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Exosomes from miRNA-126-modified ADSCs promotes
functional recovery after stroke in rats by improving
heurogenesis and suppressing microglia activation
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Abstract: Although adipose derived stem cells (ADSCs) exert their therapeutic potential in ischemic stroke, the
migration of ADSCs in injured area is not apparently observed after intravenous administration. ADSCs are an im-
portant source of exosomes which hold great promise as an endogenous drug delivery system for the treatment of
cerebral ischemia given their ability to cross the blood-brain barrier. Here we investigated whether ADSCs-derived
exosomes mediated miRNAs transfer and thus promoted neurological recovery after stroke. We first proved that
miR-126 levels were reduced in patients’ plasma with acute ischemic stroke and in rat plasma and brain tissue
after ischemia. To test the effect of exosomal miR-126, we employed overexpression and knock-down technologies
to up-regulate or inhibit miR-126 level in ADSCs and thus acquired miR-126* exosomes and miR-126" exosomes,
respectively. Compared with control, systemic administration of ADSCs-derived exosomes significantly increased the
expression of von Willebrand factor (an endothelia cell marker) and doublecortin (a neuroblasts marker) and im-
proved functional recovery in stroke rats. ADSCs-derived exosomes also resulted in a decrease of neuron cell death
and an increase of cell proliferation compared with control. Importantly, these outcomes were further enhanced
with miR-126* exosomes treatment and were significantly decreased with miR-126" exosomes treatment, compared
to naive exosomes treatment. MiR-126* exosomes also inhibited microglial activation and the expression of inflam-
matory factors in vivo and in vitro. Our results suggest that intravenous administration of miR-126* exosomes post
stroke improves functional recovery, enhances neurogenesis, inhibits neuroinflammation, and represents a novel
treatment for stroke.
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Introduction Exosomes are small membrane vesicles (30~
100 nm) that are released from different types
of cells in response to specific cellular stimula-

tion [5]. They exhibit crucial messenger function

Ischemic stroke is one of the leading causes of
physical disability and death worldwide [1].

Stem cell therapy has recently emerged as a
promising new therapeutic approach for the
treatment of stroke, including bone marrow-
derived mesenchymal stem cells (BMSCs) [2],
embryonic stem cells [3], endothelial progeni-
tor cells and adipose-derived stem cells
(ADSCs) [4]. Among these options from various
stem cells, ADSCs are demonstrated to have
the distinct advantages of abundancy, lower
barrier to obtain invasiveness and avoiding the
ethical issue due to sufficient quantity for autol-
ogous transplantation [4].

in intercellular communication by delivering
pre-wrapped cargoes like miRNAs, IncRNA and
proteins to recipient cells [6]. miRNAs are short
non-coding single-stranded RNAs that regulate
cellular functions by acting at the post-tran-
scriptional level [7]. The transfer of miRNAs
mediated by exosomes has been continuously
studied due to the complexity of functional reg-
ulations on the recipient cells. Xin et al reported
that exosome-mediated transfer of miR-133b
from multipotent mesenchymal stromal cells to
neural cells contributes to neurite outgrowth
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[8]. Several studies reported that miR-124 and
miR-145 can be delivered to neural progenitor
cells through exosome-dependent procedure
that changes the gene expression of recipient
neural cells and thus promotes cortical neural
progenitors to obtain neuronal identity [9, 10].
Recently, the role of exosomes derived from
miRNAs-modified ADSCs in different types of
disease is gradually revealed [11-13]. Qu et al
demonstrated that exosomes derived from
miR-181-5p-modified ADSCs prevent liver fibro-
sis via autophagy activation [11]. Exosomes
from miR-126-overexpressing ADSCs are thera-
peutic in relieving acute myocardial ischaemic
injury [12].

Emerging studies have demonstrated miR-126
could be used as the probe to distinguish
severe permanent ischemia from milder injury
after transient ischemia [14-16]. Meanwhile,
many studies have assessed miR-126 from
blood and brain tissues of human stroke
patients and animal stroke models [17-19].
However, only some finite reports revealed the
elusive relationship between ADSCs and miR-
126 in ischemia damage or treatment [12, 20,
21] and the underlying mechanisms of ADSCs-
derived exosomal miR-126 deserved further
investigation in ischemia injury.

Based on above findings, here we investigate
whether tailored exosomes enriched with the
miR-126 protects against cerebral ischemia
injury in a rat model of MCAQ, and determine
the precise role of miRNA-126 in regulations on
stroke in the context of ADSCs.

Materials and methods
Cell culture and oxygen-glucose deprivation

The use of human blood or tissue samples was
approved by the institutional ethics review
board of the First Affiliated Hospital of Wen-
zhou Medical University. Informed consent was
obtained from all patients and healthy controls
prior to study. Donors with malignancies, infec-
tious or systemic diseases were not included in
the present study. 13 male patients (Age: 57.3-
69.4) with acute cerebral infarction and 17 nor-
mal control subjects (Age: 58.1-69.7) were
enrolled in the study.

ADSCs were isolated as previously described
[22, 23]. Briefly, subcutaneous adipose tissue
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was separated from the inguinal region of
rats, and digested for 60 minutes at 37°C with
equal volumes of dispase (final concentration
10 U/ml, BD, CA, USA) and collagenase (final
concentration 66.7 U/ml, Sigma-Aldrich, MO,
USA). The top lipid layer was removed after cen-
trifugation at 200 g for 10 minutes. The pellet
was re-suspended in DMEM supplemented
with 10% FBS (Gibco, CA, USA) and filtered
through 40 um nylon cell strainer (BD Falcon,
NJ, USA) after lysing the red blood cells. The
isolated cells were then plated and expanded
in MesenCult-XF culture medium (Stem Cell
Technologies, Vancouver, Canada) supplement-
ed with 1% (v/v) penicillin/streptomycin (Gibco)
and 2 mM L-glutamine (Gibco). ADSCs culture
was maintained at sub-confluent levels (<80%
confluency) at 37°C with 5% atmosphere.

The mouse BV2 microglial cells were obtained
from the Cell Bank of Chinese Academy of
Sciences (Shanghai, China) and cultured in
DMEM supplemented with 10% FBS and 1%
penicillin as well as streptomycin (Gibco). The
oxygen-glucose deprivation (OGD) was initiated
by exposure of BV2 cells to DMEM without
serum or glucose in a humidified atmosphere
of 95% nitrogen and 5% CO,, for 6 hours.

Exosomes preparation

ADSCs grown to approximate 80% confluence
were washed with PBS thrice and cultured with
exosome-depleted FBS-contained medium
(Sigma-Aldrich). After 48 h incubation, the me-
dium was collected, and filtered through a 0.22
um filter (BD Falcon). Exosomes in culture me-
dium were extracted using the ExoQuick™
Exosome Precipitation Solution (System Bio-
sciences, CA, USA). Briefly, the ExoQuick™
Exosome Precipitation Solution was added to
the culture medium and refrigerated overnight.
The sample was centrifuged for 30 min at 1500
RPM and then at 3000 RPM for 5 min at 4°C.
Exosome pellet was re-suspended in 200 ul of
cell medium.

MiR-126* exosomes and miR-126" exosomes

MiR-126 (GCGUAAUAAUGAGUGCCAUGCU) and
2’-0-methyl modified miR-126 inhibitor (AGCA-
UGGCACUCAUUAUUACGC) were purchased
from Genepharm (Shanghai, China) and trans-
fected to ADSCs cells using Lipofectamine™
3000 (Invitrogen, CA, USA) according to the
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manufacturer. ADSCs or ADSCs treated with
miR-126 or miR-126 inhibitor were used to pre-
pare exosomes, miR-126* exosomes and miR-
126" exosomes, respectively.

Rat MCAO model

The experimental protocol was approved by the
Institutional Animal Care and Use Committee of
the First Affiliated Hospital of Wenzhou Medical
University. Male SD rats (weight, 280+10 g)
were obtained from the Shanghai Experimental
Animal Center of Chinese Academy of Sciences
(Shanghai, China), and maintained in a patho-
gen-free facility and routinely monitored. Rats
were used to induce focal ischemia by occlud-
ing the MCA using the intraluminal technique as
previously described [24, 25]. Briefly, SD rats
were anesthetized by ketamine intraperitone-
ally. Atropine was subcutaneously injected with
exposure of the CCA (common carotid artery),
ICA (internal carotid artery) and ECA (external
carotid artery) by surgery. The ECA was coagu-
lated and inserted into the ICA through the ECA
to occlude the MCA. Two hours later, the suture
was withdrawn to allow MCA perfusion. The
regional cerebral blood flow was observed to
verify the occurrence of ischemia by MCAO,
using laser Doppler flowmetry (PeriFlux System
5000, Sweden). The sham control rats under-
went the same procedures except the occlu-
sion of the MCA. The temperature was main-
tained at 37.0°C using a heating pad (Malvern,
UK) and the rats were kept on it until the clo-
sure of the skin incision.

Behavioral tests

For functional recovery evaluation, a Foot-fault
test and a modified neurologic severity score
(MNSS) were carried out at the indicated time
by an investigator masked to the treatments as
previously described [26, 27].

ELISA assay for TNF-a and IL-1[3

The ELISA assay was carried out using ELISA kit
(ADL, San Diego, USA) according to instruc-
tions. To quantify TNF-a and IL-1p protein in
brain tissues, 96 well plates were coated with
antibodies specific for rat, with the addition of
the supernatants of brain tissue homogenates
(1:20 dilution). After the reaction between
enzyme and substrate, the absorbances of
samples were measured at 450 nm with a
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microplate reader. Standard curves were app-
lied using diluted standard solutions to provide
the comparison for the calculation of rat TNF-a
and IL-1B in the samples. All the procedures
were repeated for at least three times.

Western blotting

Total protein was extracted with homogeniza-
tion in lysis buffer and centrifuged at 12,000
rom for 15 min. Bicinchoninic acid (BCA) assay
was used to determine protein concentrations.
Equal amount of proteins (60 pg) were electro-
phoresed through a 12% SDS-polyacrylami-
de gel, and then electro-transferred to PVDF
membranes (Invitrogen). The blots were incu-
bated 2 h at room temperature with the indi-
cated antibodies (caspase-3: #9662, Cell Sig-
naling Technology, Boston, MA, 1:1000; B-actin,
#4967, CST, 1:2000), and subsequently detect-
ed using the secondary antibody (1:2000; Cell
Signaling Technology, Boston, MA).

Immunofluorescence staining

The immunofluorescence staining in brain tis-
sues was performed as previously described
[28]. Specific primary antibodies against von
Willebrand factor (1:50, ab9378, Abcam), dou-
blecortin (1:100, ab216566, Abcam) or NeuN
(1:1200, ab190195, Abcam) and lbal (1:500,
ab50765, Abcam) were used to mark the sec-
tion at 4°C overnight. Secondary antibody for
immunofluorescence was anti-rat Alexa Fluor
488 (1:1000, Invitrogen) and then counter-
stained with DAPI (ATOM, USA). The samples
were observed and analyzed by the LEICA TCS
SPE microscope (Leica, Germany) and LEICA
software LAS AF, respectively. And the positive
cells were statistically counted and plotted.

Cell activity assay

BV2 cell activity was determined using Cell
Counting Kit-8, according to manufacturer’s
protocol (Dojindo Laboratories, Janpan).

Neural cell death in the infarct area was deter-
mined by TUNEL staining assay using TdT-
FragEL™ DNA Fragmentation Detection Kit
(Sigma-Aldrich). Cell counts was conducted on
the brain tissues from each rat (n=5 per group)
with positive cells in 10 different microscopic
fields based on their nuclear morphology and
color.
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Figure 1. MiR-126 was significantly reduced in patients with ischemic stroke and MCAQ rats. A, B. The public data-
base GSE110993 and GSE97532 was used to analyze the expression level of miR-126. *P<0.05 vs sham group.
C. Rats were subjected to MCAO (middle cerebral artery occlusion), and then the miR-126 level in the plasma of rat
MCAO was assessed at 4 h, 12 h and 24 h. Relative miR-126 level in plasma was decreased in a time-dependent
manner. *P<0.05 vs sham group. D. Rats were subjected to MCAO, and then the miR-126 level in the brain tissues
of rat MCAO was assessed at 24 h. *P<0.05 vs sham group. E. The relative level of miR-126 in plasma of stroke
patients (n=13) and normal control (n=17) was assessed using qPCR. **P<0.01. F. The association of barthel index
and miR-126 level in plasma of stroke patients (R?=0.4825, P=0.034). The miR-126 level was positively associated
with barthel index.

Quantitative real-time PCR (qPCR) Master Mix (Takara, Japan) and designed prim-

ers. qPCR was performed using 2 x SYBR Green
Total RNA was extracted from cells or tissues Mix (Vazyme Biotech, China) on ABI PRISM
using Trizol reagent (Invitrogen) following the 7300HT Sequence Detection System (Applied
manufacturer’s instructions. Reverse transcrip- Biosystems, USA). The primer information was
tion was performed using Prime Script TM shown in Table S1.
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Figure 2. MiR-126" exosomes enhanced functional recovery after stroke. (A) Exosomes were isolated from plasma
of stroke patients (n=12) and normal controls (n=17), and the miR-126 level was assessed using qPCR. **P<0.01.
(B) Overexpression and knock-down technologies was employed to up-regulate or inhibit miR-126 level in ADSCs
and thus acquired ADSCs-derived miR-126" exosomes and miR-126" exosomes respectively. The miR-126 level in
exosomes, MiR-126* exosomes and miR-126" exosomes was was assessed using qPCR. *P<0.05. (C) Rats were
subjected to MCAO and treated via intravenous injection of PBS, exosome, miR-126" exosome or miR-126" exo-
some, and then the foot fault test (C) and modified neurological severity scores (mMNSS) of rat behavior (D) was
carried out at 1, 3, 7 and 14 days after MCAO. *P<0.05.

Statistical analysis

Data analysis was performed using the SPSS
software version 16. Each experiment was car-
ried out at least in triplicates and data were
presented as mean * SD. Two-tailed student’s
t-test was performed to analyze the difference
between two groups. One-way ANOVA followed
by the Scheffé test was carried out to compari-
son more than 2 groups. A value of P<0.05 was
considered statistically significant.

Results

MiR-126 was significantly reduced in patients
with ischemic stroke and MCAO rats

Several studies reported that miR-126 was
highly expressed in endothelial cells (ECs) and
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endothelial progenitor cells (EPCs), enhanced
cell proliferation and migration leading to the
vascular integrity and angiogenesis [20]. How-
ever, in some ischemia-associated human dis-
eases such as stroke and coronary artery dis-
ease, miR-126 was downregulated in various
kinds of cell types. The analysis from public
databases GSE110993 and GSE97532 dem-
onstrated that miR-126 was significantly de-
creased in ischemic stroke (Figure 1A and 1B).
In the present study, the role of miR-126 in reg-
ulating functional recovery after stroke was
investigated. gPCR analysis showed that the
expression levels of miR-126 in plasma at 4 h,
12 h and 24 h (Figure 1C) and brain tissues at
24 h in MCAO rats (Figure 1D) were significantly
decreased compared to the sham. The similar
results were confirmed in clinical data of stroke

Am J Transl Res 2019;11(2):780-792
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Figure 3. MiR-126* exosomes promoted neurogenesis and vasculogenesis after ischemic stroke. (A and B) Rats
were subjected to MCAO and treated via intravenous injection of PBS, exosome, miR-126* exosome or miR-126
exosome, and thenthe expression of VWFin peri-infarct zone was assessed using immunofluorescence staining (A)
and the vVWF* cells were counted (B). *P<0.05. (C and D) Rats were subjected to MCAO and treated via intravenous
injection of PBS, exosome, miR-126" exosome or miR-126 exosome, and then the expression of DCX in peri-infarct
zone was assessed using immunofluorescence staining (C) and the DCX* cells were counted (D). *P<0.05.

patients. Figure 1E showed that the miR-126
level in the plasma of stroke patients was sig-
nificantly lower than that of the normal control
volunteers. Correlation between barthel index
and miR-126 level showed a positive trend
(Figure 1F, R?=0.4825, P=0.034), indicating
that the patients with higher miR-126 level in
plasma have better activities of daily living.

MiR-126" exosomes enhanced functional
recovery after stroke

It was reported that miR-126-overexpressed
EPCs (Endothelial progenitor cells) contribute
to decrease infarct volume and promote func-
tional recovery in cerebral ischemic damage,
but our unpublished data showed that intrave-
nous injection of miR-126 did not change the
infarct volume and regulate functional recovery
in stroke rats model. Although intravenous
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injection of ADSCs is functional, it cannot pass
the blood-brain barrier to the injury area after
stroke. ADSCs are an important source of exo-
somes which play an important regulatory role
in stroke [13, 29], and can pass through the
blood-brain barrier to delivery miRNAs to the
injury area [13]. Thus we focused on effect of
exosomes derived from miR-126-modified
ADSCs in vitro and in vivo. As expected, the
miR-126 level in plasma exosomes was signifi-
cantly decreased in stroke patients when com-
pared to the normal control volunteers (Figure
2A). To test the effect of exosomal miR-126, we
employed overexpression and knock-down
technologies to up-regulate or inhibit miR-126
level in ADSCs and thus acquired ADSCs-
derived miR-126* exosomes and miR-126" exo-
somes respectively. Figure 2B showed that
miR-126 was highly expressed in miR-126* exo-
somes while there was decreased miR-126

Am J Transl Res 2019;11(2):780-792
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Figure 4. MiR-126" exosomes repressed neuron apoptosis and promoted cell proliferation. (A) Neuronal apoptosis
in peri-infarct zone was detected by TUNEL assay after MCAO and intravenous injection of PBS, exosome, miR-126*
exosome or miR-126" exosome. (B) The Tunel*NeuN* cells per field was statistically analyzed and plotted. *P<0.05.
(C) Activated caspase-3 and procaspase-3 were detected by western blotting after MCAO and intravenous injection
of PBS, exosome, miR-126* exosome or miR-126" exosome. (D, E) Rats were subjected to MCAO and treated via in-
travenous injection of BrdU and PBS, exosome, miR-126* exosome or miR-126" exosome, and then the NeuN*BrdU*
cells in peri-infarct zone was assessed using immunofluorescence staining (D) and were counted (E). *P<0.05.

level in miR-126" exosomes when compared to
the exosomes control. The sensorimotor perfor-
mance of the stroke severity was then evaluat-
ed by assaying foot-fault and modified neuro-
logical severity score (MNSS). Rats subjected to
MCAO, and then received PBS control, exo-
somes, miR-126* exosomes or MiR-126" exo-
somes intravenously at 2 h after MCAO. The
Foot-fault test (Figure 2C) and mNSS (Figure
2D) were carried out prior to the treatment
after MCAOQ, at day 1, 3, 7 and 14 after MCAOQ.
Compared with PBS control, exosomes treat-
ment significantly improved functional recovery
at day 3 after MCAO. miR-126* exosomes fur-
ther improved functional recovery, whereas
miR-126" exosomes impaired functional recov-
ery compared to exosomes at day 7 and day 14
after MCAO (Figure 2C and 2D). These results
demonstrated that increased miR-126 expres-
sion in ADSCs-derived exosomes enhances
functional recovery after stroke.

MiR-126" exosomes promoted neurogenesis
and vasculogenesis after ischemic stroke

The expression of VWF, a marker of endothelial
cells of cerebral blood vessels, was significant-
ly upregulated in peri-infarct zone after exo-
somes treatment compared to PBS control.
miR-126* exosomes further increased VvVWF
expression in peri-infarct zone, whereas miR-
126" exosomes suppressed VWF expression
compared to exosomes (Figure 3A and 3B). The
expression of doublecortin, an indication of
migrating neuroblasts, was increased in peri-
infarct zone after exosomes treatment com-
pared to PBS control. miR-126* exosomes fur-
ther increased doublecortin  expression,
whereas miR-126" exosomes suppressed dou-
blecortin expression compared to exosomes
(Figure 3C and 3D). Moreover, miR-126* exo-
somes decreased terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL)-
positive neurons compared with exosomes
(Figure 4A and 4B). The result was further veri-
fied by western blot analysis, showing that acti-
vated caspase-3 was decreased by the pre-
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treatment with miR-126* exosomes (Figure
4C). Additionally, immunofluorescence analysis
revealed a notably increased number of BrdU-
positive neurons (Figure 4D and 4E) by the
pretreatment with miR-126* exosomes. These
data showed a miR-126* exosomes-induced
enhancement in neurogenesis and vasculogen-
esis after ischemic stroke.

MiR-126" exosomes inhibited microglial activa-
tion and inflammatory response induced by
ischemic stroke

Post-ischemic inflammation is an primary step
in the progression of brain ischemia-reperfu-
sion injury [30], and microglia are the primary
cellular source of increased proinflammatory
cytokine levels in the brain [31]. To further
unveil the potential function of miR-126* exo-
somes in treating MCAO rats, we analyzed the
activation of microglial cell by Ibal immunofluo-
rescence. Figure 5A showed that microglial
activation was significantly repressed after
treatment with exosomes, and miR-126* exo-
somes further suppressed microglial activa-
tion compared to exosomes. To verify the
effects of miR-126* exosomes on the secretion
of TNF-ac and IL-1j, ELISA assay was performed
to measure the protein expression of TNF-a
and IL-1B in brain tissues. As shown in Figure
5B and 5C, miR-126" exosomes significant-
ly inhibited TNF-a and IL-1 production, where-
as miR-126" exosomes results in an increas-
ed TNF-a and IL-1B production compared to
naive exosomes. These data suggest that exo-
somal miR-126 plays an important role in exo-
somes-regulated neuroinflammation in MCAO
rats.

The role of miR-126" exosomes in regulating
microglia activation in vitro was further investi-
gated by Cell Counting Kit-8 assay. Figure 6A
showed that miR-126* exosomes significantly
inhibited cell activity of BV2 microglial cells,
whereas miR-126" exosomes results in an
increased BV2 cell activity compared to naive
exosomes.

Am J Transl Res 2019;11(2):780-792
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To further verify the effects of miR-126* exo-
somes on the secretion of TNF-a and IL-1B in
vitro, oxygen and glucose deprivation (OGD) cel-
lular models were constructed and then BV2
cells were treated with exosomes, miR-126*
exosomes or miR-126" exosomes. Figure 6B
and 6C showed that exosomes treatment
attenuated OGD-induced production of TNF-a
and IL-1B. More important, miR-126* exosomes
further inhibited the secretion of TNF-a and
IL-1B3, whereas miR-126" exosomes results in an
increased secretion of TNF-a« and IL-13 com-
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pared to naive exosomes. There results sug-
gest that exosomes from miRNA-126-modified
ADSCs contribute to functional recovery after
stroke in rats by improving neurogenesis and
suppressing microglia activation.

Discussion

In this study, we investigated the possible role
of tailored exosomes enriched with miR-126 in
protecting against cerebral ischemia injury, and
determine the precise role of miRNA-126 in
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regulating stroke in the context of ADSCs. The
current data demonstrate that (i) miR-126 was
significantly reduced in patients with ischemic
stroke and MCAO rats, (ii) miR-126* exosomes
promoted neurogenesis and vasculogenesis
after ischemic stroke, (iii) miR-126* exosomes
inhibited microglial activation and inflammatory
response induced by ischemic stroke, (iv) miR-
126* exosomes enhanced functional recovery
after stroke. These results reveal a potential
role of exosomal miR-126 in regulating neuro-
genesis and neuroinflammation, and may pro-
vide a novel opportunity to treat ischemic
stroke.

The ADSC-based therapy has developed as a
promising approach for treating stroke due to
its ability to reduce neuronal injury, limit proin-
flammatory immune responses and promote
neuronal repair [32]. ADSC transplantation is
capable of enhancing the migratory ability in
the infarct core and border zone, attenuating
neurological deficits and reducing the lesion
volume of cerebral infarction [33, 34]. ADSCs
could also directly differentiate into endothelial
cells, promote angiogenesis, and thus enhance
recovery after ischemia injury by secreting IL-6
[35]. However, the clinical use of ADSC has
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Figure 6. MiR-126* exosomes repressed
OGD-induced secretion of inflammatory
factors. (A) BV2 microglia was treated with
PBS control, exosome, miR-126* exosome
or miR-126" exosome, and then cell activity
was assessed using Cell Counting Kit-8 kit.
*P<0.05. (B, C) BV2 microglia was treated
with PBS control, exosome, miR-126* exo-
some or miR-126" exosome, and then the
mRNA levels of TNF-a (B) and IL-13 (C) was
assessed using qPCR. *P<0.05.

been limited as a result of the potential risk of
tumorigenicity and low survival rate of implant-
ed cells [36]. Previous studies have also stated
that ADSCs were not able to reach the infarct
area after intravenous administration but
somehow with the complete functional recov-
ery observed [37].

Given that ADSCs are an important source of
exosomes which hold great promise as an
endogenous drug delivery system for the treat-
ment of cerebral ischemia, ADSCs might play
protective role in cerebral ischemia through
secreting exosomes. Exosomes secreted by
ADSCs (ADSCs-Exos) are reported to act as the
‘courier’ that responsible for miRNA transfer to
the lesion site in stoke [13], and exosomes can
lead the path for ADSCs to fulfill its regulatory
role in functional recovery after stroke by apply-
ing specific miRNA modifications. Yang et al
demonstrated that ADSCs-Exos promote the
mobility and angiogenesis of brain microvascu-
lar endothelial cells after oxygen-glucose depri-
vation [33]. Exosomes play regulatory roles by
delivering pre-wrapped cargoes like miRNAs,
IncRNA and proteins to recipient cells [6]. Yang
et al reported that exosomes modified with
rabies virus glycoprotein fused to exosomal
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protein lysosome-associated membrane glyco-
protein 2b, could efficiently deliver miR-124 to
the infarct site, and tailored exosomes enriched
with miR-124 could promote cortical neural
progenitors to obtain neuronal identity and pro-
tect against ischemic injury [10]. miR-30d-5p-
enhanced ADSC-derived exosomes prevent
cerebral injury by inhibiting autophagy-mediat-
ed microglial polarization to M1 [13].

Although intravenous injection of miR-126 did
not change the infarct volume and regulate
functional recovery in stroke rats model (data
not shown), miR-126 was significantly reduced
in patients with ischemic stroke and MCAO
rats. Based on the above analysis, we specu-
lated whether miR-126 plays regulatory role in
cerebral ischemic injury through the mediation
of exosomes, and investigated whether ADSCs-
Exos mediated miR-126 transfer and thus pro-
moted neurological recovery after stroke.
Current data demonstrated that systemic
administration of ADSCs-Exos significantly
improves functional recovery, enhances neuro-
genesis, inhibits neuroinflammation, and repre-
sents a novel treatment for stroke. More impor-
tant, these outcomes are further enhanced
with miR-126* exosomes treatment and signifi-
cantly decreased with miR-126- exosomes
treatment, compared to naive exosomes treat-
ment. These results suggest tnat exosomes
can be utilized therapeutically for the targeted
delivery of gene drugs to the brain, thus having
great potential for clinical applications.

Given that ADSCs are unlikely to pass the
blood-brain barrier and the low survival rate of
implanted cells, our result proposed a potent
approach to increase the efficiency of ADSC-
related treatment for ischemic stroke. Taken
together, this study suggests an interesting
prospect to target ADSCs-derived miR-126*
exosomes as a potent therapy for ischemic
stroke.
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Table S1. Primer sequence in the study

miR-126 RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACcgca
Primer S GCCGACGAACCGAGAGAAAAAA
Primer A° GTGCAGGGTCCGAGGT
Primer S CCAGACCCTCACACTCAGATCA
TNF-o Primer A GTAGACAAGGTACAACCCATCGG
Primer S TCGCAGCAGCACATCAACAAG
IL-1B Primer A GAAGGTCCACGGGAAAGACACA




