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Abstract. As a common factor of both type  2 diabetes 
mellitus  (T2DM) and acute coronary syndrome  (ACS), 
circulating microparticles (MPs) may provide a link between 
these two diseases. The present study compared the content 
and function of MPs from patients with ACS with or without 
T2DM. MPs from healthy subjects (n=20), patients with 
ACS (n=24), patients with T2DM (n=20) and patients with 
combined ACS and T2DM (n=24) were obtained. After 
incubating rat thoracic tissue with MPs, the effect of MPs on 
endothelial‑dependent vasodilatation, expression of caveolin‑1 
and endothelial nitric oxide synthase (eNOS), phosphorylation 
of eNOS at the S1177 and T495 sites and its association with 
heat shock protein 90 (Hsp90), and the generation of NO and 
superoxide anion (O2 ‑̇) were determined. MP concentrations 
were higher in patients with T2DM and patients with ACS 
with or without T2DM than in healthy subjects. Moreover, 
MPs from patients with T2DM or ACS led to impairment in 
endothelial‑dependent vasodilatation, decreased expression 
of NO, as well as eNOS and its phosphorylation at Ser1177 
and association with Hsp90, but increased eNOS phosphory‑
lation at T495, caveolin‑1 expression and O2 ‑̇ generation. 
These effects were strengthened by MPs from patients with 
ACS combined with T2DM. T2DM not only increased MP 
content but also resulted in greater vascular impairment 
effects in ACS. These results may provide novel insight into 
the treatment of patients with ACS and T2DM.

Introduction

Acute coronary syndrome (ACS) is characterized as a group of 
clinical syndromes caused by acute myocardial ischemia. ACS, 
which includes acute myocardial infarction and unstable angina, 
endangers lives and health (1). Studies have found that activa‑
tion of platelets and impairment of endothelial function serve 
key roles in ACS occurrence (2,3). Pathological changes caused 
by ACS are characterized by coronary atheromatous plaque 
rupture, inflammatory states, activated platelet adhesion/aggre‑
gation, vasospasm, thrombus formation and disability or even 
death (4,5). Type 2 diabetes mellitus (T2DM), along with endo‑
thelial cell (EC) injury and coagulation activation, is considered 
to be a key element involved in the development of accelerated 
atherosclerosis (6‑8). However, silent myocardial ischemia is a 
common feature in patients with ACS combined with T2DM due 
to damage to the nervous system caused by hyperglycemia (9). 
Therefore, it is important to identify indicator that may predict 
coronary artery damage in patients with T2DM. Circulating 
microparticles (MPs), which were previously considered to be 
cell waste, are primarily produced by injured ECs and activated 
platelets  (10). However, a number of studies have revealed 
that MPs in pathological conditions can induce activation of 
coagulation and neutrophils, as well as vascular endothelial cell 
dysfunction or impairment (10‑12). Our previous study demon‑
strated that the MP content increases in patients with ACS and 
that rising MP levels impair endothelial‑dependent vasodilata‑
tion by inhibiting the AKT/endothelial nitric oxide synthase 
(eNOS)‑heat shock protein (Hsp)90 signaling pathway (12). 
Thus, MPs are considered to be a marker of EC dysfunction 
and/or injury (13). Whether MPs participate in the influence of 
T2DM on coronary artery disease and their biological function 
remains unclear. The present study aimed to assess the effect of 
MPs from patients with ACS combined with T2DM on vasodi‑
latation and endothelial function in rat thoracic aortas.

Materials and methods

Study population. Patients with ACS (without previous myocar‑
dial infarction within 3 months) with (n=24; age, 42.73±8.46 years; 
12 male patients and 12 female patients) or without T2DM 
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(n=24; age, 46.64±10.25 years; 13 male patients and 11 female 
patients) and patients with T2DM (n=20, 45.36±11.81 year, 
male/famale: 10/10) were recruited (Xi'an, China). Patients were 
recruited between March 2016 and September 2018. Patients 
with diseases that could increase MPs were excluded, including 
hypertension, renal failure, severe trauma, infectious disease, 
lupus anticoagulant, multiple sclerosis and rheumatic disease. 
For their influence on neurohumoral regulation, patients taking 
either angiotensin‑converting enzyme inhibitors or angiotensin 
receptor blockers were excluded. Healthy subjects (n=20; age, 
43.53±7.35 year; 11 male patients and 9 female patients), who 
were sex‑ and age‑matched, were enrolled between June 2016 
and December  2016 as volunteers. The present study was 
approved by The People's Hospital of Shaanxi Province Ethics 
Review Board. All participants signed informed consent forms.

Isolated MPs. Fasting peripheral blood from patients and healthy 
subjects was obtained on the initial hospitalization day. After 
centrifuging (11,000 x g; 2 min; 4˚C) the blood, platelet‑poor 
plasma was obtained (50 µl was reserved for flow cytometric 
analysis). Then, the platelet‑poor plasma was further centrifuged 
at 13,000 x g for 45 min at 4˚C as previously described (14). MPs 
precipitated in the bottom of the tube and were resuspended in 
100 µl RPMI‑1640 medium (HyClone; Cytiva). A bicinchoninic 
acid protein assay (Merck Life Science UK, Ltd.) was used 
to assess the MP concentration. Before further analysis, MPs 
were stored at ‑80˚C. Because limited blood samples could be 
obtained from each patient, isolated MPs from each group were 
mixed together for subsequent experiments. The time‑points 
and concentrations of MPs used in the present study were as 
described in our previous study (15).

MP origin detection. The origin of MPs was detected by flow 
cytometric analysis. Following incubation of platelet‑poor plasma 
with anti‑CD31‑PE (5 µl; cat. no. 555027; 1:400; BD Biosciences) 
and anti‑CD41‑FITC (5 µl; cat. no. 561849; 1:400; BD Biosciences) 
for 30 min at 37˚C as previously described (16), flow count 
calibrator beads (50 µl; Beckman Coulter, Inc.) were added 
and incubated at 37˚C for another 15 min. Platelet‑derived MPs 
[PMPs; CD31(+)/CD41(+)] and endothelial‑derived MPs [EMPs; 
CD31(+)/CD41(‑)] were counted and analyzed using an MoFlo 
XDP Cell Sorter (Beckman Coulter, Inc.; gate size, <1 µm).

Vasodilatation study (n=6). Sprague‑Dawley male rats 
(n=30; age, 6 weeks; weight, 150±10 g; purchased from the 
Central Laboratory of Shaanxi Provincial People's Hospital) 
were individually housed at 20±2˚C with 55±10% humidity, 
12:1 dark‑light cycles, and free access to water and chow. Rats 
were decapitated following light anesthesia by pentobarbital 
(10 mg/kg; Sigma‑Aldrich; Merck KGaA). The thoracic aorta 
was separated and cut into 3‑5‑mm segments [this process 
was conducted in ice‑cold Krebs solution (Sigma‑Aldrich; 
Merck KGaA)]. Tissue surrounding the aorta was removed. The 
aortic rings were then connected to an isometric force transducer 
(Emka Technologies) as previously described (15). Following 
equilibration in Krebs solution and continuous aeration (95% O2 
and 5% CO2) for 1 h at 37˚C, aortic ring stabilization was tested 
by exposure to 60 mmol/l KCl for 2 min at 37˚C. Then, the 
rings were incubated with MPs (2.5 mg/ml) from all groups for 
30 min at 37˚C. Phenylephrine (PE; 10‑6 mol/l; Sigma‑Aldrich; 

Merck KGaA) was added to pre‑constrict the rings. Rings were 
incubated with the eNOS inhibitor NG‑nitro‑L‑arginine methyl 
ester (L‑NAME; 100 µmol/l, Sigma‑Aldrich; Merck KGaA) 
at 37˚C for 30 min. Time‑ and endothelium‑dependent relaxation 
in response to acetylcholine (10‑8‑10‑4 mol/l; Sigma‑Aldrich; 
Merck KGaA) was measured following PE pre‑constriction. 
Briefly, following contraction to the maximum extent by PE, 
different concentrations (10‑8‑10‑4 mol/l) of acetylcholine were 
added to dilate the blood vessels. The diastolic values of each 
acetylcholine concentration were recorded and analyzed. 
Similar to acetylcholine, endothelium‑independent relaxation 
was tested using the nitrovasodilator sodium nitroprusside (SNP; 
10‑8‑10‑4 mol/l; Sigma‑Aldrich; Merck KGaA). Experiments 
were approved by The People's Hospital of Shaanxi Province 
Animal Ethics Committee. RPMI‑1640 medium in the absence 
MPs was set as a blank control.

NO detection (n=6). Vessel rings were opened longitudinally. 
Following equilibration at 37˚C for 30 min in 48‑well plates 
with Krebs solution (Sigma‑Aldrich; Merck KGaA), rings were 
incubated in the presence or absence of MPs (2.5 mg/ml) from 
each group for 1 h at 37˚C. Control groups were treated with 
an equal volume of RPMI‑1640. Then, the rings were treated 
with diaminofluorescein diacetate (10 µM; Sigma‑Aldrich; 
Merck KGaA) at 37˚C for 30 min. Vascular endothelial growth 
factor (50 ng/ml; Sigma‑Aldrich; Merck KGaA) was added 
as a positive control. Laser scanning confocal microscopy 
(magnification, x200, emission, 515 nm; excitation, 495 nm) 
was used to obtain fluorescence images. Fluorescence intensity 
was assessed using ImageJ software (version 1.52; National 
Institutes of Health) as previously described (16). RPMI‑1640 
medium in the absence of MPs was set as a blank control.

Superoxide (O2˙‑) detection (n=6). First, the vessel rings were 
opened longitudinally. Following equilibration within Krebs 
solution for 30 min at 37˚C, the rings were treated in the 
presence or absence of L‑NAME (1 mmol/l; Sigma‑Aldrich; 
Merck KGaA) at 37˚C for 30 min. Then, the rings were incu‑
bated in the presence or absence of MPs from all groups at 37˚C 
for 30 min. Next, the rings were incubated with hydroethidine 
(10 µmol/l; AnaSpec, Inc.) at 37˚C for 30 min. Fluorescence 
images were obtained by laser scanning confocal microscopy 
(magnification, x200; emission, 530 nm; excitation, 488 nm). 
H2O2 (0.5 mol/l; Sigma‑Aldrich; Merck KGaA) was added 
as a positive control. Fluorescence intensity was assessed by 
ImageJ softwareas previously described  (15). RPMI‑1640 
medium in the absence of MPs was set as a blank control.

Western blot analysis (n=6). Following treatment in the pres‑
ence or absence MPs from all groups at 37˚C for 12 h, the 
rat aortic proteins were obtained using RIPA lysis solution 
(Sigma‑Aldrich; Merck KGaA). Protein concentrations were 
determined using a bicinchoninic acid protein assay. Proteins 
(20 µg) were separated via SPS‑PAGE (5% concentrated gel 
and 8% separation gel) and transferred to PVDF membranes 
(Sigma‑Aldrich; Merck  KGaA). Following blocking with 
5%  skimmed milk powder (Sigma‑Aldrich; Merck  KGaA) 
at  37˚C for 1  h, the membranes were incubated with the 
following primary antibodies: eNOS (cat. no. sc‑654; 1:1,000; 
Santa Cruz Biotechnology, Inc.), phosphorylated eNOS at T495 
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(cat. no. 9574; 1:800; Cell Signaling Technology, Inc.), phos‑
phorylated eNOS at Ser1177 (cat. no. 9571; 1:800; Cell Signaling 
Technology, Inc.), caveolin‑1 (cat.  no.  3267; 1:10,000; Cell 
Signaling Technology, Inc.) and GAPDH (cat. no. 2118; 1:5,000, 
Cell Signaling Technology, Inc.) at 4˚C for 12 h. Subsequently, 
the membranes were incubated with horseradish peroxi‑
dase‑conjugated secondary antibodies (cat. no. 7074S; Cell 
Signaling Technology, Inc.; equivalent dilution ratio to primary 
antibodies) at 37˚C for 1 h. Protein bands were visualized 
using enhanced chemiluminescence solution (cat. no. sc‑2048; 
Santa Cruz Biotechnology, Inc.). Protein expression levels were 
semi‑quantified using ImageJ software. RPMI‑1640 medium in 
the absence of MPs was set as a blank control.

Immunoprecipitation (n=6). Following treatment in the pres‑
ence or absence of MPs from all groups for 12 h at 37˚C, aortic 
protein was harvested using RIPA lysis solution (Sigma‑Aldrich; 
Merck KGaA). Protein concentrations were determined using 
a bicinchoninic acid protein assay. Subsequently, samples were 
treated with anti‑eNOS antibody (cat. no. sc‑136977; 1:1,000; Santa 
Cruz Biotechnology, Inc.) at 37˚C for 24 h to immunoprecipitate 
eNOS. Then, the immunocomplex was mixed with Laemmli 
buffer (Sigma‑Aldrich; Merck KGaA) and denatured (95˚C for 
5 min). After cooling on ice for ≥2 min, protein was obtained by 
centrifugation (680 x g, 2 min, 4˚C). Then, immunoprecipitation 
of eNOS (cat. no. sc‑654; 1:1,000; Santa Cruz Biotechnology, Inc.) 
and Hsp90 (cat. no. sc‑13119; 1:1,000; Santa Cruz Biotechnology, 
Inc.) was tested as previously described (10). RPMI‑1640 in the 
absence of MPs was set as a blank control.

Statistical analysis. Data are presented as the mean ± SD. Data 
were analyzed using GraphPad Prism software (version 7.0; 
GraphPad Software, Inc.). Sex, smoking and medicine were 
compared by Chi‑square test and Killip class was analyzed 
with Kruskal‑Wallis test. Multigroup comparisons were tested 
by one‑way analysis of variance followed by Bonferroni's 

multiple comparison post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Clinical data. There were no differences in characteristics (sex 
and age) between controls and patients except for lipids and 
medications (Table I).

MP concentrat ions.  Compared with the cont rol 
(2.84±0.69  mg/ml), MPs concentrations were increased 
in patients with ACS (4.63±0.86  mg/ml) and T2DM 
(4.21±0.77 mg/ml). MP levels (5.54±0.73 mg/ml) were further 
increased in patients with both ACS and T2DM (Fig. 1).

MP origins. Compared with the control, patients with ACS or 
T2DM exhibited higher proportions of EMPs (32.9±7.3 and 
33.9±4.2 vs. 20.2±4.3%, respectively) and PMPs (28.8±6.4 and 
29.9±5.1 vs. 22.0±6.2%, respectively; Fig. 2). The proportions 

Table I. Demographic, clinical and therapeutic characteristics of patients.

Characteristic	C ontrol (n=20)	AC S (n=24)	 T2DM (n=20)	AC S with T2DM (n=24) 

Age, years	 43.53±7.35	 46.64±10.25	 45.36±11.81	 42.73±8.46
Sex, male/female	 11/9	 13/11	 10/10	 12/12
Smoking	 6	 11	 10	 11
Total cholesterol, mmol/l	 4.45±0.76	 5.96±0.95a	 5.77±0.58a	 6.12±0.89a

Triglyceride, mmol/l	 0.97±0.42	 1.63±0.52a	 1.59±0.64a	 1.71±0.48a 
High density lipoprotein, mmol/l	 1.15±0.37	 0.93±0.26a	 0.99±0.33a	 1.01±0.32a

Low density lipoprotein, mmol/l	 2.89±0.65	 3.67±0.61a	 3.48±0.75a	 3.89±0.58a

Killip class, I/II/III/IV	 0/0/0/0	 18/6/0/0a	 0/0/0/0	 16/8/0/0a

Medication				  
  β‑receptor blockers	NA	  24a	 20a	 24a

  Nitrate esters	NA	  10a	 0	 12a

  Anticoagulants	NA	  24a	 20a	 24a

  Hypoglycemics	NA	  0	 20a	 24a,b

Values are presented as the mean ± SD. aP<0.05 vs. Control; bP<0.05 vs. ACS. ACS, acute coronary syndrome; T2DM, type 2 diabetes mellitus; 
NA, not applicable.

Figure 1. MP levels are increased in patients with ACS with or without 
T2DM. MPs were increased in patients with ACS (4.63±0.86 mg/ml; 
n=24) and T2DM (4.21±0.77 mg/ml; n=20) compared with the Control 
(2.84±0.69 mg/ml; n=20). MP content was further increased in patients with 
both ACS and T2DM (5.54±0.73 mg/ml, n=24). Data are presented as the 
mean ± SD. *P<0.05 vs. Control; #P<0.05 vs. ACS+T2DM. MP, microparticle; 
ACS, acute coronary syndrome; T2DM, type 2 diabetes mellitus.
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Figure 2. MP origin detection. Compared with the Control (A and B), both EMPs [CD31(+)/CD41(‑); yellow; 20.2±4.3%] and PMPs [(CD31(+)/CD41(+); green; 
22.0±6.2%] increased in patients with ACS (C and D); EMPs 32.9±7.3%; PMPs 28.8±6.4%, n=24) and patients with T2DM (E and F); EMPs 33.9±4.2%; PMPs 
29.9±5.1%, n=24); the EMP and PMP content was further increased in patients with ACS concurrent with T2DM (G and H); EMPs 37.8±5.8%; PMPs 37.0±3.6%; 
n=20). *P<0.05 vs. EMPs and PMPs; #P<0.05 vs. EMPs. MP, microparticle; EMP, endothelial‑derived MP; PMP, platelet‑derived MP; ACS, acute coronary 
syndrome; T2DM, type 2 diabetes mellitus.
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of EMPs (37.8±5.8%) and PMPs (37.0±3.6%) in patients with 
ACS concurrent with T2DM were significantly increased 
compared with all other groups (Fig. 2D and H).

Effect of MPs on vasodilatation. Compared with the 
control, MPs from patients with ACS or T2DM impaired 
endothelium‑dependent relaxation (Fig. 3A). This effect was 
strengthened by MPs from patients with ACS concurrent 
with T2DM (Fig. 3A). However, endothelium‑independent 
vasodilatation response to SNP was unaltered by MPs from 
all groups (Fig. 3B).

Effects of MPs on NO and O2˙‑ generation. Compared with 
the control group, MPs from patients with ACS or T2DM 
increased O2 ‑̇ generation (Fig. 4) but decreased NO (Fig. 5) 
production. The influence on both NO and O2 ‑̇ generation 
was enhanced by MPs from patients with ACS concurrent 
with T2DM (Figs. 4 and 5). However, the increased O2 ‑̇ in 
patients with ACS concurrent with T2DM was partly blocked 
by L‑NAME (Fig. 4).

Effects of MP on eNOS and caveolin‑1 expression levels. 
Western blotting was used to investigate the mechanism 
by which MPs affect endothelial function. Compared with 
the control group, MPs from patients with ACS or T2DM 
decreased eNOS and its phosphorylation at the Ser1177 site 

(Fig. 6A) but increased caveolin‑1 (Fig. 7A) and eNOS phos‑
phorylation at the T495 site (Fig. 6B). These effects were 
strengthened by MPs from patients with ACS concurrent with 
T2DM (Figs. 6 and 7A).

Effects of MPs on immunoprecipitation. Immunoprecipitation 
was performed to detect the effect of MPs on the association 
of eNOS with Hsp90. MPs from patients with ACS or T2DM 
decreased the association of eNOS with Hsp90; MPs from 
patients with ACS concurrent with T2DM further enhanced 
these effects (Fig. 7B).

Discussion

The present study indicated that MPs increased in patients 
with ACS with or without T2DM. MPs from patients with 
ACS, particularly those with concurrent T2DM, impaired 
endothelium‑dependent vasodilatation, increased O2 ‑̇ produc‑
tion, caveolin‑1 expression and eNOS phosphorylation at T495 
but decreased NO generation, eNOS and its phosphorylation 
at Ser1177, and uncoupled the association between eNOS and 
Hsp90 in the rat aorta.

Relatively low levels of MPs exist in healthy subjects. 
However, numerous studies have reported that increased MPs 
are found in a number of diseases associated with the vascular 
system (17‑20). Our previous study (12) revealed that MPs are 
increased in patients with ACS; this impairs vasodilatation by 
uncoupling the correlation of eNOS with Hsp90, inhibiting 
the eNOS‑Hsp90 pathway and Hsp90 and increasing oxida‑
tive stress. Biasucci et al (21) reported that MPs are further 
increased in ACS compared with stable angina (SA) but 
MP levels are not positively correlated with the atheroscle‑
rotic burden of patients with SA. Bernal‑Mizrachi et al (22) 
determined that a high number of EMPs was associated with 
lesions with thrombi, multiple irregular lesions and eccentric 
type II lesions. Mild to moderate (but not severe) stenosis is 
associated with increasing EMP levels, which indicates that 
EMP may be a useful marker of endothelial dysfunction. The 
present study demonstrated that increasing MPs are further 
increased in patients with both ACS and T2DM compared 
with ACS‑alone.

Oxidative stress, inflammation and endothelial dysfunction 
have been reported in T2DM (23,24). As a key etiological factor 
and therapeutic target of vascular complications in T2DM, 
endothelial dysfunction may also be associated with diseases 
with vascular complications (25‑28). In order to investigate 
the overlap of T2DM and MPs in the circulatory system, the 
present study examined whether T2DM could further enhance 
the effects of MPs on endothelial dysfunction.

Vasodilatation, which is primarily regulated by NO, serves 
a key role in hemoperfusion regulation (29). Wong et al (26) 
reported that specific therapies targeting increased eNOS 
activity may decrease morbidity and mortality ofcardiovas‑
cular diseases related to diabetes and hypertension by reversing 
endothelial dysfunction. Our previous study (12) indicated that 
MPs from patients with ACS impaired endothelial‑dependent 
vasodilatation via the AKT/eNOS‑Hsp90 pathway. In the 
present study, MPs from patients with both ACS and T2DM 
induced greater impairment of endothelium‑dependent vasodi‑
latation by blocking eNOS and its phosphorylation at Ser1177, 

Figure 3. Effects of MPs from patients with ACS concurrent with T2DM on 
endothelium‑dependent and ‑independent dilatation. (A) Compared with the 
Control, MPs (3 mg/ml) from patients with ACS or T2DM impaired endo‑
thelium‑dependent dilatation stimulated by acetylcholine. MPs from patients 
with ACS concurrent with T2DM further decreased endothelium‑dependent 
dilatation. (B)  There were no differences in endothelium‑independent 
vasodilator responses to sodium nitroprusside between MPs from Controls 
and patients with ACS and/or T2DM. Data are presented as the mean ± SD. 
*P<0.05 vs. the Control; #P<0.05 vs. ACS, T2DM. MP, microparticle; ACS, 
acute coronary syndrome; T2DM, type 2 diabetes mellitus.
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thus strengthening the expression of eNOS phosphorylation at 
T495.

As a structural caveolin protein, caveolin‑1 decreases NO 
generation by interacting with eNOS (30,31). Meye et al (32) 
revealed that homocysteine affected the association of eNOS 
with caveolin‑1, which results in endothelial dysfunction and 
decreased NO generation. Qin et al (33) reported that hyper‑
cholesterolemia impairs NO production and may participate 
in atherosclerosis by promoting eNOS association with 
caveolin‑1. Zhao et al (34) revealed that mice deficient in the 
caveolin‑1 gene exhibited significantly higher NO levels. The 
present study indicated that MPs from patients with ACS, 
particularly those with concurrent T2DM, upregulated expres‑
sion of caveolin‑1. This may participate in the impairment of 
both vasodilatation and NO production.

An imbalance between the production of vasoconstricting 
and vasodilating (e.g. NO) factors plays a key role in atheroscle‑
rosis. NO offsets reactive oxygen species (35). eNOS‑derived 
NO serves a key role in the regulation of vessel inflammatory 
status and tone (36). The primary mechanism underlying the 
imbalance between NO and O2 ‑̇ is eNOS uncoupling (12). 
Thus, the present study determined whether MPs from patients 
with ACS and/or T2DM could affect oxidative stress and the 

Figure 4. Effects of MPs from patients with ACS concurrent with T2DM on O2 ‑̇ generation. (A) MPs from patients with ACS or T2DM increased O2 ‑̇ produc‑
tion; this was enhanced by MPs from patients with ACS concurrent with T2DM but partly blocked by L‑NAME (n=6). Magnification, x200. (B) Relative 
fluorescence intensity. *P<0.05 vs. Blank and Control; #P<0.05 vs. ACS + T2DM. MP, microparticle; ACS, acute coronary syndrome; T2DM, type 2 diabetes 
mellitus; L‑NAME, NG‑nitro‑L‑arginine methyl ester.

Figure 5. Effects of MPs from patients with ACS concurrent with T2DM on 
NO generation. (A) MPs from patients with ACS and/or T2DM decreased NO 
production. Magnification, x200. (B) Relative fluorescence intensity. *P<0.05 
vs. Blank, Control; #P<0.05 vs. ACS, T2DM. MP, microparticle; ACS, acute 
coronary syndrome; T2DM, type 2 diabetes mellitus.
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Figure 7. Effects of MPs from patients with ACS concurrent with T2DM on caveolin‑1 expression and the association of eNOS with Hsp90 in rat thoracic aorta. 
Compared with the Control, MPs from patients with ACS and/or T2DM (A) significantly increased caveolin‑1 expression and (B) decreased the association 
between eNOS and Hsp90. *P<0.05 vs. Blank and Control; #P<0.05 vs. ACS and T2DM. MP, microparticle; ACS, acute coronary syndrome; T2DM, type 2 
diabetes mellitus; eNOS, endothelial nitric oxide synthase; Hsp90, heat shock protein 90.

Figure 6. Effects of MPs from patients with ACS concurrent with T2DM on eNOS in the rat thoracic aorta. MPs from patients with ACS and/or T2DM (A) decreased 
eNOS and its phosphorylation at the Ser1177 site and (B) upregulated eNOS phosphorylation at T495 in the rat thoracic aorta. *P<0.05 vs. Blank and Control; 
#P<0.05 vs. ACS and T2DM. MP, microparticle; ACS, acute coronary syndrome; T2DM, type 2 diabetes mellitus; eNOS, endothelial nitric oxide synthase.

https://www.spandidos-publications.com/10.3892/mmr.2021.12113
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association of eNOS with Hsp90. MPs from patients with 
ACS, particularly those with concurrent T2DM, decreased 
NO generation and the amount of eNOS that associated with 
Hsp90 but increased O2 ‑̇ production. In addition, the increased 
O2 ‑̇ was blocked by L‑NAME. These data indicated that MPs 
increased oxidative stress by eNOS uncoupling.

The present study used a mixture of MPs of different 
origins, as it was not possible to isolate EMPs and PMPs 
from human blood. Rats are often used in cardiovascular 
pharmacology research and screening of novel drugs due 
to their responsiveness (indicated by changes in blood pres‑
sure and vascular resistance). However, differences between 
the aorta of SD rats and humans means experiments must 
be performed on human aortic endothelial cells to verify 
the present results. In addition, future research should use 
a larger sample size and include classification of ACS (e.g. 
unstable angina, acute ST/non‑ST segment elevation myocar‑
dial infarction).

In summary, MPs from patients with both ACS and T2DM 
further enhanced the effects of MPs from patients with ACS 
on endothelial‑dependent vasodilatation by decreasing eNOS, 
its phosphorylation at Ser1177 and association with Hsp90 
and NO production and increasing caveolin‑1 expression, O2 ‑̇ 
generation and eNOS phosphorylation at T495. These results 
confirmed that MPs may be a useful marker of endothelial 
dysfunction.
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