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Abstract
Background: Obstructive sleep apnea (OSA) is a highly popular disease. Intermittent hypoxia (IH), as the
main disease physiological characteristic of OSA, is closely related to the cognitive impairment.
Microvesicles (MVs), as intercellular information transfer substances, are closely related to multiple
pathological and physiological activities. Endothelial microvesicles (EMVs), as one of the most widely
studied microvesicles, has been shown to be associated with the severity of cognitive impairment.
However, the effect of IH-induced EMVs on neurocytes is not clear. In our study, we established an IH
model in vivo and in vitro to induce EMVs release and to observe its effect on neurocytes function.

Methods: we established animal and cell models of IH, and detected the size and number of EMVs by
�ow cytometry and nanoparticle tracking analysis. Apoptosis and tight junction proteins were detected by
immunoblotting and immuno�uorescence. The level of miR126 was detected by PCR.

Results: IH injury model was established to induce B3 to release IH-EMVs. The IH-EMVs from B3 were
isolated from the conditioned culture medium and characterized. IH is a potent stimulus for EMV
formation and that EMV formed under intermitent hypoxia are compositionally and functionally distinct
from those formed under normoxia conditions. Then brain microvascular endothelial cells and
neurocytes were then incubated with N-EMVs and IH-EMVs respectively for 8h. We found that B3 cells
treated by IH-EMVs exhibited reduced tight junction proteins and increased cell apoptosis. In addition, IH-
EMVs contained signi�cantly higher level of ROS than EMVs generated from untreated B3, which might
be a direct source to trigger a cascade of which might be a direct source to trigger a cascade of
myocardial damage.

Conclusion: We showed that EMVs released during IH injury are pro-apoptotic, pro-oxidative and directly
pathogenic to endothelial cells in vitro. EMVs carry ROS and they may impair endotheliocytes by
promoting apoptosis and oxidative stress. These �ndings provide new insights into the pathogenesis of
IH.

Background
OSA, a very common sleep and breathing disorder, is the repetitive collapse of the upper airway during
sleep.Intermittent hypoxia (IH) is characterized by repeated hypoxia and reoxygenation, and is considered
as the characteristic and the most important pathological and physiological pathways of OSA. Multiple
epidemiological studies have already shown an association between obstructive sleep apnea (OSA) and
cognitive dysfunction. Compared with those without OSA, patients with OSA had a higher rate of mild
cognitive impairment or dementia. Although, OSA has an close relationship with cognitive dysfunction,
the underlying pathogenesis of cognitive dysfunction in OSA patients remain less well understood.
Upregulation of oxidative stress in OSA plays an important pathogenic role in the milieu of hypoxia-
induced cerebral and cardiovascular dysfunctions. Strong evidence underscores that cerebral
amyloidogenesis and tau phosphorylation—two cardinal features of Alzheimer’s disease (AD), are
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triggered by hypoxia. Mice subjected to hypoxic conditions unambiguously demonstrated upregulation in
cerebral amyloid plaque formation and tau phosphorylation, as well as memory de�cit. Hypoxia triggers
neuronal degeneration and axonal dysfunction in both cortex and brainstem. Consequently,
neurocognitive impairment in apneic/hypoxic patients is attributable to a complex interplay between CIH
and stimulation of several pathological trajectories. 

Microvesicles (MVs) are small membranous vesicles shed from the plasma membrane directly by
budding, size in range from 0.1 to 1 μm in diameter. Normal cells can release a small amount of MVs, but
MVs are mainly derived from activated or apoptotic cells. Studies have shown that circulating MVs are
actively involved in the pathogenesis of AD and cerebrovascular diseases, which share common vascular
risk factors. Platelet derived microvesicles are closely related to vascular dementia because of their
thrombotic effects, while ha can participate in the transport of Aβ proteins, thus affecting the occurrence
of AD. Other studies have shown that microvesicles produced by microglia can participate in the transport
of Aβ proteins and participate in nerve cell injury, which is closely related to cognitive impairment. 

It is reported that endothelial microvesicles are also closely related to cognitive impairment. Endothelial
microvesicles (EMVs) increases in cerebrospinal �uid and plasma of AD patients, and can lead to blood-
brain barrier injury, which is closely related to the severity of cognitive impairment. There are also reports
that EMV can damage the blood-brain barrier, thereby affecting cognitive function. Studies have shown
that endothelial microvesicles are signi�cantly increased in the blood of OSA patients and are closely
related to many pathophysiological processes in OSA patients. However, the role of endothelial
microvesicles in OSA cognitive impairment has not been reported in detail. In this study, we discussed the
effects and mechanisms of endothelial microvesicles on blood-brain barrier and nerve cells under
intermittent hypoxia.

Methods

Culture of endothelial cells and IH exposure 
Brain microvascular endothelial cells (Bend 3, B3) were purchased from the China Infrastructure of Cell
Line Resource (Beijing, China), and cultured in DMEM high glucose supplemented with 10% fetal bovine
serum, 1% penicillin/streptomycin. Cells were maintained at 37°C in a humidi�ed incubator with 5% CO2. 

B3 cells were exposed to IH until they reached approximately 80% con�uence. The IH cell model was
established according to our previously described protocol. Brie�y, the culture medium was changed to
fresh serum-free medium before the cells were exposed to IH. B3 cells grown in culture plates were placed
in a Plexiglas exposure chamber, which was alternately �ushed with a hypoxia gas mixture (1.5% O2, 5%
CO2, and balanced N2, hypoxia phase, 600 s) or normoxia gas mixture (21% O2, 5% CO2, and balanced N2,
reoxygenation phase, 300 s). The chamber was equipped with a humidi�er, thermostat, and molecular
sieve to maintain an inner temperature of 37℃, humidity of 45%, and relatively germ-free conditions..
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EMV generation and isolation 
EMV were isolated from the medium of cultured B3 treated with normoxia, intermitent hypoxia (21% O2,
1.5% O2).Samples were centrifuged at 120 g for 20 minutes at 20℃ to obtain cell-free media. MPs were
then pelleted from cell-free media by centrifugation at 1500 ×g for 20 minutes at 20℃. Then samples
were centrifuged at 13000 g for 3 minutes at 20℃ to obtain endothelial MVs. EMVs were con�rmed and
quanti�ed by �ow cytometry.

Detection of microvesicles by �ow cytometry 
To label EMV, resuspension solution containing MVs was incubated with PE-Annexin V (BD Biosciences,
USA) for 30 minutes. As a negative control, a subpopulation of MVs was resuspended in Annexin V
binding buffer lacking calcium. MVs were centrifuged and resuspended in PBS for cell treatment studies. 

Treatment of PC12 cells With Endothelial Microvesicles 
Microvesicles were isolated from cultured B3 in basal conditions or intermitent hypoxia conditions as
described above and quanti�ed by �ow cytometry (annexin V positivity). PC12 were treated with
microparticles (105 microvesicles/mL).

Western blot analysis 
  PC12 were harvested after co-cultured with N-EMVs or IH-EMVs, B3 were harvested for tight junction
protein expression detection. Proteins were extracted from B3 cells using a protein extraction kit
(Promega, Madison, WI) in accordance with the manufacturer’s instructions. Protein concentrations were
measured using a bicinchoninic acid assay kit (Thermo Fisher Scienti�c, Waltham, MA). Protein sample
and prestained molecular weight markers (Thermo Fisher Scienti�c) were applied to 10% or 12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto polyvinylidene di�uoride
membranes (Merck Millipore, Burlington, MA). The membranes were blocked by 5% non-fat dry milk in
Tris-buffered saline and Tween 20 for 2 h at room temperature, and then incubated with primary
antibodies at 4℃ overnight. The appropriate horseradish peroxidase-conjugated secondary IgG was
incubated with the membranes for 1 h at room temperature. Chemiluminescence was imaged in a Chemi
Doc XRS+ WB molecular imager using Image Lab software (Bio-Rad Laboratories, Herculaes, CA), and
band intensity was measured by ImageJ software. GAPDH (1:1000, CST, USA ) was used to normalize
protein loading. The following primary antibodies were used: Fas (1:1000, Abcam, USA), FasL (1:1000,
Abcam, USA) and Caspase-8 (1:1000, Abcam, USA), Bax (1:200, Santa, USA) and Bcl-2(1:200, Santa,
USA).
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Immuno�uorescence assay for tight junction proteins
After the experimental conditions were established, the B3 cells were cultured on coverslips, and then
cultured with N-EMVs and IH-EMVs for 8h. B3 cells were washed with phosphate-buffered saline and
�xed with 4% paraformaldehyde for 15 min. Then, cells were permeabilized with 0.1% Triton X-100 for 10
min and blocked with 3% bovine serum albumin in buffer for 30 min at room temperature. Subsequently,
cells were incubated with primary antibodies(Claudin-5, 1:50;occludin-1, 1:50) over night at 4 °C. The
appropriate FITC-labeled secondary antibody was incubated with the slides for 1 h at room temperature.
Apoptosis was assessed with a TdTdUTP nick-end labeling (TUNEL) apoptosis assay kit (Roche,
Indianapolis, IN). The slides were incubated with TUNEL reaction mixture for 1 h at 37°C. Finally, slides
were washed and nuclei were stained with DAPI. Images were obtained using a Fluorescence microscope
and Zen software.

Overexpression of miR-126 in B3 cells
The lentivirus containing murine miR-126 (Lenti-miR126) and lentivirus containing green �uorescence
protein (Lenti-GFP) were obtained from GenePharma (GenePharma Co, Ltd, Shanghai, China). B3 cells
were seeded in 6-well plates (1 × 105/well) for a con�uence of 70%; then, lentivirus was added (at 5 × 106

infectionforming units) for 6 h, after which the serum-free medium was changed by 10% (v/v) FBS
medium for 72 h. The level of miR-126 in B3 cells and EMVs were analysed by real-time PCR (RT-PCR). 

Gene expression analysis
The levels of miR-126 in EPCs and EPC-MVs were analysed. Brie�y, total RNA was extracted by using
miRcute miRNA isolation kit according to the manufacturer’s instructions. cDNA was synthesized using
miRcute miRNA First-Strand cDNA Synthesis kit. RT-PCR was conducted with miR-126 speci�c primers
and miRcute miRNA qPCR Detection Kit (SYBR Green) (Tiangen, Beijing, China). Small nuclear RNA U6
was used as an internal control. Real-time PCR was performed with a LightCycler® 480 Real-Time
thermal cycler (Roche, Basel, Swiss). The cycling condition was carried out as follows: 95°C for 30 s,
followed by 40 cycles of 95°C for 5s and 60°C for 20 s. The relative quanti�cation of gene expression
was presented with the values of 2–ΔΔCT method.

Statistical analysis
All statistical tests were performed with SPSS 16.0 (SPSS Inc., Chicago, IL). All data are based on at least
three independent experiments and are expressed as the mean ± standard error of the mean (SEM).
Results between groups were compared by Student’s t test or one-way analysis of variance. A p-value less
than 0.05 was considered signi�cant.
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Results

1. The characters of EMVs
We examined EMVs released from IH group using �ow cytometry and NTA. As shown in Fig. 1, We
examined the effect of intermitent hypoxia on EMV release from cultured B3 using �ow cytometry and
NTA. The vesicless in the size of 0.1-1μm were screened by �ow cytometry (Fig. 1a) .The �nal
concentration of MVs is calculated by the number of counting beads(Fig. 1b) . NTA analysis showed that
EMVs were in size of 100 nm to 400 nm (Fig. 1c-d).

2. IH-EMV reduced the permeability of BBB
To determine the effect of IH-EMVs might be responsible for B3 cells injury, we treated B3 with N-EMV and
IH-EMV, using Western blot analysis to detect the expression of occuludin and claudin5 in B3 cells of
every group, it was observed that occuludin and claudin5 gradually decreased in B3 cells of IH-EMV group
(vs. NC; p <0.01; Fig. 2a). We also tested the expression of occuludin and claudin5 production in B3 cells
treated with EMVs, and the results were consistent with those of Immuno�uorescence assay. Similiarly,
immuno�uorescence assay showed that IH-EMV could reduced the expression of occuludin and claudin5
in B3 cells (Fig. 2b-c).

3. IH-EMVs increased the apoptosis of neurocytes via
modulating the expression of Fas/FasL-Caspase 8
we monitored the cleaved Caspase-8 and Fas/FasL levels, which are associated with induction of
apoptosis, by western blot. Results showed that cleaved Caspase-8 protein expression was signi�cantly
increased and Fas and FasL protein expression obviously increased by IH-EMVs treatment(vs. NC; p
<0.01; Fig. 3a).In addition, we monitored the Bcl-2 and Bax levels, which are associated with induction of
apoptosis, by western blot. Results showed that Bcl-2 protein expression was signi�cantly decreased
whereas Bax protein expression was signi�cantly increased by IH-EMVs treatment (vs. NC; p <0.01; Fig.
3b).Then, we used the TUNEL to test cell apoptosis, result showed that the IH-EMVs signi�cantly
increased the apoptosis of PC12 cells while N-EMVs did not have such effect (vs. NC; p <0.01; Fig. 3c).

To further examine the role of Fas/FasL pathway, we added antagonist KP7-6 to the cell culture medium
of IH group. Western blot showed that cleaved Caspase-8 protein expression was signi�cantly increased
and Fas and FasL protein expression obviously increased by KP7-6 treatment(vs. NC; p <0.01; Fig. 4a).

In addition, we monitored the Bcl-2 and Bax levels, which are associated with induction of apoptosis, by
western blot. Results showed that Bcl-2 protein expression was signi�cantly decreased whereas Bax
protein expression was signi�cantly increased by KP7-6 treatment (vs. NC; p <0.01; Fig. 4b).Then, we used
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the TUNEL to test cell apoptosis, result showed that the KP7-6 signi�cantly increased the apoptosis of
PC12 cells while N-EMVs did not have such effect (vs. NC; p <0.01; Fig. 4c).

4. The up-regulation of Fas / FasL expression in neurocytes
was related to the ROS IH-EMV carried
 To determine which factor in EMV might be responsible for oxidative stress, we added antioxidants NAC
to the cell culture medium of IH group. We assessed Fas and FasL of all groups. As shown in Fig 5,
Western blot showed that Fas and FasL protein expression obviously decreased by NAC treatment. (vs.
IH-EMV; p <0.05; Fig. 5a-b). 

5. IH-EMV regulated the ROS-Fas/FasL-Caspase8 pathway
through miR126
RT-PCR showed that IH reduced miR126 level in IH group and lenti-miR126 transfection increased the
miR126 level in IH+miR126 group (vs. NC; p <0.01; Fig. 6a-c). And the RT-PCR results showed that miR126
in EMVs derived from lenti-miR126 transfection PC12 cells, were increased whereas miR126 in IH-EMVs
were decreased (vs. IH-EMV; p <0.01; Fig. 6d).

Conclusion
There are three major �ndings in this study. Firstly, we demonstrated that N-EMVs released from normal
conditions increased cell proliferation, and decreased cell apoptosis, while IH-EMVs obtained from IH
condition had opposite effects. Moreover, we revealed that the effects of EMVs were linked with
Fas/FasL, Bcl-2 and Caspase-8 signaling pathways. Secondly, N-EMVs and IH-EMVs played different
roles in regulating BBB function via modulating the expression of Claudin-5 and Oclludin in ECs. Finally,
we demonstrated that IH-EMVs effect the ROS-Fas/FasL-Caspase8 pathway by miR126 (Fig. 7).

MVs are submicron membrane fragments released from virtually all cell types upon activation, apoptosis
and stress, which have been documented as potential biomarkers and indicators for diseases. Of note,
several studies have demonstrated that MVs released from different stimuli exert different functions to
recipient cells. Herein, Pan veri�ed that EMVs fused with astrocytes and regulated the proliferation,
apoptosis and GFAP expression of astrocytes. Moreover, Pan found that the IH- EMVs inhibited the
proliferation and the GFAP expression of astrocytes. GFAP has been considered as a speci�c marker of
astrocyte activation. These indicated that N-EMVs may help maintaining astrocyte function and internal
environment homeostasis of the brain, while IH-EMVs showed opposite effects on astroctyes, which may
participate in the pathological processes of ischemic damage. In fact, activation of astrocytes may play
controversial function roles in cerebral damage. For example, astrocyte over-activation might inhibit
axonal regeneration by elevating various inhibitory molecules, such as chondroitin sulface proteoglycans.
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Apoptosis can be induced by an extrinsic death receptor pathway or an intrinsic mitochondrial pathway,
which causes organ failure in response to various harmful stimuli. Fas is a classical death receptor that
belongs to the tumor necrosis factor (TNF) family, whereas Fas ligand (FasL) is a type II membrane
protein that binds Fas.The interaction between Fas and FasL can occur on many cell types and triggers
apoptosis. Speci�cally, the interaction between Fas and FasL leads to caspase-8 cleavage activation
from procaspase-8, which in turn activates caspase-3. FasL-mediated apoptosis is closely connected to
various pathophysiological conditions, such as I/R injury and congestive heart failure.

Hypoxia induces apoptosis by increasing Fas expression in various cell types. In addition, hypoxia
induces ROS generation, which stimulates the Fas-mediated apoptotic signaling pathway. During
oxidative stress, apoptosis is induced by Fas, and caspase subtypes are activated by proteolytical
cleavage of critical cellular.proteins, ultimately leading to cell death (26,36). The present study
demonstrates that the inhibition of Fas in stem cells signi�cantly downregulates expression of caspases
and apoptosis-related proteins (Bax, cytochrome-c) relative to nontreatment.The Fas/FasL complex was
found also to be a critical mediator in myocardial injury. Fas-mediated apoptosis is sparked by FasL
binding, which initiates the caspase cascade. 

Furthermore, oxidative stress might play a role in releasing circulating miR-126-3p as oral treatment with
the antioxidant N-acetylcysteine (NAC) was found to prevent the maximal exercise-induced increase of
circulating miR-126-3p in patients with intermittent claudication. Wang et al. reported that miR-126-3p
contained in endothelial progenitor cell-derived microvesicles (EPC-MVs) can suppress oxidative stress
and promote angiogenesis of endothelial cells via the PI3K/eNOS/NO pathway. They also showed that
miR-126-3p was increased in MVs released from EPCs cultured in a serum deprived medium (starvation
stress), whereas it was decreased in MVs released from EPCs cultured in a serum-deprived medium
containing tumor necrosis factor-α (TNFα) (apoptotic stress). This example clearly showed that oxidative
stress can be a regulator of extracellular miRNAs, and can be regulated by extracellular miRNAs.

In conclusion, the present study demonstrates that IH-EMVs havs effects on regulating BBB integrity and
neurocytes apoptosis via regulating the ROS-Fas/FasL-caspase-8 signal pathways. These data suggest
that EMVs may actively promote the progression of cognitive impairment, and that this process may be
accelerated in diseases characterized by hypoxic disease.Thus, inhibiting of EMV-based signaling may be
a new approach to the treatment of cognitive impairment associated with intermittent hypoxia.

Abbreviations
OSA:Obstructive sleep apnea; IH:Intermittent hypoxia; MVs: Microvesicles; EMVs:Endothelial
microvesicles; AD: Alzheimer’s disease
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Figure 1

The characters of EMVs. (a) The vesicles in the size of 0.1-1μm were screened by �ow cytometry. (b) The
�nal concentration of EMVs is calculated by the number of counting beads. EMV levels in cultured B3
cells were assessed by (c) annexin V labelling and �ow cytometry or (d) NTA.
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Figure 2

IH-EMV reduced the permeability of BBB. (a) The expression of occuludin and claudin5 in B3 cells was
 assessed by Western blot in NC, N-EMV and IH-EMV group. (b-c)The expression of occuludin and
claudin5 in B3 cells was assessed by Immuno�uorescence in NC, N-EMV and IH-EMV group. ##p < 0.01 vs
NC, **p < 0.01 vs N-EMVs.
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Figure 3

IH-EMVs increased the apoptosis of neurocytes via modulating the expression of Fas/FasL-Caspase 8.
(a) The expression of Fas, FasL and Caspase 8 in PC12 cells was assessed by Western blot in NC, N-EMV
and IH-EMV group. (b) The expression of bax and bcl 2 in PC12 cells was assessed by Western blot in NC,
N-EMV and IH-EMV group. (c) The apoptosis of PC12 cells was assessed by TUNEL . #p < 0.05 vs NC, ##p
< 0.01 vs NC, *p < 0.05 vs N-EMVs, **p < 0.01 vs N-EMVs.
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Figure 4

To further examine the role of Fas/FasL pathway, we added antagonist KP7-6 to the cell culture medium
of IH group. (a) The expression of Fas, FasL and Caspase 8 in PC12 cells was assessed by Western blot
in NC, IH-EMV and KP7-6 group.(b) The expression of bax and bcl 2 in PC12 cells was assessed by
Western blot in NC, IH-EMV and KP7-6. (c) The apoptosis of PC12 cells was assessed by TUNEL in NC, IH-
EMV and KP7-6 group. #p < 0.05 vs NC, ##p < 0.01 vs NC, *p < 0.05 vs N-EMVs, **p < 0.01 vs N-EMVs.
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Figure 5

The up-regulation of Fas / FasL expression in neurocytes was related to the ROS IH-EMV carried. we
added antioxidants NAC to the cell culture medium of IH group. (a) The expression of Fas in PC12 cells
was assessed by Western blot in NC, IH-EMV and NAC group. (b) The expression of FasL in PC12 cells
was assessed by Western blot in NC, IH-EMV and NAC group. #p < 0.05 vs NC, ##p < 0.01 vs NC, *p < 0.05
vs N-EMVs, **p < 0.01 vs N-EMVs.
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Figure 6

IH-EMV regulated the ROS-Fas/FasL-Caspase8 pathway through miR126. (a) The level of miR126 in N-
EMV and IH-EMV was assessed by RT-PCR. (b) The level of miR126 of B3 cells in NC, IH-EMV and
IH+miR126 group. (c) The level of miR126 in N-EMV, IH-EMV and IH+miR126 group. (d) The level of ROS
was assessed by Flow Cytometry in N-EMV, IH-EMV and IH+miR126 group. (d) The expression of Fas,
FasL and caspase 8 in PC12 cells was assessed by Western blot in NC, N-EMV,  IH-EMV and miR126
group. *p < 0.05 vs NC, **p < 0.01 vs NC, #p < 0.05 vs IH-EMV, ##p < 0.01 vs IH-EMV.



Page 19/19

Figure 7

The cellular pathway


