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Abstract

Platelet microparticles (PMPs) are closely associated with diabetic macrovascular complications. The
present study aimed to investigate the effects of PMPs in diabetes on aortic vascular endothelial injury
and to explore the underlying mechanisms. Peritoneal injection of streptozotocin was used to generate a
diabetic rat model in vivo, and human umbilical vein endothelial cells (HUVECs) treated with PMPs
were used in vitro. PMP levels in the circulation and aorta tissues were time-dependently increased in
streptozotocin-induced diabetic rats at week 4, 8 and 12 (P<0.05). Aspirin significantly inhibited the
PMP levels at each time point (P<0.05). In diabetic rats, the endothelial nitric oxide levels were
decreased significantly combined with increased endothelial permeability. PMPs were internalized by
HUVECs and primarily accumulated around the nuclei. PMPs inhibited endothelial nitric oxide levels to
about 50%, caused approximately twofold increase in reactive oxygen species production. Furthermore,
PMPs significantly decreased the endothelial glycocalyx area and expression levels of glypican-1 and
occludin (P<0.05). Interestingly, the PMPs-induced endothelial injuries were prevented by raptor siRNA
and rapamycin. In conclusion, increased PMPs levels contribute to aortic vascular endothelial injuries in

diabetes through activating the mTORCI1 pathway.

Keywords: platelet microparticles; diabetes; vascular endothelial cells; inflammation; mammalian target

of rapamycin
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Introduction

Diabetes mellitus (DM) has become a global emergency due to its rapidly rising morbidity and chronic
micro- and macrovascular complications[1, 2]. Despite efforts to improve treatment, the risk of
cardiovascular mortality of diabetic patients is approximately threefold higher than the general
population[3]. Atherosclerosis is the prominent pathophysiological disorder of diabetic cardiovascular
disease (CVD). Endothelial injury is the first step and plays a key role in early atherosclerosis[4].
Endothelial cells are the first barrier between blood flow and the vascular wall. Moreover, the
endothelial glycocalyx, which is composed of glycoproteins, proteoglycans, and glycosaminoglycans,
coats the surface of endothelial cells and participates in the maintenance of vascular homeostasis[5].
Accumulating evidence confirms that endothelial dysfunction, including decreased nitric oxide (NO)
levels and increased endothelial permeability, often occurs in the blood vessels of diabetic patients[6, 7].
To date, the pathophysiological mechanism of endothelial injury in DM is not fully elucidated as
previous studies have mainly focused on inflammation, oxidative stress, hyperglycemia, fatty acids, and
insulin resistance[8]. Furthermore, the initiating factor in vascular endothelial injury in DM remains

unclear.

Previous studies have demonstrated that plasma platelet microparticles (PMPs) are significantly
increased in diabetes[9]. PMPs are heterogeneous vesicles (0.1-1 um in diameter) released by activated
or apoptotic platelets via outward membrane budding. As the dominant source of microparticles in the

blood (70%-90%), PMPs exert effects on inflammation, thrombosis, immunoregulation, and biological
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information transmission, primarily due to their RNA and cytoplasmic and membrane protein contents
from platelets[10]. Research has increasingly suggested that PMPs are associated with atherosclerosis.
For example, PMPs can be internalized by endothelial cells[11] and upregulate cytokines and
intercellular adhesive molecular-1 expression, which induces the migration of leukocytes to the vessel
wall[12]. Moreover, PMPs mediate inflammation by reducing NO levels, which depend on nitric oxide
synthase activity[13]. Accordingly, PMP levels are increased in diabetic subjects with macrovascular
complications[14]. However, previous studies have tended to focus specifically on the role of PMPs in
the progressive phase of atherosclerotic plaque formation and in the development of thrombosis. Thus,
there is limited research that has addressed the role of PMPs on endothelial injury during the early stage

of atherosclerosis in diabetes, and the potential mechanism is unclear.

Evidence has highlighted that mammalian target of rapamycin (mTOR) signaling is involved in the
pathogenesis of atherosclerosis[15]. mTOR includes at least two distinct complexes, namely, mTOR
complex 1 (mTORC1) and mTOR complex 2 (mTORC2). Rapamycin, an inhibitor of mTOR,
selectively inhibits mTORCI1 activity. mTORCI1 activation mediates pro-inflammatory effects in
vascular endothelial cells[16]. Moreover, circulating microparticles in the plasma of chronic
lymphocytic leukemia patients can activate the mTORCI1 pathway to modulate the tumor
microenvironment[ 17]. Nevertheless, current studies have not explored the role of PMPs and the

participation of the mTORCI1 signal pathway in endothelial injury in diabetes.
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Therefore, the present study aimed to investigate the role of PMPs in diabetic endothelial injury using
human umbilical vein endothelial cells (HUVECs) and aorta tissues from streptozotocin (STZ)-induced
diabetic rats as well as to explore the potential mechanisms that might be involved in activation of the

mTORCI1 pathway.

Materials and methods

Animal model

All animals received humane care, and the experiment protocols complied with the National Institutes of
Health guidelines and were approved by the Ethics Committee of Southeast University. Male Diabetes
in Sprague-Dawley rats (8 weeks old and 230-240 g body weight) was induced by a single
intraperitoneal injection of STZ (60 mg/kg; Sigma, St. Louis, MO, USA). Animals were purchased from
Sino-British SIPPR/BK Lab Animals (Shanghai, China). Rats were confirmed to have DM if their blood
glucose levels were greater than or equal to 300 mg/dL 72 h after the injection[18]. Diabetic rats were
randomly assigned to the following groups (#=30 in each group): DM, given a daily intragastric infusion
of carboxymethylcellulose sodium; DM+Aspirin, given a daily intragastric infusion of 15 mg/kg aspirin
(Sigma, St. Louis, MO, USA); and DM+Rapa, given a daily intraperitoneal injection of 1 mg/kg
rapamycin (Sinopharm Chemical Reagent, Shanghai, China). Nondiabetic rats (n=30) given a daily

intragastric dose of carboxymethylcellulose sodium were assigned as the control group. Rats from each
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group (n=10) were humanely killed at weeks 4, 8, and 12. Blood samples from the hearts were used for

serum analysis, and the aortas were harvested for histological evaluations.

PMP extraction and flow cytometry analysis

Blood was collected into citrate-containing tubes, and platelets were removed by two subsequent
centrifugations of 2000xg for 10 min at room temperature. Microparticles were obtained by centrifuging
the twofold diluted plasma at 18000%g for 60 min to pellet microparticles[19]. The samples were
incubated with APC-anti-Annexin V and FITC-anti-CD61 (BD Pharmingen, San Jose, CA, USA) for 30
min at 4 °C in the dark. For gating and counting, 0.8 um and 3 um beads were used, respectively. PMPs
were detected as Annexin V'/CD61" particles by a FACSCalibur cytometer (BD Biosciences). Analysis

was performed using FlowJo software (Tree Star Inc, Ashland, OR, USA).

Cell culture

A human umbilical vein endothelial cell (HUVEC) cell line (EA. hy926) was obtained from the
American Type Culture Collection. Cells were cultured in DMEM/Nutrient Mixture F-12 containing
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin at 37 °C in a humidified incubator with
an atmosphere of 5% CO, and 95% O,. HUVECs were subcultured twice a week using 0.25%

trypsin-EDTA.

PMP isolation and acquisition from activated platelets in vitro
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Platelet isolation was conducted as previously described[20]. Platelets were collected from
acid-citrate-dextrose blood from healthy volunteers in our lab. Platelet-rich plasma (PRP) was obtained
after centrifugation at 282xg for 10 min and then again at 400%g for 5 min at room temperature. After
centrifuging PRP at 1600xg for 5 min, the pellet was resuspended in citrate-glucose-saline (pH 6.5)
buffer. After the last centrifugation at 1600xg for 5 min, platelets were adjusted at 1x10%mL in
modified Tyrode's buffer (MTB, pH 7.4). After a high glucose (30 mmol/L) pretreatment for 10 min,
platelets were stimulated with 5 ug/mL collagen (Sigma) for 30 min at 37 °C. PMPs were resuspended
in MTB for flow cytometry analysis or stored at -80 °C. The PMPs collected under these conditions

were used for the in vitro studies.

Detection of PMP internalization

Washed platelets obtained from healthy volunteers were preincubated with 10 pmol/L
3,3'-dioctadecyloxacarbocyanine perchlorate (DiO) (Beyotime Biotechnology, Shanghai, China) for 30
min at 37 °C before stimulation with high glucose plus collagen to acquire DiO-labeled PMPs. The
internalization of PMPs by HUVECs was assessed by confocal microscopy after incubation for 2 h. Cells
were fixed in 4% paraformaldehyde for 15 min and blocked before incubation with mouse anti-CD31
(Santa Cruz Biotechnology, Dallas, TX, USA) at 4 °C overnight. Cells were then incubated with goat
anti-mouse Fluor 594 secondary antibodies (Invitrogen, Carlsbad, CA, USA) at room temperature for 2
h, and nuclei were stained with DAPI. Samples were observed under an Olympus FV1000 confocal

microscope.
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Small interfering RNA (siRNA) transfection

Control siRNA and raptor siRNA (GenePharma, Shanghai, China) were dissolved in Opti-MEM (Gibco
Life Technology, Carlsbad, CA, USA) and gently mixed with Opti-MEM-diluted Lipofectamine 2000
(Life Technology) for 20 min to form the siRNA/lipofectamine compound. HUVECs pretreated with
siRNA (40 nmol/L) or preincubated with rapamycin for 10 min (10 ng/mL) were then treated with PMPs

(5%10%/mL) for 24 h and harvested for subsequent measurements.

Measurements for nitric oxide (NO), superoxide anion (O;’) and endothelial nitric oxide synthase

(eNOS)

NO levels were measured using the nitrate reductase method to determine nitrite production via
colorimetry. The O™ levels in homogenized aorta were detected by an assay kit, and the values are
expressed as an activity unit of O, per protein concentration. The eNOS activity in HUVECs was
measured by catalyzing L-arginine and molecular oxygen to form NO using an assay kit (Jiancheng

Bioengineering Institute, Nanjing, China) according to the manufacturer’s instructions.

Immunofluorescence staining

Frozen sections of rat aorta were permeabilized and blocked before incubation with goat anti-glypican-1,
rabbit anti-occludin (Santa Cruz Biotechnology, Dallas, TX, USA) or rabbit anti-phospho-S6K1
(p-S6K1) (Abcam, Cambridge, UK) at 4 °C overnight. Sections were then incubated with donkey

anti-goat Fluor 488 or donkey anti-rabbit Fluor 555 secondary antibodies (Invitrogen, Carlsbad, CA,

8
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USA) at room temperature for 2 h, and nuclei were stained with DAPI. Samples were observed using an
Olympus FV1000 confocal microscope. For cell immunofluorescence staining, HUVECs cultured in

24-well plates were fixed in 4% paraformaldehyde before permeabilization.

Endothelial glycocalyx staining

The endothelial glycocalyx was stained with wheat germ agglutinin (WGA, Sigma) as previously
described[21]. Frozen sections of aorta were incubated with 5 pg/mL WGA for 2 h and were observed

by laser confocal microscopy.

Permeability of the aortic endothelium

To test the permeability of the aortic endothelium in vivo, harvested rat aorta tissues were rinsed in 1%
lanthanum nitrate with 2% glutaraldehyde in 0.1 mol/L cacodylate buffer (pH 7.4) for 1 h. The tissues
were then washed with 1% glutaraldehyde in 0.1 mol/L cacodylate buffer 3 times and then postfixed in
1% osmium tetroxide in 0.1 mol/L cacodylate buffer for 2 h. The specimens were then dehydrated using
an ethanol gradient and embedded in Araldite. Ultrathin sections were made using an ultramicrotome

(Leica, Solms, Germany) and observed by transmission electron microscopy[22].

Reactive oxygen species (ROS) measurements

DCFH-DA staining (Beyotime Biotechnology) was used to determine cellular ROS levels according to

the manufacturer's instructions. Briefly, confluent HUVECs in 6-well plates were incubated with 10
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umol/L DCFH-DA diluted in serum-free DMEM/F-12 for 30 min at 37 °C in the dark. Flow cytometry
assays were performed at an excitation and emission of 488 nm and 525 nm, respectively, and then

analyzed using FlowJo software.

Transwell assays for endothelial permeability

Endothelial permeability was evaluated by measuring FITC-conjugated dextran (70 kDa) (Sigma) across
the HUVECs monolayer[23]. Briefly, cells were seeded on a transparent transwell (1.12 cm? filter area
and 0.4 um pore diameter), grown to full confluency and then treated as indicated. FITC-dextran (5 puL
of 1 mg/mL) was added to the upper compartment and incubated at 37 °C for 2 h in the dark. Samples
were then harvested from the upper and bottom chambers for fluorescence detection using a
multidetection microplate reader at an excitation of 485 nm and an emission of 525 nm. The results were
calculated using the permeability coefficient of FITC-dextran (P) as follows: P=([U]/¢) x (1/4) x (V/[B]);
where [U] is the upper chamber concentration; ¢ is the time in seconds; 4 is the area of the membrane in

cm?; V is the volume of the bottom chamber; and [B] is the bottom chamber concentration.

RNA preparation and real-time PCR

Total RNA from HUVECs was extracted using TRIzol (TaKaRa, Tokyo, Japan) according to the
manufacturer's instructions. cDNA was obtained using Primescript’™ RT Master Mix (TaKaRa) and then
amplified in a 20 pL reaction volume using an ABI Prism 7300 sequence detection system (Applied

Biosystems, Foster City, CA, USA) and SYBR Premix Ex Taq"" (TaKaRa). Predesigned primers were
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purchased from Invitrogen™ Life Technology (Table 1), and B-actin served as the housekeeping gene.
Data were generated from each reaction and normalized to the control group as calculated by the 2744

method.

Western blotting

Protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then
semiwet transferred onto polyvinylidene fluoride membranes. Membranes were incubated with primary
antibodies overnight at 4 °C. The following primary antibodies were used: anti-glypican-1, anti-occludin
(Santa Cruz Biotechnology), anti-mTOR, anti-p-mTOR, anti-4EBP1, anti-p-4EBP1, anti-S6K1,
anti-p-S6K1 (Abcam), and anti-p-actin (KeyGEN BioTECH, Nanjing, China). Peroxidase-conjugated
secondary antibodies were incubated with the membranes for 1 h. Detection of the bands was performed
using chemiluminescence horseradish peroxidase substrate (Merck Millipore, Whitehouse Station, NJ,

USA) with an ImageQuant LAS 4000 mini acquisition system.

Statistical analysis

Data are shown as the mean values + standard error of the mean (SEM) and were analyzed using SPSS
19.0 and GraphPad Prism 7.0. Data comparisons between two groups with only one treatment were
analyzed using t-tests. Experiments with multiple treatment groups were assessed by one-way ANOVA
followed by Student-Newman-Keuls multiple comparison test. P<0.05 was considered statistically

significant.

11
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Results

Increased PMP levels in the plasma of diabetic rats accelerates endothelial dysfunction in vivo

As shown in Table 2, a DM rat model was successfully generated by peritoneal injections of STZ as
indicated by the presence of hyperglycemia. Aspirin had no effect on blood glucose levels in DM rats.
The number of circulating PMPs was counted by flow cytometry. PMPs were indicated by both CD61-
and Annexin V-positive signals. Plasma levels of PMPs were increased in a time-dependent manner in
diabetic rats at weeks 4, 8 and 12, and these increases were inhibited by aspirin (Fig. 1a). To determine
if PMPs were deposited in rat aortas, CD61, a protein marker of PMPs, was used to detect PMPs in aorta
tissues from DM rats by Western blotting (Fig. 1b). Quantitative analysis demonstrated that there were
significantly higher CD61 expression levels in the DM group than in the control group. Moreover,
aspirin intervention abated the increasing trend of CD61 expression levels. The effect of aspirin on
endothelial function was also assessed. Endothelial NO levels were lower in diabetic rats than that in
nondiabetic rats at all time points (weeks 4, 8, and 12), and aspirin improved endothelial function (Fig.
lc). As an ROS, the aortic levels of O, tended to be opposite to those of NO (Fig. 1d). Therefore, these

findings suggested that higher levels of PMPs in DM accelerate aortic endothelial dysfunction.

PMPs destroy the aortic endothelial glycocalyx and increase endothelial permeability in diabetic

rats

12
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WGA staining showed a reduction in the endothelial glycocalyx area in diabetic aortas. In addition,
immunofluorescence staining demonstrated that the levels of glypican-1, a glycocalyx proteoglycan, and
occludin, an intercellular tight junction protein, were both decreased in diabetic rats, and these decreases
were alleviated in the aspirin group at week 12 (Fig. 2a). Western blot analysis of glypican-1 and
occludin protein levels showed similar results (Fig. 2b) to those of immunofluorescence staining. In the
control group, lanthanum nitrite was concentrated in the aortic lumen, but it was diffusely distributed
across the endothelium to the basal lamina in diabetic rats, which indicated increased endothelial
permeability. Importantly, these effects were inhibited by aspirin, which decreased the plasma PMPs

levels (Fig. 2c). These findings suggested that PMPs contribute to endothelial damage in DM.

PMPs uptake activates the mTORC1 pathway in the endothelium in vivo and in vitro

To identify the role of PMPs in endothelial injury, the uptake of PMPs by endothelial cells was
evaluated in vitro. DiO-labeled PMPs primarily accumulated around the nuclei (Fig. 3a). Microparticles
isolated from diabetic rats reduced the NO concentrations in the supernatants of cultured HUVECs
compared with those of nondiabetic rats (Fig. 3b). In addition, under stimulation of high glucose and
collagen, activated human platelet-released PMPs showed a dose-dependent effect on the NO levels
released by HUVECs in vitro (Fig. 3c). These findings suggested that activated PMPs in DM cause

vascular endothelial injury.

13
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Subsequently, the mTORCI1 pathway was examined to explore the potential mechanisms of
PMP-induced endothelial injury. The phosphorylation levels of the S6K1 effector protein were increased
in endothelial cells both in vivo (Fig. 4a) and in vitro (Fig. 4b), and these effects were inhibited by
rapamycin and raptor siRNA. Western blotting was used to measure the total and phosphorylated protein
levels of mTOR, 4EBP1, and S6K1 (Fig. 4c and 4d). The Western blotting results were in accordance
with the immunofluorescence staining results. These findings indicated that the mTORCI1 pathway

participates in mediating the effects of PMPs on the vascular endothelium in DM.

PMP-activated mTORC1 pathway mediates endothelial injury

Inflammatory cytokines, such as monocyte chemotactic protein-1 (MCP-1), tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6) and interleukin-1p (IL-1pB), were measured by real-time PCR. All of these
inflammatory cytokines were higher in the PMP group, and these levels were blocked by rapamycin and
raptor siRNA (Fig. 5a). ROS production was significantly increased in PMP-stimulated HUVECs, but it
was attenuated by raptor siRNA or rapamycin (Fig. 5b). Furthermore, the decreased NO levels induced
by PMPs were partly blocked by pretreating with raptor siRNA or rapamycin, and these changes were
consistent with eNOS activity (Fig. 5c and 5d). To investigate the role of the mTORCI1 pathway in
PMP-induced endothelial damage, transwell assays were used to determine the permeability coefficient
of FITC-dextran. As shown in Fig. 5e, PMPs significantly increased endothelial permeability compared
to the control group, whereas both raptor siRNA and rapamycin suppressed the PMP-induced HUVECs
permeability. Immunofluorescence staining demonstrated that PMPs decreased the endothelial

14
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glycocalyx area and the expression of glypican-1 and occludin. However, these changes were blunted by
raptor siRNA and rapamycin (Fig. 5f). Protein levels of glypican-1 and occludin were also decreased in
PMP-treated cells, and these effects were blocked by raptor siRNA and rapamycin (Fig. 5g). Overall,
these results indicated that activation of the mTORCI1 pathway contributes to the endothelial injury

induced by PMPs.

Discussion

The present study indicated that PMPs are significantly elevated in DM rats but reduced after antiplatelet
therapy with aspirin. For the first time, the present study provided evidence that increased PMPs in

diabetes mediates early vascular endothelial injury via activating the mTORCI1 pathway.

Increasing attention has been focused on diabetes-associated endothelial dysfunction due to its
importance in early atherosclerosis. Endothelial dysfunction is characterized by failure of the vasoactive,
anti-inflammatory, and anti-coagulant properties of the endothelium[28]. Inflammation[24], oxidative
stress, and dyslipidemia are the main contributors of endothelial dysfunction. However, few studies have
evaluated the impact of PMPs on atherosclerosis [25, 26]. The in vivo study showed that circulating
PMPs were increased in diabetic rats and that aspirin, an anti-platelet agent, inhibited the increased PMP
levels. Increased PMP levels in diabetes correlated to aortic endothelial injury, which was characterized
by decreased NO levels, increased O, production, decreased expression of endothelial glycocalyx,

decreased expression of intercellular tight junction proteins, and increased endothelial permeability. In
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agreement with the present study, Alice et al. reported that antiplatelet agents inhibit the generation of
PMPs in vivo[27]. One of the main manifestations in endothelial dysfunction is the decrease in
endothelial NO production, and the process of NO production is dependent upon eNOS activity.
Endothelial cells treated with microparticles from patients with metabolic syndrome have reduced
production of NO, which is associated with the inhibition of eNOS phosphorylation[29]. Based on the
above results, PMPs should be considered as a new target for early intervention in diabetic
atherosclerosis. Of note, in cell culture experiments, PMPs decreased endothelial NO levels via
inhibiting eNOS activity. NO bioavailability depends on not only its generation but also ROS production.
Elevated ROS levels are linked to diabetes and atherosclerosis. Furthermore, activated PMPs stimulate
neutrophils to produce ROS[30]. The present results showed that the ROS levels in HUVECs treated
with PMPs were significantly increased. In addition to impairing endothelial function, PMPs also
increased endothelial permeability, which primarily depended on the degree of structural injury. The
endothelial glycocalyx has been considered to be a potential determinant of vascular permeability[31].
After treatment of HUVECs with PMPs, the endothelial glycocalyx was disrupted, and syndecan-1 (a
core protein) expression levels were decreased. Similar changes were found in diabetic rats, but these
changes were prevented when PMPs were inhibited. All these findings suggested that increased PMP

levels in diabetes contribute to vascular endothelial injury.

The potential contribution of mMTORC1 pathway activation was explored in PMP-mediated endothelial

injury in diabetes. Previous studies have suggested that abnormal activation of the mTORCI1 pathway

16
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alleviates atherosclerosis[32]. Asish ef al. proved that circulating microparticles from chronic
lymphocytic leukemia influence the tumor microenvironment via activating the mTORC1 pathway[17].
In the present study, the mTORC]1 pathway was upregulated in the aortic endothelium of diabetic rats as
indicated by increased phosphorylation of mTOR and its downstream targets, 4EBP1 and S6KI,
confirming that excessive activation of the mTORC1 pathway contributes to endothelial injury.
Furthermore, accumulating evidence has indicated that mTORC1 mediates inflammation and oxidative
stress, which are involved in the pathogenesis of atherosclerosis[33]. Inhibition of mMTORCI1 decreases
atherosclerosis mediated by anti-inflammatory responses[34]. Activation of mTORCI increases ROS
formation in arterial injury and endothelial dysfunction[35]. In the present study, increased ROS levels
and upregulated expression of inflammatory cytokines were observed in endothelial cells treated with
PMPs. Thus, the hypothesis that mTORC1 may be involved in PMP-induced endothelial injury in
diabetes was next investigated. Inhibition of the mTORCI1 pathway using raptor siRNA or rapamycin
prevented PMP-induced endothelial inflammation, elevated ROS levels, reduced NO levels and
increased endothelial permeability. Therefore, the present study demonstrated for the first time that
activated PMPs in diabetes contribute to early endothelial injury primarily due to the activation of the

mTORCI1 pathway.

In conclusion, increased PMPs in diabetes contribute to early vascular endothelial injury, which is

mediated by activation of the mTORCI1 pathway. These findings suggested that inhibiting circulating

17
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PMP levels by aspirin and targeting the mTORC1 pathway may be beneficial for alleviating endothelial

injury and preventing the progression of early atherosclerosis in diabetes.
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Figure Legends

Fig 1. Increased PMP levels in the plasma of diabetic rats accelerate endothelial dysfunction in
vivo. Normal SD rats were given a daily intragastric infusion of carboxymethylcellulose sodium
(Control). Diabetic rats were given a daily intragastric infusion of carboxymethylcellulose sodium (DM)
or 15 mg/kg aspirin (DM+Aspirin). (a) Plasma PMP levels were measured by flow cytometry as
CD61 " AnnexinV " particles <l pm in diameter. The plasma PMP levels at week 4 (4W), week 8 (8W),
and week 12 (12W) for each group are represented as the mean values = SEM (n=8). (b) PMP levels in
aortas were confirmed by measuring CD61 protein expression by Western blotting. The right histograms

were normalized as the fold change compared to B-actin and are shown as the mean values + SEM (n=8).
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(c) Endothelial function was evaluated by measuring total aortic NO levels. The results represent the
mean values = SEM (n=8). (d) O, levels in the aorta were measured at three time points (week 4, week
8 and week 12) using colorimetry. The results represent the mean values = SEM (n=8). 4W, week 4; 8W,

week 8; 12W, week 12. *P<0.05 compared with the control group, and “P<0.05 compared with the DM

group.

Fig 2. PMPs destroy the aortic endothelial glycocalyx and increase endothelial permeability in
diabetic rats. (a) Inmunofluorescence staining of the glycocalyx (red), glypican-1 (green), and occludin
(red) in each group at week 12 as assessed by confocal microscopy. Scale bar=20 pum (scale bar in the
top frame for the glycocalyx is 5 um). (b) Protein levels of glypican-1 and occludin were measured by
Western blotting. Quantification of glypican-1 and occludin are normalized as the fold change compared
to B-actin and represent the mean values = SEM at the bottom (n=8). *P<0.05 compared with the control
group, and “P<0.05 compared with the DM group. (c) Aortic endothelial permeability was determined
by assessing the location of lanthanum nitrite using transmission electron microscopy (scale bar = 0.5

um; red arrows indicate lanthanum nitrate). 4W, week 4; 8W, week 8; 12W, week 12.

Fig 3. PMPs uptake reduces the release of NO from endothelial cells. (a) Uptake of DiO-labeled
PMPs (green) by HUVECs is shown using immunofluorescence. HUVECs were stained with CD31
(red), and the nuclei were labeled with DAPI (blue, scale bar=50 um). (b) Effects of isolated plasma
microparticles from diabetic rats on the production of endothelial NO. Ctrl-PMPs, plasma PMPs isolated
from the Control group; DM-PMPs, plasma PMPs isolated from the DM group; Aspirin-PMPs, plasma
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PMPs isolated from the DM+Aspirin group. The results represent the mean values = SEM (n=8).
*P<(.05 versus Ctrl-PMPs, and “P<0.05 versus DM-PMPs. (c) Effects of PMPs (10*/mL to 107/mL)
obtained from activated platelets on the production of endothelial NO. The results represent the mean

values + SEM (n=8). **P<0.01 versus Control, ***P<(0.001 versus Control.

Fig 4. PMPs activate the mTORC1 pathway in the endothelium in vive and in vitro. (a and c)
Activation of the mTORC]1 pathway in aortas of diabetic rats in vivo. Normal SD rats were given a daily
intragastric infusion of carboxymethylcellulose sodium (Control). Diabetic rats were given a daily
intragastric infusion of carboxymethylcellulose sodium (DM) or an intraperitoneal injection of 1 mg/kg
rapamycin (DM+Rapa). (a) Representative pictures of immunofluorescence staining of p-S6K1 (green)
in the rat aortic endothelium (scale bar = 50 um). (c) Protein expression levels of p-mTOR, mTOR,
p-4EBP1, 4EBPI1, S6K1, and p-S6K1 in the aortas were measured by Western blotting. Quantification
of the ratio of p-mTOR/mTOR, p-4EBP1/4EBP1 and p-S6K1/S6K1 in each group, and the results
represent the mean values + SEM (n=5). *P<0.05 compared with the control group, and *P<0.05
compared with the DM group. (b and d) HUVECs were cultured for 24 h in serum-free medium
(Control), in serum-free medium containing 5%10%/mL PMPs (PMPs) or 5x10%/mL PMPs plus 10 ng/mL
rapamycin (PMPs+Rapa), or in serum-free medium containing 5x10%mL PMPs plus 40 nmol/L
raptor-siRNA (PMPs+siRaptor) or control-siRNA (PMPs+siControl). (b) Immunofluorescence staining
of p-S6K1 (green) and nuclei (blue) in HUVECs was assessed by confocal microscopy (scale bar = 20

um). (d) Protein expression levels of p-mTOR, mTOR, p-4EBP1, 4EBP1, S6K1, and p-S6KI1 in
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HUVECs were measured by Western blotting. Quantification of the p-mTOR/mTOR, p-4EBP1/4EBP1
and p-S6K1/S6K1 ratios. The results represent the mean values £ SEM (n=5). *P<0.05 compared with

the control group, and *P<0.05 compared with the PMP group.

Fig 5. PMPs-mediated endothelial injury activates the mTORC1 pathway. (a) The mRNA
expression levels of MCP-1, TNF-q, IL-6, and IL-1B in HUVECs were measured by real-time PCR.
B-Actin served as an internal control gene. Data are shown as the fold of the control by calculating the
224 (b) Flow cytometric analysis of ROS levels in HUVECs. The results represent the DCF
fluorescence intensity. Quantification of data is shown in the right histograms. (¢) The NO
concentrations in the supernatants of HUVECs were examined in each group after PMP treatment. (d)
eNOS activity levels in HUVECs were determined by chemiluminescence. (¢) HUVECs were grown on
transwell filters in a confluent monolayer. After treatment, FITC-dextran (70 kDa) was applied to the
upper wells for the intercellular permeability assay. The results are shown as the relative permeability
coefficient (fold of the control). (a-e) Results represent the mean values = SEM (n=5). *P<0.05
compared with the control group, and "P<0.05 compared with the PMP group. (f) Inmunofluorescence
staining of the glycocalyx (red), glypican-1 (green) and occludin (red). Nuclei are labeled with DAPI
(blue). Images were captured using a confocal microscope (scale bar = 20 pum). (g) The protein
expression levels of endothelial glypican-1 and occludin were measured by Western blotting. The
histograms show the mean values = SEM of the proteins normalized to B-Actin (n=5). *P<0.05
compared with the control group, and *P<0.05 compared with the PMP group.
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Table 1. Tagman primers for real-time PCR

Origins

Genes Tagman primers

Human

Human

Human

Human

Human

MCP-1 Sense 5'-TCATAGCAGCCACCTTCATTC-3'

Antisense 5'-CTCTGCACTGAGATCTTCCTATTG-3'

TNF-a Sense 5'-CCAGGGACCTCTCTCTAATCA-3'

Antisense 5'-TCAGCTTGAGGGTTTGCTAC-3'

IL-6 Sense 5'-GGAGACTTGCCTGGTGAAA-3'
Antisense 5-CTGGCTTGTTCCTCACTACTC-3'

IL-1B Sense 5'-ATGGACAAGCTGAGGAAGATG-3'
Antisense 5'-CCCATGTGTCGAAGAAGATAGG-3'

B-Actin Sense 5'-GGACCTGACTGACTACCTCAT-3'

Antisense 5'-CGTAGCACAGCTTCTCCTTAAT-3'
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Table 2. The basic biochemical data in rats.

BUN Creatinine
Time point  Group BG (mmol/L)
(mmol/L) (umol/L)
4W Control 6.7+0.80 5.7+0.4 61.1£5.2
DM 22.90+3.41%* 9.5+2.7 54.2+12.1
DM+Aspirin ~ 25.23+£3.12%* 8.2+1.6 52+45.20
8W Control 6.0+£0.56 6.6+0.7 68.249.0
DM 33.87£7.18%* 17.5+6.1%* 63+11.6
DM+Aspirin ~ 26.29+£5.60* 9.6+1.8 59.9+11.7
12W Control 6.2+1.06 6.0+0.6 59.5+10.7
DM 31.47+6.13* 12.7+£3.4* 61.6x£14.0
DM+Aspirin ~ 26.22+2.81* 11.5+£7.5% 54.9+9.4

DM, diabetes mellitus; BG, blood glucose. *P<0.05 versus Control group.
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