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Introduction

Ischemic stroke is regarded as a complicated disease comprising of a group of
heterogeneous disorders that result from various genetic and environmental risk
factors.! Ischemic stroke often involves blood-brain barrier disruption in the infarct
region, or a decline in local blood flow or metabolism.? Currently, the main clinical
regimen for ischemic stroke depends on re-perfusing the ischemic area via drugs or
early thrombolysis, thereby restoring oxygen and glucose supply,”> which therefore
gives rise to ischemic-reperfusion (I/R) injury.* Cerebral I/R injury is known as

. brain tissue deterioration as a result of ischemia, which simultaneously reverses the
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chemical therapies.” Natural compounds with the functions
of anti-inflammation, anti-oxidation, anti-apoptosis and
calcium antagonization, as well as neurofunctional modu-
lation, present either preventive or therapeutic roles on
cerebral I/R injury.® However, it remains a tough issue to
treat cerebral I/R injury.” Therefore, it is imperative to
seek eligible therapy for cerebral I/R injury treatment.
Exosomes are small membrane vesicles with a diameter
of 30-100 nm, which are released into the extracellular fluids
via the cells in all the living systems.®” Exosomes have been
revealed to alleviate oxygen-glucose deprivation (OGD)-
stimulated inflammatory responses, neuronal death and the
apoptotic signaling pathway changes.'® Astrocytes (ATCs)
are specific star-shaped glial cells that are responsible for
extracellular ion balance, nutritional support, synaptic remo-
deling and blood-brain barrier formation.'"' ATC-secreted
exosomes carry neuroprotective loads to execute neuropro-
tective function.'>'* Evidence has shown that microRNAs
(miRNAs) are implicated in the etiology and progression of
ischemic diseases, such as cerebral ischemia.'® In the present
study, the microarray analysis identified an enrichment of
miR-361 in ATC-derived exosomes. A previous study
revealed that miR-36/-modulated prohibitin suppresg
mitochondrial fission and apoptosis, which protected tf
heart from ischemic injury.'> miR-361-5p has beeng
as one of the top five cerebral cavernous
relevant miRNAs.'® miRNAs are well Iq

CTSB activation, und
in cellular apoptged

in vivo and in vii@gxperiments performed to validate the

hypothesis and to identify the potential molecules.

Materials and Methods
Ethics Statement

Animals were treated humanely with the approved proce-
dures based on the recommendations in the Guide for the
Care and Use of Laboratory Animals of the National
Institutes of Health. The protocol was issued by the

Institutional Animal Care and Use Committee of
Zaozhuang Municipal Hospital (#201803017).

ATC Culture and Treatment

Rat ATCs (RRID: CVCL_E150) were purchased from the
Cell Biology Institute of Chinese Academy of Sciences
(Shanghai, China). The medium was high-glucose DMEM
containing 10% fetal bovine serum (FBS) (Gibco
Company, Grand Island, NY, USA). miR-361 inhibitor
and miR-negative control (NC) were purchased from

Shanghai GenePharma Co., Ltd. The 4 por or NC vec-

lected, and the exosomes were extracted by differential

centrifugation.”® All centrifugal steps were operated at 4°
C and the other procedures were operated on ice. The
precipitate was resuspended in PBS, followed by centrifu-
gation another two times, and the precipitate, again, was
resuspended in 50-100 uL PBS and stored at —80°C for
use. The size and shape of the extracted exosomes were
identified by Nanosight and transmission electron micro-
scopy observation. Western blot analysis was used to
identify exosomal marker proteins. Protein concentration
of the
a bicinchoninic acid kit, and then the exosomes were
diluted to 30 pg/mL in PBS for further use.

extracted exosomes was determined by

Western Blot Analysis

The extraction of the total protein was performed via radio-
immunoprecipitation assay lysis buffer embodying phenyl-
methylsulfonyl  fluoride  (Beyotime  Institute  of
Biotechnology, Shanghai, China). The protein level in the

supernatant was detected via the BCA method. Equal
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volumes of protein (50 mg) were separated via SDS-PAGE
(10% gel) and then transferred onto the polyvinylidene
fluoride (PVDF) membrane (EMD Millipore). The PVDF
membranes were incubated with tris-buffered saline tween
(TBST; Boster Biological Technology Co., Ltd.) supplemen-
ted with 5% skimmed milk to block the non-specific bind-
ing. Next, the membranes were cultured with the primary
antibodies (Table 1) at 4°C overnight, together with rabbit
anti-rat secondary antibody for 1 h at room temperature. The
proteins were developed in enhanced chemiluminescence
reagent, and analyzed by BioSpectrum gel imaging system
(Bio-Rad Laboratories, Inc.).

Experimental Animals and Modeling

A total of 45 male Wister rats aged 6 weeks (weight, 150
+20 g) were purchased from Experimental Animal Center
of Chinese Academy of Sciences (Shanghai, China). The
rats were placed in the second-class clean animal house,
raised in separate cages with standard feed and free access
to water. All the rats were randomly numbered and
assigned into sham group, I/R group and exosome inter-
vention group (Exo group), Exo-Mock group and Exo-

Table | A

Antibd , Company Dilution Ratio

Alix ab117600, Abcam 1: 100
CDé63 ab217345, Abcam 1: 100
CD9 ab92726, Abcam 1: 100
CD8l ab79559, Abcam 1: 5000
GAPDH ab181602, Abcam 1: 50
B-actin ab179467, Abcam 1: 5000
Cleaved caspase-3 ab2302, Abcam 1:50
Cleaved PARP ab32064, Abcam 1: 5000
Secondary antibody ab1501 17, Abcam 1: 5000

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; PARP, poly
(ADP-ribose) polymerase; Abcam, Abcam Inc., Cambridge, MA, USA.

pg/mL) through the caudal vein twice a week for a total of 2
weeks. Rats in the sham group were injected into an equal
volume of normal saline. Following evaluation of the neuro-
logical deficit score, rats were euthanized by the administra-
tion of pentobarbital sodium (120 mg/kg)* (https://www.
avma.org/KB/Policies/Documents/euthanasia.pdf). The ani-

mal death was confirmed by the cardiac arrest, the appear-
ance of dilated pupils, and the loss of nerve reflexes. In each
group, three rats were used for 2,3,5-triphenyltetrazole chlor-
ide (TTC) staining, three for edema in brain detection, and
the left hemisphere of the remaipa

bree rats were col-

neurological damage in rats was determined
gical deficit score, TTC staining, degree of brain
and C-fos

g immunohistochemical
Neurological deficit score in rats: 24 h after blood reperfu-

staining.
sion, neurological deficit in rats was determined by Longa
scoring criteria.?' The degree of edema in the brain was
determined by the standard brain wet weight-brain dry
weight”® The brain was weighed immediately following
the extraction and then dried at 100°C for 24 h and weighed.
The degree of edema in the brain was expressed by the
formula: (Wet weight - dry weight)/wet weight x 100%.
The area of cerebral infarction in rats was determined by
TTC staining: Rat brain tissues were extracted, washed with
normal saline, and cut into slices (3-mm). Then, the slices
were exposed to 1% TTC solution (Oxoid) in the dark at 37°
C, fixed in 10% formaldehyde and photographed, with the
non-stained area regarded as the infarct area. The experi-
mental procedure for C-fos immunohistochemical staining
was performed as reported in the literature.>

Nissl Staining

A total of five slices were randomly selected for Nissl
staining. The sections were rinsed three times with dis-
tilled water for 5 min each time, and then stained with 1%
toluidine blue for 40 min (or stained with crystal violet for
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30 sec) in a 60°C incubator for further use. After washing
the dye with distilled water, the sections were dehydrated
in 70%, 80%, 95% and 100% ethanol, and then cleared
with xylene, and finally sealed with neutral gum. The
were observed under a light

sections microscope

(Olympus Corporation).

In vitro Model of OGD/Reoxygenation
(OGD/R) Mimicking I/R Injury in Mouse

Neuroblastoma Cells
Mouse neuroblastoma cell line PC12 was purchased
from the Cell Biology Institute of Chinese Academy of
Sciences (Shanghai, China). PC12 cells with good
growth were divided into control group, OGD/R group,
OGD/R-exosomes group (OGD/R-Exo group), OGD/
R-Mock group (treated with exosomes that were trans-
fected with Mock vector) and OGD/R-Inhibitor group
(treated with exosomes that were transfected with miR-
361 inhibitor). After cell grouping, the culture medium
of each OGD/R group was discarded, and the cells were
washed once with sterile PBS, loaded into the prepared
glucose-free DMEM, and cultured in a three-gas incu-
bator for 2 h. Subsequently, the cells of each OG
group were removed and cultured in common mediu
(10% FBS + DMEM) in a common incubator
CO,; saturated humidity). Cells were
h later for subsequent experiments.

Microarray-Based Anal

(Thermo Fisher Scie
performed
protocols.

ues and cells were acquired with the
RNAiso Plus (Takar®Bio, Inc. Kyoto, Japan) and TRIzol®
LS Reagent (Takara Bio, Inc.), respectively. Next, formal-
dehyde denaturation electrophoresis was adopted to con-
firm the reliability of the obtained RNA. RT-qPCR was
implemented as per the manufacturer’s protocol, using the
PrimeScript™ RT reagent kit (Takara Bio, Inc.). The
mRNA expression was determined by the protocol of the
standard real-time qPCR with SYBR Premix Ex Taq

(Takara Bio, Inc.) with glyceraldehyde-3-phosphate

dehydrogenase (GAPDH) as a loading control. The pri-
mers are presented in Table 2.

MTT Assay

The cells with good growth in each group were assayed
for cell proliferation using an MTT cell proliferation and
cytotoxicity assay kit (C0009; Beyotime Institute of
Biotechnology). All experiments were performed in
strict accordance with the manufacturer’s protocol. In

brief, cells in each group were treated with 20 pL

at passage 3 with good growth
the DNA replication ability of

| plates and incubated with EAU for 60 min. Next,
ere fixed in 4% paraformaldehyde for 20 min,
reated with 3% Triton X-100, and analyzed using the
ick-IT EdU software. Then, the cells were observed
and photographed under a fluorescence microscope
(Olympus 600), and the image was analyzed using an
Image-Pro Plus software. The DAPI-positive cells (total
cells) and the EdU-positive (DNA replicating) cells were
calculated.

Table 2 Primer Sequences of RT-qPCR

Primers Sequences

miR-361 F: TCACACTATATCACATTGCCAGG
R: TATGGTTGTTCTGCTCTCTGTCTC
ué F: GACGAATGGAAGAGCCTGAC

R: ACGCTTCACGAATTTGCGTGTC

CTSB F: AGATCCTGGGTGCAGACTTC
R: GTAGAAAGGGCTGGGGAAG
GAPDH F: ACAGTCAGCCGCATCTTCTT

R: GACAAGCTTCCCGTTCTCAG

Abbreviations: RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; miR, microRNA; CTSB, cathepsin B; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; F, forward; R, reverse.
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Flow Cytometry

A total of 1x10* PCI12 cells/well were made into
a suspension and stained with 50 pg/mL Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide
(PI) in the dark for 15 min. Then, the cell apoptosis
was determined using an Annexin V apoptosis Kkit
I (BD Biosciences) and a flow cytometer (Becton
Dickinson).

TUNELWell-growing PC12 cells or the rat brain tissue
sections were washed with D-Hank three times, and then
the apoptosis of cells was further washed using a TUNEL
apoptosis detection kit (Guangzhou RiboBio Co., Ltd.) as
per the manufacturer’s protocol. A total of five randomly
selected areas were observed under the microscope, under
which the TUNEL-positive cells present greenery nuclei.
All procedures were performed in triplicate.

Dual-Luciferase Report Gene Assay

The 3'untranslated region (UTR) binding sequence of miR-
361 and CTSB was predicted by the online prediction
software TargetScan (http://www.targetscan.org/vert 72/).
CTSB wild type (WT) and mutant type (MT) of 3'UTR
binding sequence were synthesized by Shanghai ;
Bioengineering Co., Ltd. and
REPORT™ (Thermo Fisher Scientific,
WT and MT pl

transfected with miR-36/ mimic

inserted

reporter vector.

cther the data were normally
established using a Kolmogorov—
Smirnov test. Wteasurement data were expressed as
mean + standard deviation and the data between the
two groups was compared using a t-test. Comparison
among multiple groups was analyzed with one-way or
two-way analysis of variance (ANOVA), and Tukey’s
multiple comparisons test was utilized for the pairwise
comparison after ANOVA. A P-value was obtained from
a two-sided test, and P<0.05 was considered to indicate
a statistically significant difference.

Results

Identification of ATCs and Exosomes

Following observation under light microscopy and glial
fibrillary acidic protein (GFAP) immunofluorescence assay,
the cells used in the present study met the definition of ATCs
(Figure 1A). Subsequently, exosomes were extracted and the
transmission electron microscopy observation (x40000)
results revealed that the extracted exosomes exhibited a cup-
shaped morphology (Figure 1B). The Nanosight nanoparti-
cle tracking analysis results demonstrated that the exosome

size was ~97.6 nm (Figure 1C), atern blot analysis

osome treatment reduced I/R-induced neu-
ge in rats, presenting as decreased neurolo-
scores (Figure 2A). TTC staining showed

nificant decline in cerebral infarct size after exosome
treatment (Figure 2B). The determination of water content
in the brain of rats revealed that exosome treatment
decreased the degree of cerebral edema caused by I/R
(Figure 2C). Subsequently, the present study used Nissl
staining to assess neuronal damage in rat brain tissue;>
where a larger number of Nissl bodies reflect a higher
neuronal activity. It was revealed that the number of
Nissl bodies in the injured neurons was significantly
decreased. Nissl staining showed that I/R treatment aggra-
vated brain damage, while exosome treatment could alle-
viate the damage caused by I/R (Figure 2D). In addition,
C-fos?® C-fos is
a member of the AP-1 family that is known to be involved

represents a neuroactive protein.
in the regulation of neuronal viability and necessary for
neuron survival.?’ Therefore, the present study further
investigated C-fos expression by immunohistochemistry
staining, and the results showed that exosome treatment
re-increased the C-fos level, which increased neuronal
viability in rat brain (Figure 2E). Furthermore, TUNEL
assay was used to detect the apoptosis level in hippocam-
pus after I/R in rats. The results revealed that exosome
treatment partially reversed the apoptosis of hippocampal
neurons induced by I/R (Figure 2F).
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I/R Injury

With the aim of clarifyin

4 were downregulated. The
the top 30 differentially expressed
iR-361, which had the most differ-
ential expression, was selected to detect its expression level
in hippocampus of each group by RT-qPCR. The results
showed that the expression level of miR-361 was signifi-
cantly increased following exosome treatment (Figure 3B).
To further determine the role of miR-361, the present study
transfected miR-361 inhibitor (miR-Inhibitor) into ATCs.
The results of RT-qPCR confirmed that the transfection was
successful since the miR-361 expression in ATC was

000

ng of ATC-specific marker GFAP showed that the cells we used
@ observed under a Transmission electron microscopy. (C) Nanosight

decreased after miR-inhibitor treatment (Figure 3C).
Subsequently, exosomes were extracted, and the expression
of miR-361 in ATCs and exosomes was detected by RT-
gqPCR. The expression of miR-361 in the exosome of the
miR-Inhibitor group was significantly decreased (Figure
3D). Furthermore, I/R rats were treated with miR-361
Inhibitor-transfected exosomes (ATC-inhibitor-exo). The
results showed that decreasing exosome-loaded miR-361
partially reversed the neuroprotective effect of ATC-derived
exosomes on I/R rats. Inhibition of miR-361 led to an
increase in neurological deficit in rat brains (Figure 3E),
and an aggravation in edema in rat brains (Figure 3F). The
TTC staining results showed that the infarct size in rat brain
tissues was increased (Figure 3G). Again, the number of
Nissl bodies in brain hippocampal tissues was declined
(Figure 3H), and the expression of c-fox protein was
decreased (Figure 3I), but the number of TUNEL-positive
cells was increased after miR-361 inhibition (Figure 3J).
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Figure 2 ATC-derived exosomes reduce I/R-induced neurological damage in rats. (A) After the injection of 3 L Exo in the I/R group, the neurological deficit score was
used to evaluate the effects of ATC-derived exosomes on neurocognitive function in rats. (B
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Abbreviations: ANOVA, analysis of variance; ATC, astrocyte; Exo, exosome; I/R,
deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling.

contents of apoptosis-associated protein were decreased
significantly following Exo treatment (Figure 4D).
Furthermore, the present study performed TUNEL
assay to observe the level of apoptosis and revealed
that exosomal treatment decreased the amount of apop-
tosis in cells (Figure 4E).

12 cells was significantly
i 30 pg/mL of ATC-  ATC-Derived Exosomal miR-361

Increases Activity of OGD/R-Treated
PCI12 Cell

Following treatment of PC12 cells with exosomes trans-
fected with miR-361 inhibitor, OGD/R treatment was
performed, followed by RT-qPCR to detect the expres-
sion of miR-361 in PC12 cells in each group, and the
results revealed that the expression of miR-361 was
significantly decreased (Figure 5A). Again, the decrease
contents of apoptosis-associated proteins Bax, Cleaved in miR-361 carried by exosomes partially reversed the
Caspase-3 and Cleaved poly-ADP-ribose polymerase protective effect of exosomes on OGD/R-treated cells.
(PARP) in each group, and the obtained results demon-  In detail, the viability of PC cells was decreased when
strated that the apoptotic protein content was increased miR-36/ was inhibited (Figure 5B), and the number of
significantly following OGD/R treatment, but the EdU-positive cells was also decreased (Figure 5C).

the addition of exosomes significantly inhibited cell
apoptosis induced by OGD/R treatment (Figure 4C).
Western blot analysis was performed to determine the
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an increase in cell apoptosis according to the flow cyto- Targeting CTSB

metry (Figure 5D). In addition, the expression levels of  Tq further determine the downstream mechanism of miR-

pro-apoptotic factors including Bax, Cleaved caspase-3 367, the present study used TargetScan to predict the
and Cleaved PARP were increased (Figure 5E). The potential target gene, CTSB (Figure 6A). Subsequently,
TUNEL results also suggested an increase in the number  the present study performed a dual-luciferase reporter
of apoptotic cells after miR-361 inhibition (Figure 5F) gene assay and the results demonstrated that miR-361
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sion in PC12 cells was notably increased (Figure 6C).
inhibited CTSB

expression, but this inhibition was blocked when miR-

ATC-derived exosomes significantly
361 was suppressed (Figure 6D). Next, in order to deter-
mine the involvement of CTSB in the neuroprotective
events mediated by miR-361, the present study performed
a functional rescue experiment by overexpressing CTSB in
exosomal-treated PC12 cells. The results revealed that in

OGD/R-treated PC12 cells, overexpression of CTSB par-
tially offsets the protective effect of exosomes on PC cells.
The wviability and proliferation of PCI12 cells were
decreased after CTSB overexpression (Figure 6E and F),
and the number of EdU-positive cells was decreased
(Figure 6G). In addition, the flow cytometer results also
found that the number of apoptotic cells was notably
increased (Figure 6H), and the protein levels of Bax,
Cleaved Caspase-3 and Cleaved PARP were increased
upon CTSB overexpression (Figure 6I).
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Abbreviations: ANOVA, analysis of variance; ATC, astrocyte; B
FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde-3
mide; OGD/R, oxygen-glucose deprivation/reoxygenation;
ribose) polymerase; TUNEL, terminal deoxynucleotid

AMPK/mTOR signd
sues. The exosome treatment reduced the activation in brain

g pathway cytokines in rat brain tis-

tissues, but this reduction was blocked when miR-361 was
inhibited (Figure 7A and B). Similarly, activation of AMPK/
mTOR was observed in OGD/R-treated PC12 cells. Exosome
treatment was found to suppress the mRNA and protein
levels of AMPK and mTOR in cells. But these changes
were reversed when upon miR-161 inhibition (Figure 7C
and D).

OGD/R-Mock  OGD/R-Inhibitor

cells were treated with exosomes transfected with miR-
R. (B) Measurement of cell viability using MTT assay. (C)

Discussion

Various miRNAs have been demonstrated to be loaded by
exosomes, which have been revealed to play roles in both
inflammation and neuron injury.”* Evidence has also
revealed that exosomes secreted from ATCs exhibit pro-
tection in Huntington’s disease.’® Nevertheless, the func-
tions of ATC-derived exosomes and the transfer of the
cargo of exosomal protein and RNA have rarely been
investigated in cerebral I/R injury. Based on this, the
present study aimed to elucidate this issue.

The results of the present study suggested that ATC-
derived exosomes decrease I/R-induced neurological
damage in rats. In addition, ATC-derived exosomes pro-
mote OGD/R-treated PC12 cell activity while inhibiting its
apoptosis. It is reported that exosomes are of significance
in intercellular communication in the brain through the
transfer of the cargo of exosomal protein and RNA
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genation; Pl, propidium iodide; PARP, poly (ADP-ribose) polymerase; WT, wild type.

between both s8Rrce and target cells.>’ The function of
exosomes in cardioprotection reflects the exosomes’ com-
mon function in tissue repair, and varying cell types secret
exosomes, which are proprietary for the specially
appointed type of cells or injuries.*> Meanwhile, a study
has indicated that exosomes have the ability to repair
injured tissue, including myocardial I/R injury.*®> Given
their unique properties, such as high delivery efficiency,

innate stability, low immunogenicity, as well as the ability

to cross the blood-brain barrier, exosomes play vital parts
in treating cerebral ischemia. However, the insufficient
targeting capability of exosomes restricts their clinical
applications.>® Exosomes have been demonstrated to be
released from numerous types of cells, such as neurons
and ATCs. It is suggested that amyloid-f abates the release
from ATCs
phosphorylation.®> As previously described, ATC-derived

of exosomes through enhancing JNK

exosomes have a protective role in hypoxic-ischemic
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neurons.>® Other articles have demonstrated that ATCs
with AP peptides treatment, or ATCs-exosomes in mice
overexpressing mutant copper-zinc SODI1, are able to
ATC

37,38

induce apoptosis and motor neuron death,

respectively.
The present study also revealed that ATC-derived exoso-
mal miR-361 protects I/R injury. Exosomes secreted from

various cells could stimulate neuroprotection and

Relative mTOR protein level
o
P2

OR signaling pathway by targeting CTSB. (A, B) Detection of mMRNA and protein levels of AMPK and mTOR
t analysis, respectively. (C, D) Detection of mMRNA and protein levels of AMPK and mTOR in PCI2 cells by RT-qPCR and
erformed three individual times; Data are expressed as mean # standard deviation. One-way ANOVA and Tukey’s

neurorestorative functions through regulating gene, protein
and miRNA expression in their target tissues and cells.” It
has been revealed that the modulation of miR-361 expression
also influences mitochondrial fission, apoptosis, as well as
myocardial infarction.'> miR-361-5p, one of the important
miRNAs, has been shown to act as a tumor inhibitor in
various types of tumor.** Zhang et al have reported that
miR-361-5p contributes to

suppressed  epithelial-to-
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mesenchymal transition in glioma cells via targeting

Twist1.!

Wang et al. suggested that miR-361-5p/vascular
endothelial growth factor-dependent regulation could be
new therapeutic modalities both for ischemia-associated dis-
eases and for tumor angiogenesis.** In addition, miR-361 has
been identified as an apoptosis promoter regarding cancer

cells in several malignancies,*>**

though, it has been docu-
mented to decrease apoptosis of cardiomyocytes following
myocardial I/R injury.** The present study identified
a similar anti-apoptosis role of miR-361 in neuronal apopto-
sis since knockdown of miR-361 led to increased apoptosis of
PCI12 cells.

Furthermore, another finding was that ATC-derived
exosomal miR-361 downregulates AMPK/mTOR by target-
ing CTSB. CTSB is released from lysosomes in reperfu-

sion-free acute focal ischemia, revealing that lysosomal

XA o
= T ==
?%ﬁ&%ﬁgf%%

) - —_ RS
AL PA

AMPK

mTOR

PR

destabilization could in part to lead to cerebral
infarction.*® Anagli et al. observed CTSB decrease and
heat shock protein level decrease following cysteine pro-
tease inhibitor treatment, implying that the cysteine pro-
tease pathways are destructive at the beginning of
ischemic brain injury.*” Xing et al. also reported that the
activated CTSB in an ischemic stroke model was markedly
elevated following cortical ischemic stroke, and it may be
a controller of poststroke secondary degeneration.*® The

AMPK/mTOR pathway is significant in autophagy modu-

cose starvation.

lation in response to both stregg

However, these r
the lack of rel

Cell Apoptosis
Cell Autophagy

%jé% Astrocytes

A miR-361-3p

Exosomes

Protein synthesis

Cell proliferation CTSB mRNA

Figure 8 The mechanistic diagram highlights that ATCs-derived exosomal miR-36! downregulates AMPK/mTOR signaling pathway by binding to CTSB to reduce nerve

damage caused by I/R.

Abbreviations: ATC, astrocyte; miR, microRNA; AMPK/mTOR, AMP-activated protein kinase/mammalian target of rapamycin; CTSB, cathepsin B; I/R, ischemic-reperfusion.
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Conclusion

Overall, the present study highlights that ATCs-derived exo-
somal miR-361 downregulates the AMPK/mTOR signaling
pathway by binding to C7SB to decrease nerve damage
caused by I/R (Figure 8). Therefore, exosomes may be uti-
lized as a special targeted drug delivery vehicle.
Furthermore, the present study could shed new light on the

miRNA-based therapy for cerebral I/R injury.

17.
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