-MB and 
cardiac troponin I (cTnl) were measured by a specific ELISA 
kit (MyBioSource, Inc., San Diego, CA, USA). The basic data 
are shown in Table I.

Animal models. To generate the atherosclerotic formation and 
plaque rupture models, male ApoE‑/‑ mice (Biocytogen Co., 

Ltd., Beijing, China), aged 12 weeks, were fed a high-choles-
terol diet for 5 and 10 weeks (n=12 each), as described 
previously (13,14).

To generate the neointimal hyperplasia and neointimal 
bleeding model, the bilateral femoral arteries of 16-week-old 
C57BL/6N mice were subject to transluminal wire injury as 
described previously (15). The neointimal hyperplasia mice 
were fed a normal diet and the neointimal bleeding mice were 
fed a high-cholesterol diet for 5 weeks. All mice had ad libitum 
access to water. The present study was approved by the ethics 
committee of Harbin Medical University.

Antibody administration. In the atherosclerotic group, each 
mouse was given a single bolus of 100 µg RB40.34 mAb 
(Thermo Fisher Scientific Inc., Waltham, MA, USA) via IP 
injection once a week for 5 weeks.

In the neointimal hyperplasia group, three hours before 
femoral arterial injury, each mouse was given a single bolus 
of 100 µg RB40.34 mAb via IP injection with the operator 
blinded to treatment (16).

Tissue staining and the evaluation of plaque and neointimal 
hyperplasia. Anesthetized mice were perfused with phos-
phate-buffered saline (PBS) through the left cardiac ventricle, 
and then tissues were fixed by perfusion of 4% paraformalde-
hyde containing PBS. For neutral lipid visualization, sections 
were rinsed in 60% isopropanol and incubated in a saturated, 
filtered solution of Oil Red O in 60% isopropanol for 1 h. 
Elastica van Gieson staining was performed as reported previ-
ously (17).

Statistical analysis. Data are expressed as the means ± stan-
dard error of the mean of triplicate runs. Each experiment 
was repeated at least three times. Student's t-test and analysis 
of variance were used to assess differences, and P<0.05 was 
considered to indicate a statistically significant difference.

Results

sP‑selectin is increased in obesity and hyperlipidemia 
patients. Since sP-selectin, which induces the adhesion of 
platelet and endothelium cells, is reported to be an inflam-
matory factor, and obesity is a well-known cause of classic 
chronic systemic inflammation, the BMI and WC indices 
are often used to evaluate obesity (18). Therefore, we firstly 
investigated the correlation of sP-selectin and obesity using 
these two obesity indices in all 50 patients, regardless of 
their AMI status. sP-selectin levels were found to be 90±14, 
128±35 and 57±54 ng/ml, respectively, in the three BMI 
subgroups (BMI<25, 25<BMI<30 and BMI>30; Fig. 1A), in 
which 25 and 30 were excluded, and sP-selectin levels were 
108±27 and 158±59 ng/ml, respectively, in the two WC 
subgroups (WC<80 cm and WC>80 cm; Fig. 1B; excluding 
80 cm). In previous studies, PCAT was reported to have a 
higher correlation with coronary heart disease than abdominal 
obesity (13,20). We therefore supposed that sP-selectin 
was also correlated with PCAT. It was demonstrated that 
sP-selectin was 148±55 ng/ml in PCAT areas over 160 cm2, 
which was higher than the 110±41 ng/ml measured in areas 
less than 160 cm2 (Fig. 1C) 160 cm2 itself was not assessed.
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Figure 1. Soluble P-selectin (sP-selectin) is increased in patients with obesity and hyperlipidemia. Plasma concentration of sP-selectin in (A) three body mass index 
(BMI) groups (BMI<25, n=17; 25<BMI<30, n=22; BMI>30, n=11), (B) two waist circumference (WC) groups (WC<80 cm, n=29; WC>80 cm, n=21) and (C) two 
pericardial adipose tissue (PCAT) area groups (PCAT<160 cm2, n=22; PCAT>160 cm2, n=28), in all the controls, angina patients and acute myocardial infarction 
patients before percutaneous coronary intervention or thrombolysis therapy. Plasma concentration of soluble P-selectin in low and high (D) total cholesterol (TC), 
(E) low-density lipoprotein (LDL) and (F) high-density lipoprotein (HDL) groups (TC: low TC<5 ng/ml, high TC>5 ng/ml; LDL: low LDL<3 ng/ml, high LDL>3 ng/ml;  
HDL: low HDL<1.05 ng/ml; high HDL>1.05 ng/ml). *P<0.05 and **P<0.01, compared with the white bar; data are presented as the mean ± SEM.

Table I. Characteristics of patients.

 Control Chest pain  PCI  Thrombolysis
 (n=15) (n=15) (n=10) (n=10)

Gender Male Male Male Male
Age 49±7 52±8 55±12 56±9
sP-selectin (ng/ml) 101±20 120±29 156±57 166±76
BMI 24.4±3.4 26.7±3.6 30.2±4.0 28.1±3.6
WC (cm) 80±9.7 81±8.5 92.3±9.3 97.1±8.5
PCAT 154±14 162±16 169±16 162±17
TC (mmol/l) 4.02±0.66 4.39±0.73 5.29±1.30 5.62±1.51
LDL (mmol/l) 2.14±0.64 2.98±0.77 3.44±1.03 3.43±1.25
HDL (mmol/l) 1.51±0.28 1.15±0.39 1.07±0.24 1.15±0.34
TNF-α (ng/ml) 0.83±0.41 0.73±0.35 1.02±0.38 1.22±0.39
Adiponectin (µg/ml) 7.06±1.77 7.39±1.5 5.89±1.67 6.52±2.45
CK-MB (U/l) - - 54.8±14.4 44.2±13.8
cTnl (µg/l) - - 2.23±1.08 2.88±0.75

PCI, percutaneous coronary intervention; BMI, body mass index; WC, waist circumference; PCAT, pericardial adipose tissue; TC, total cho-
lesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TNF-α, tumor necrosis factor-α; CK-MB, creatine kinase-MB; cTnI, 
cardiac troponin I.

  A   B

  C   D

  E   F
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Obesity may lead to hyperlipidemia, which is a 
high risk factor for myocardial infarction, so next we 
confirmed the correlation between sP-selectin and 
hyperlipidemia. We revealed that sP-selectin levels were 
significantly higher in high TC (6.37±0.24 mmol/l) patients 
than in low TC (4.18±0.11 mmol/l) patients (173±15 vs. 
109±5 ng/ml; Fig. 1D), sP‑selectin levels were significantly 
higher in high LDL (3.83±0.12 mmol/l) patients than in low 
LDL (2.12±0.16 mmol/l) patients (153±10 vs.113±9 ng/ml; 
Fig. 1E), and sP‑selectin levels were significantly higher in 
low HDL (0.94±0.04 mmol/l) patients than in high HDL 
(1.49±0.05 mmol/l) patients (160±12 vs. 107±6 ng/ml; 
Fig. 1F). In conclusion, sP‑selectin levels were significantly 
higher in individuals with obesity (abdominal and pericardial 
obesity) and hyperlipidemia.

sP‑selectin is positively correlated with chronic inflammation. 
As we have confirmed that sP‑selectin is increased in individ-
uals with obesity and hyperlipidemia, and it has been reported 

that obesity and hyperlipidemia lead to a chronic inflammation 
state (21), we hypothesized that sP-selectin was also correlated 
with chronic inflammation. To confirm this, we measured the 
serum TNF-α and adiponectin levels. It was demonstrated 
that sP-selectin was positively correlated with serum TNF-α 
(Fig. 2A) and negatively correlated with serum adiponectin 
(Fig. 2B).

The above results suggest that chronic inflammation asso-
ciated with obesity and hyperlipidemia may induce an increase 
in sP-selectin levels. The increased sP-selectin may play a 
significant role in certain inflammation‑induced diseases.

sP‑selectin is correlated with AMI onset but not AMI severity. 
Obesity, hyperlipidemia and chronic inflammation have been 
shown to be risk factors of AMI (17). It has been reported that 
sP-selectin may lead to cardiovascular diseases (4). Therefore, 
we firstly confirmed that sP‑selectin was significantly higher 
in PCI or thrombolysis therapy patients than in chest pain or 
control patients (Fig. 3A). Next, we considered whether PCI or 

Figure 2. Soluble P‑selectin (sP‑selectin) is correlated with systemic inflammation. (A) Correlation between plasma concentration of sP‑selectin and plasma tumor 
necrosis factor (TNF)-α in all cohorts. (B) Correlation between plasma concentration of sP-selectin and plasma adiponectin in all cohorts (n=50).

Figure 3. Soluble P-selectin (sP-selectin) is correlated with acute myocardial infarction (AMI) onset, but not AMI severity. (A) sP-selectin concentration in four 
groups [control, n=15; chest pain, n=15; percutaneous coronary intervention (PCI), n=10; thrombolysis, n=10]. (B) Change in sP-selectin concentration 24 and 
48 h after PCI or thrombolysis treatment. Concentration of two AMI markers, (C) creatine kinase-MB (CK-MB) and (D) cardiac troponin I (cTnl) in the low 
sP-selectin (<70 ng/ml; n=10) and high sP-selectin (>70 ng/ml; n=10) groups before PCI and thrombolysis treatment. *P<0.05 and **P<0.01, compared with the 
white bar; data are presented as the mean ± SEM.
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thrombolysis could decrease the sP-selectin level. To investi-
gate this we measured the sP-selectin levels 24 and 48 h after 
PCI or thrombolysis treatment, and compared it with those 
before treatment. sP-selectin was not found to be affected by 
PCI or thrombolysis (Fig. 3B).

It was known that sP-selectin could induce AMI onset, but 
it was unclear whether sP-selectin affected AMI severity. In 
order to elucidate this, we divided all the PCI and thrombolysis 
therapy patients into two groups according to their sP-selectin 
levels: A low sP-selectin (55±4 ng/ml) group and a high 
sP-selectin (107±8 ng/ml) group. Subsequently, we compared 
the CK-MB and cTnl levels prior to any treatment. We demon-

strated that in all AMI patients, there was no difference in 
CK-MB and cTnl levels between the low sP-selectin and high 
sP-selectin groups (Fig. 3C and D). These results demonstrate 
that sP-selectin did not affect AMI severity.

sP‑selectin induces atherosclerotic plaque and rupture, and 
neointimal formation and bleeding. We have confirmed that 
sP-selectin induces AMI onset but does not affect AMI severity. 
AMI is the result of coronary atherosclerosis and its rupture; 
hence, we next investigated whether sP-selectin was capable of 
inducing atherosclerotic plaque formation. In order to investi-
gate this, ApoE-/- mice were used to create the atherosclerotic 

Figure 4. Soluble P-selectin induces arteriosclerotic plaque formation and its rupture, neointimal formation and neointimal bleeding. (A) Image of arterioscle-
rotic plaque formation in ApoE-/- mice fed a high‑fat diet (HFD; left) and with RB40.34 administration (right) with quantification of the plaque area and aortic 
area ratio (scale bar, 0.5 cm). (B) Image of carotid arterial arteriosclerotic plaque rupture with quantification of plaque stability indices (scale bar, 100 mm). 
(C) Image of neointimal formation in wild‑type mice following wire injury (left) and RB40.34 administration (right) with quantification of neointimal/medium 
ratio. (D) Image of neointimal bleeding in HFD wild‑type mice (left; n=14) and in the HFD+RB40.34 administration group (right; n=15) with quantification 
of the bleeding area/neointimal area. Magnification, x20. *P<0.05; data are presented as the mean ± SEM.
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plaque model. Next, we administered RB40.43, a blocking 
monoclonal antibody of sP-selectin, to block sP-selectin. As a 
result, the RB40.43 administration group mice were found to 
exhibit decreased atherosclerotic plaque formation (Fig. 4A). 
AMI was caused by unstable plaque and rupture of plaque. 
Notably, inhibition of sP-selectin also suppressed necrotic core 
formation, and thus enhanced fibrous cap thickness (Fig. 4B). 
These results indicated that sP-selectin could induce athero-
sclerotic plaque formation and its rupture.

Neointimal formation has been reported as the endothe-
lial initial remodeling of atherosclerosis, and prevention of 
injury-induced neointimal formation also reduces spontaneous 
atherosclerosis (23). For this reason, we considered whether 
sP-selectin was capable of inducing neointimal formation. To 
investigate this, normal wild-type mice were used to create a 
wire-injured neointimal formation model, and RB40.43 was 
administered. As a result, the mice exhibited weak neointimal 
formation compared with the control group (Fig. 4C). As 
neointimal hyperplasia also exhibited neointimal bleeding 
in certain model mice (16), we used a high-fat diet (HFD) to 
induce potential neointimal bleeding. We revealed that, in the 
HFD group, half of the mice exhibited neointimal bleeding; 
however, in the RB40.34 administration group, only 27% of 
mice exhibited neointimal bleeding (data not shown). Among 
the bleeding mice, the RB40.34 administration group exhib-
ited a smaller degree of bleeding compared with the HFD 
group, and we also demonstrated that inhibition of sP-selectin 
by RB40.34 reduced the bleeding area (Fig. 4D). These results 
indicate that sP-selectin induced neointimal formation and 
bleeding.

Discussion

P-selectin is a transmembrane protein present in the alpha gran-
ules of platelets and the Weibel-Palade bodies of endothelial 
cells. P-selectin expression in platelets and endothelial cells has 
been shown to be elevated in disorders associated with cardio-
vascular diseases (24). Animal models have demonstrated the 
significant roles of P‑selectin in the process of these cardiovas-
cular diseases. For example, increased P-selectin expression has 
been demonstrated in active atherosclerotic plaque; in contrast, 
animals lacking P-selectin have a decreased tendency to form 
atherosclerotic plaque. Increased levels of soluble P-selectin 
in the plasma have also been demonstrated in a variety of 
cardiovascular disorders, including coronary artery disease, 
hypertension and atrial fibrillation, with some correlation with 
prognosis [as reviewed in (4)]. However, it was only known 
that sP-selectin was capable of inducing AMI, and not whether 
sP-selectin also affected severity in patients with existing AMI.

It is reported that fibrotic inactive plaque lacks sP‑selectin 
expression (25), which indicated the possibility that a lack of 
sP-selectin would lead to relatively stable plaque, a relatively 
safe state against the AMI onset for atherosclerosis patients. 
Although AMI onset was positively correlated with the forma-
tion of atherosclerotic plaque, in which patients the sP-selectin 
levels were elevated, not all patients with atherosclerotic 
plaque will progress to AMI. Although unstable plaque is 
not synonymous with AMI (26), unstable plaque notably led 
to more patients with AMI (27). Therefore, we assumed that 
sP-selectin was a risk factor in promoting unstable plaque 

formation, and furthermore inducing the onset of AMI. 
However, in individuals already suffering AMI, AMI severity 
has become the most significant index for prognosis (28). 
Therefore, in this study, we investigated the role of sP-selectin 
in the onset and severity of AMI.

Obesity, hyperlipidemia and systemic inflammation are 
reported as risk factors for AMI and other cardiovascular 
diseases (29,30). Hence, in the present study, we firstly 
confirmed that sP-selectin was increased in obesity and 
hyperlipidemia patients, and also correlated with systemic 
inflammation (Figs. 1 and 2). These results were consistent 
with those of previous studies (31-33). We additionally 
reported that sP-selectin levels were increased in patients 
with a higher PCAT area. However, the reason for the associa-
tion between sP-selectin and PCAT area remains unknown. 
Notably, sP-selectin is also increased in patients with type 1 
and type 2 diabetes mellitus (34,35), which also has systemic 
chronic inflammatory status, so this evidence also supports the 
inflammation‑promotion role of sP‑selectin. It is a limitation 
of the present study that the diabetes mellitus background of 
patients was not investigated. The abovementioned studies and 
our data indicate that obesity, hyperlipidemia and systemic 
chronic inflammation are the basic risk factors to induce 
sP-selectin.

The present study also confirmed that sP-selectin was 
increased in AMI patients (Fig. 3A), which was consistent 
with a previous study (36). Hence, methods of reducing the 
sP‑selectin level have become a significant means of preventing 
AMI. PCI and thrombolysis are extremely effective thera-
pies; however, neither PCI nor thrombolysis were capable of 
reducing sP-selectin (Fig. 3B), and sP-selectin did not affect the 
severity of AMI before patients accepted PCI or thrombolysis 
(Fig. 3C). Therefore, it was concluded that sP-selectin only 
induced AMI onset, but did not affect its severity. The plasma 
level of sP-selectin was increased in patients with unstable 
angina(Fig. 3A). Transient coronary arterial spasm could acti-
vate coronary arterial endothelium cells, and also lead to a high 
inflammatory status followed by transient myocardial ischemia. 
Activated coronary arterial endothelium cells and inflamma-
tion induce an increase in sP-selectin (37). However, although 
PCI and thrombolysis reduce systemic inflammation through 
enlargement of the narrow coronary arterial lumen and break-
down of apolipoprotein by thrombolysis (38), sP-selectin was 
not reduced. It is possible that in PCI patients, although stenosis 
was improved and systemic inflammation was decreased, the 
catheter would injure the coronary arterial endothelium cells, 
which would lead to a potential increase in inflammation. 
Alternatively, the reduction in sP-selectin may take a relatively 
long time following PCI or thrombolysis treatments, but in the 
present study we only investigated up to 48 h post-treatment. 
AMI severity depends on the location of coronary arterial 
stenosis and the hospitalization time. In the present study, we 
investigated 15 PCI and 15 thrombolysis patients, and the hospi-
talization time for the two groups of patients was almost the 
same (data not shown). Therefore, sP-selectin has no correlation 
with the location of coronary arterial stenosis.

As superimposed luminal thrombus and rupture of coronary 
atherosclerosis are main causes of AMI, we believed atheroscle-
rosis plaque formation to be a further cause of AMI, induced 
by sP-selectin. Since neointimal formation was thought to be 
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the initial pathological change of atherosclerosis, we hypoth-
esized that sP-selectin could induce atherosclerosis plaque and 
neointimal formation (Fig. 4A and C). Increased plaque is an 
increased risk factor for coronary artery stenosis, and once 
the stenosis reaches 70%, obstructive coronary artery disease 
may be defined. Once patients are diagnosed with obstructive 
coronary artery disease, the stability of the plaque is the critical 
issue to address, as unstable plaque leads directly to AMI. In 
the present study, we demonstrated that sP-selectin inhibitor not 
only reduced plaque rupture but also decreased the neointimal 
bleeding incidence rate and the bleeding area (Fig. 4B and D).

In conclusion, in the current study, we demonstrated that an 
excess of sP‑selectin, induced by systemic inflammation and 
hyperlipidemia, leads to neointimal hyperplasia and athero-
sclerosis plaque formation with unstable neointimal bleeding 
and plaque rupture, and then leads to the onset of AMI. 
However, in individuals already suffering AMI, a further 
increase of sP-selectin may have no effect on severity.
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