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A B S T R A C T

Activation of microglia cells play critical role in neuroinflammation after brain injury. Exosomes from adipose-
derived stem cells (ADSC) possess immunoregulation effect similar with ADSC. We hypothesized that ADSC
derived exosomes (ADSC-exosomes) could inhibit the activation of microglia cells and prevent neuroin-
flammation. We found that ADSC-exosomes could inhibit the activation of microglia cells by suppressing NF-kB
and MAPK pathway. Production of inflammatory factors in lipopolysaccharide-stimulated microglia cells de-
creased significantly when pretreated with ADSC-exosomes. Furthermore, ADSC-exosomes could decrease the
cytotoxicity of activated microglia. These results revealed that ADSC-exosomes might be a promising strategy for
the therapy of neural injury.

1. Introduction

Large amount of neuronal cell death is a main event after brain
injury such as intracerebral hemorrhage (Liu et al., 2019), cerebral
ischemia (El et al., 2019), and trauma (Aubrecht et al., 2018), which is
harmful for the disease progression and prognosis. Suppressing neu-
ronal cell death greatly reduced brain injury (Aubrecht et al., 2018).

It was reported that neuroinflammation was a major factor for
secondary insult after brain injury (Kumar et al., 2019). Microglia cells
are resident innate immune cells in central nervous system and play
important role in neuroinflammation. Cell debris produced by brain
injury activated microglia cells and the later secreted large amount of
inflammatory factors, which caused secondary injury to surrounding
cells (Helmy et al., 2011; D'Avila et al., 2012; Hassani et al., 2012).
Previous study has proved that suppressing excessive microglia acti-
vation could protect neuronal cells from injury (Ni et al., 2019).

Adipose-derived stem cell (ADSC) is a kind of adult stem cell iso-
lated from adipose tissue. Many studies have shown that ADSC trans-
plantation was an effective therapy for tissue repair and regeneration
(Zhao et al., 2017; Bruun et al., 2018; Gadelkarim et al., 2018;
Lauritano et al., 2018; Hassanshahi et al., 2019). However, different
from the initial concept that ADSC promoted tissue recovery by repla-
cing lost tissues, more and more recent evidences suggested that ADSC

participated in tissue repair by secreting factors such as vascular en-
dothelial growth factor (VEGF), hepatocyte growth factor (HGF), in-
sulin-like growth factor (IGF), basic fibroblast growth factor (bFGF)
(Liang et al., 2014). Exosomes are extracellular microvesicles that se-
creted by almost all type of cells, they carried large number of bioactive
molecules including RNA, protein, lipids, which produced by original
cells and mediated communications between cells (Wu et al., 2018). It
was reported that ADSC derived exosomes (ADSC-exosomes) had si-
milar effect on immunoregulation as ADSC (Doeppner et al., 2015),
which meant that exosomes may possess the biological functions of
original cells. Thus, we proposed that ADSC-exosomes could inhibit the
inflammatory responce mediated by microglia activation and reduced
neuronal cell death caused by inflammatory factors derived from acti-
vated microglia cells.

In this study, ADSCs were isolated from adult SD rat donor and
amplified for several passages before use. ADSC-exosomes were purified
from cell culture supernatant through ultracentrifugation.
Lipopolysaccharide (LPS) stimulated BV2 cells (a microglia cell line)
were used as cell model to mimic neuroinflammation. To identify the
function of ADSC-exosomes on BV2 activation, ADSC-exosomes were
cocultured with LPS-stimulated BV2 cells, RNA, protein and cell su-
pernatant were collected 6 h later. The production of inflammatory
factors were detected. Then, the supernatant of BV2 cells after different
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treatment were collected and cocultured with human neuroblastoma
cell line SH-SY5Y, cell viability was measured to detect the neural in-
jury. Finally, the activation of NF-kB and MAPK pathway, two im-
portant signal pathways in inflammation was examined and mechan-
isms were investigated.

2. Materials and methods

2.1. Cell culture

The murine microglia cell line BV-2 and human neuroblastoma cell
line SH-SY5Y were purchased from the Cell Resource Center, Peking
Union Medical College (which is the headquarters of National
Infrastructure of Cell Line Resource, NSTI). Both cell lines were cultured
in dulbecco's modified eagle's medium (DMEM) (Gibco, Grand island,
NY, USA) supplemented with 10% fetal bovine serum (FBS) (Hyclone,
South America) at 37 °C with 5% CO2 saturation. Passages were per-
formed every three days at a ratio of 1:3–6 for BV2 and 1:3 for SH-
SY5Y. To induce the activation of BV2 cells, 25 ng/ml LPS was added to
the culture medium and incubated for 6 h. To explore the effect of
ADSC-exosomes on BV2 activation, BV2 cells were cocultured with
ADSC-exosomes for 2 h before incubated with 25 ng/ml LPS (Sigma-
Aldrich, Shanghai, China) for 6 h. Total RNA, protein and cell super-
natant were collected for the following detection.

2.2. Isolation and culture of adipose-derived stem cell (ADSC)

All experiments were approved by the animal ethic committee of
capital university of medical sciences. SD rats (8-12W) were provided
by beijing vital river laboratory animal technology Co., Ltd. Fat tissues
in the inguinal region were used for the isolation of ADSC according to
a previously described method with small modification (Zhang et al.,
2014). Briefly, aseptically harvested fat tissues were washed in phos-
phate buffered solution (PBS) for three times and finely minced. Then,
the fat tissues were digested with 1% collagenase type Iat 37 °C in a
shaker. 40min later, the digested tissues were filtered through a 70 μm
filter and centrifuged at 1500 rpm for 10min, after being washed for
another two times, the pellet was resuspended in complete medium
(DMEM containing 10% FBS and 100 U/ml penicillin/streptomycin)
and plated in 10 cm cell culture dishes, the medium was replaced every
2–3 days. Passages were performed when cells were 80–90% con-
fluence.

2.3. Characterization of surface markers of ADSC by flow cytometry

Specific surface markers expressed in rat ADSC were detected by
flow cytometry. Briefly, ADSCs were detached and collected by cen-
trifuging at 1200 rpm for 5min. Total cell number was counted and
then transfered to new tubes (106 cells/tube), all cells were incubated
with the following antibodies against CD45-eFluor450, CD31-
eFluor660, CD90-FITC, CD29-FITC. Isotype control staining was per-
formed using mouse-IgG1 kappa eFluor450, mouse-IgG1 kappa
eFluor660, mouse-IgG2a kappa FITC and armenian Hamster-IgG FITC
(all from Thermo Fisher scientific, San Diego, CA) in the dark at 4 °C for
30min. Then, cells were washed twice in PBS. Samples were detected
using BD canto II flow cytometer and analyzed by FlowJo software.

2.4. Multi-potential differentiation of rat ADSC

For adipogenesis, ADSCs were seeded in 24 well-plate at a density of
2× 104 cells/cm2, when cells were 100% confluence, medium was
changed into adipogenesis medium A (Cyagen, Guangzhou, China)
(Medium A contains 175ml basic medium A, 20ml FBS, 2ml gluta-
mine, 2 ml penicillin-streptomycin, 400 μl linsulin, 200 μl 3-isobuty-1-
methylxanthine, 200 μl rosiglitazone and 200 μl dexamethasone).
3 days later, medium A was changed into medium B (Cyagen,

Guangzhou, China) (Medium B contains 175ml basic medium B, 20ml
FBS, 2ml penicillin-streptomycin, 2 ml glutamine and 400 μl insulin)
and cultured for 24 h, then, medium was changed back to medium A.
After 3–5 cycles, cells were cultured in medium B for additional
4–7 days, and intracellular lipid accumulation was observed by staining
with Oil red O (Sigma-Aldrich, Shanghai, China).

For osteogenic differentiation, ADSCs were plated in 0.1% gelatin-
coated 24 well-plate at a density of 2×104 cells/cm2. When cells were
60–70% confluence, culture medium was changed into osteogenic dif-
ferentiation medium (Cyagen, Guangzhou, China) (Osteogenic differ-
entiation medium contains 175ml basic medium, 20ml FBS, 2ml pe-
nicillin-streptomycin, 2 ml glutamine, 400 μl ascorbate, 2 ml β-
Glycerophosphate and 20 μl dexamethasone) and replaced every
2–3 days, after 14–28 days, osteogenesis potential was characterized by
alizarin red (Cyagen, Guangzhou, China) staining.

For chondrogenic differentiation, ADSCs were detached and col-
lected by centrifuging at 1200 rpm for 5min, 5×105 cells were re-
suspended in chondrogenic differentiation medium (Cyagen,
guangzhou, China) (Chondrogenic differentiation medium contains
194ml basic medium, 600 μl ascorbic acid, 20 μl dexamethasone, 2ml
insulin-tranferrin‑selenium (ITS) supplement, 2 ml TGF-β3, 200 μl
proline and 200 μl sodium pyruvate) and transfer into a polypropylene
tube, cells were centrifuged at 1200 rpm for 5min again to form cell
pellet, which was benefit for chondrogenesis. Cell pellets were cultured
in tubes with loose caps at 37 °C, medium was changed every 2–3 days.
Chondrogenic pellets were harvested after 14–28 days' culture and de-
tected by alcian blue (Cyagen, Guangzhou, China) staining.

2.5. Isolation and identification of rat ADSC-exosomes

2.5.1. Isolation of rat ADSC-exosomes
Exosomes were extracted from the supernatant of rat ADSCs by

ultracentrifugation. First, when reached 70–80% confluence, ADSCs at
passage 3–5 were cultured in DMEM supplement with 10% exosome-
free FBS (exosome-free FBS was obtained by ultracentrifuged at
100000 g for 16 h) for another 48 h before harvesting the medium.
Second, the supernatant was centrifuged at 500 g for 10min followed
by 12,000 g for 20min at 4 °C to remove cell debris and apoptosis
bodies. Then the medium was filtered through a 0.22 μm filter. Finally,
exosomes in the culture medium were isolated by ultracentrifuging at
100000 g for 70min. Pellet was resuspended in PBS and kept in −80 °C
for long term storage.

2.5.2. The internalization of ADSC-exosomes by BV2 cells
To detect the internalization of ADSC-exosomes by BV2 cells, ADSC-

exosomes were resuspended with PBS containing 5 μM DiI (Sigma-
Aldrich, Shanghai, China) and incubated for 15min at 37 °C, excess dye
was neutralized with 1ml 5% BSA and washed by ultracentrifugation.
DiI-labeled ADSC-exosomes were cocultured with BV2 cells for 24 h.
Cells were fixed with 4% paraformaldehyde and counterstained with
DAPI (Sigma-Aldrich, Shanghai, China), then samples were observed
and images were taken under a confocal microscope (Leika,Germany).

2.5.3. Transmission electron microscopy detection of rat ADSC-exosomes
ADSC-exosomes were fixed with 2% paraformaldehyde and 2%

glutaraldehyde, then samples were absorbed onto a carbon-coated
copper grid and negative stained with 2% uranyl acetate for examina-
tion using a TEM (JEM-1400 plus; JEOL Ltd., Japan) at 80 kV.

2.5.4. Nanopartical tracking analysis (NTA)
To analyze the size distribution of ADSC-exosomes, ADSC-exosomes

were resuspended in PBS and analyzed using zetaview (particle metrix,
Germany). Diameter of particles were analyzed using ZetaView 8.04.02
software.
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2.6. RNA isolation and quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA was extracted using TRIzol reagent (Thermo Fisher
Scientific, Carlsbad, CA, USA) and treated with DNase I (Transgen
Biotech, Beijing, China). First-strand cDNA was synthesized with 1 μg
total RNA in 20 μl using a TransScript First-Strand cDNA Synthesis
SuperMix (Transgen Biotech, Beijing, China) according to the manu-
facturer's instruction. Quantitative real-time polymerase chain reaction
(qPCR) analysis was performed in triplicate using SYBR Premix Ex Taq
II (Takara, Dalian, China), and gene expression was detected using
LightCycler 480 II (Roche, mannheim, Germany). The thermal para-
meters were 95 °C for 30s, followed by 40 cycles of 95 °C for 5 s and
60 °C for 30 s, then, 95 °C for 5 s and 50 °C for 30 s. Gene expression
level was normalized by GAPDH housekeeping gene expression. The
primer sequences used in our study were listed in Table 1.

2.7. Enzyme-linked immunosorbent assay (ELISA)

To detect the concentration of inflammatory factors secreted by BV2
cells, culture medium was collected, the secretion of tumor necrosis
factor alpha (TNF-α) and interleukin 6 (IL-6) were assayed by enzyme-
linked immunosorbent assay kits according to the manufacturer's in-
structions (R&D system, minneapolis, USA).

2.8. Cell viability detection

To compare the effect of BV2 condition medium in different group
on SH-SY5Y, SH-SY5Y were cultured in cell supernatant of BV2 cells
and cell viability was determined by cell counting kit 8 (CCK8) assay
(KeyGEN BioTECH, Nanjing, China). Briefly, SH-SY5Y cells were seeded
in 96 well plate at 20000 cell per well and cultured in cell culture su-
pernatant of BV2 cells from different groups for 24 h. Then CCK8 was
added and incubated for 2 h. Optical density (OD) was measured at
450 nm using a microplate reader (Thermo scientific, USA). Cell via-
bility was showed as OD and presented as mean ± SD. Cell number in
BV2 group without any treatment was regarded as control group, viable
cell rate was caculated according to the following formula: viable cell
rate= (OD(experiment group)-OD(background))/(OD(control group)-
OD(background)) × 100%.

2.9. Western blot analysis

Western blot was performed to detect the expression of exosomal
markers and the activation state of NF-kB and MAPK signal pathway.
Briefly, ADSC-exosomes or BV2 cells treated with LPS or LPS+ADSC-
exosomes for 0, 15min, 30min and 1 h were collected and lysed with
RIPA buffer (Beyotime, Beijing, China), after centrifuged at 12000 rpm
for 30min at 4 °C, the supernatant were collected for quantification
using BCA detection kit (Beyotime, Beijing, China). Then, samples were
separated with 10% SDS-PAGE (Beyotime, Beijing, China) and proteins
were transferred to PVDF membrane (Millipore, Germany). The mem-
brane was blocked with 5% non-fat milk for 1 h and incubated with
primary antibodies overnight at 4 °C, followed by incubation of corre-
sponding horseradish peroxidase-conjugated secondary antibodies for

1 h at room temperature. The protein expression was colored with ECL
substrate (Millipore, Germany) and detected with a BG-gdsAUTO710
Mini chemiluminescence imaging system (BAYGENE, Beijing, China).
The following primary antibodies were used: rabbit anti-P44/42 MAPK
(ERK1/2), anti-phospho-P44/42 MAPK (p-ERK1/2), anti-JNK, anti-
phospho-SAPK/JNK (p-JNK), anti-NF-kB P65 (P65), anti-phospho-NF-
kB P65 (p-P65), anti-P38 MAPK (P38), anti-phospho-P38 MAPK (p-
P38), mouse anti-β-actin (Cell Signaling Technology, Shanghai, China),
anti-CD63 (Santa cruz, Shanghai, China), anti-CD9 (Abcam, Cambridge,
MA, USA), anti-TSG101 (Abcam, Cambridge, MA, USA). Secondary
antibodies were horseradish peroxidase-conjugated goat anti-rabbit IgG
(H+ L), horseradish peroxidase-conjugated goat anti-mouse IgG
(H+ L) (Zhongshanjinqiao, Beijing, China).

2.10. Statistical analysis

All experiments were performed three times. Data were presented as
mean ± SD. Statistical significance was tested by two-tailed Student's
t-test using SPSS statistics 17.0. A value of P < 0.05 was considered
statistically significant (indicated by “*”).

3. Results

3.1. Characterization of rat ADSCs

After 24 h in culture, primary ADSCs adhered to the culture dishes.
These cells proliferated rapidly and grew as clonies, most of cells dis-
played typical spindle-shaped cell body. After the first dissociation,
passage was performed every other day. After 2–3 passages, all cells
exhibited a uniform fibroblast-like morphology (Fig. 1A). All ADSCs
were positive for CD90 and CD29, but negative for CD31 and CD45
(Fig. 1B). When cultured in differentiation condition for adipogenesis,
osteogenesis and chondrogenesis for 2–4weeks, ADSCs could differ-
entiate into adipocytes, osteocytes and chondrocytes, which confirmed
by oil red, alizarin red and alcian blue staining respectively (Fig. 1C).
Thus, cells isolated from adipose tissues in our study possessed the
characteristics of ADSCs.

3.2. Identification of ADSC-exosomes

ADSC-exosomes presented as round particals with typical cup-shape
morphology when observed by electron microscopy (Fig. 2A). Nano
tracking analysis (NTA) showed that ADSC-exosomes had a vesicle
diameter ranging from 30 to 150 nm(Fig. 2B). Exosomal markers were
also detected by western blot analysis, which showed that exosomes
expressed CD9, CD63 and TSG101 (Fig. 2C). After incubated in medium
contained DiI-labeled exosomes for 24 h, strong red fluorescence was
detected around the nucleus of BV2 cells (Fig. 2D), which meant that
exosomes could enter into BV2 cells and be internalized.

3.3. ADSC-exosomes suppressed the activation of LPS-stimulated BV2 cells

Microglia are major immune cells in nervous system and played
important role in neuroinflammation, once being activated, microglia
cells could secret several kinds of inflammatory factors such as IL-1β,
IL-6, TNF-α and so on (Jaimes et al., 2017). Here, we detected the
function of ADSC-exosomes on microglia activation. BV2 cells exposed
to LPS were used as cell model of micorglia activation. All cells cultured
in DMEM containing 10% FBS were divided into 4 groups: control
group (BV2 cells without treatment), exosomes group (BV2 cells in-
cubated with 50 μg/ml ADSC-exosomes), LPS group (BV2 cells treated
with 25 ng/ml LPS), LPS+ exosomes group (BV2 cells were pretreated
with 50 μg/ml ADSC-exosomes for 2 h and then treated with 25 ng/ml
LPS for another 6 h). Total RNA and cell supernatant were collected for
the following detection. Expression of genes encoding inflammatory
factors IL-1β, IL-6, TNF-α, iNOS and Cox2 were evaluated by

Table 1
Primer information.

Gene Forward Reverse

IL-1β GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
TNF-α ACCCTCACACTCACAAACCAC ACAAGGTACAACCCATCGGC
iNOS TCCCTTCCGAAGTTTCTGGC CTCTCTTGCGGACCATCTCC
COX-2 TGGGGGAAGAAATGTGCCAA AGAAGCGTTTGCGGTACTCA
GAPDH GGAGAGTGTTTCCTCGTCCC ACTGTGCCGTTGAATTTGCC

N. Feng, et al. Journal of Neuroimmunology 334 (2019) 576996

3



quantitative real-time PCR. ELISA was used to detect the secretion of
inflammatory factors TNF-α and IL-6 in cell supernatant. We found that
gene expression of IL-1β, IL-6, TNF-α, iNOS and Cox2 in BV2 cells in-
creased significantly after exposed to LPS. However, the gene expres-
sion of inflammatory factors in BV2 cells were much lower in
LPS+ exosomes group than LPS group. No difference was observed
between BV2 cells (control group) and BV2 cells treated with ADSC-
exosomes only (exosomes group) (Fig. 3A). Similar with gene tran-
scription, the secretion of IL-6 and TNF-α in cell supernatant also in-
creased after LPS exposure. However, compared with LPS group, lower
concentration of IL-6 and TNF-α was detected in LPS+ exosomes
group, that was 310.81 ± 5.24 pg/ml and 100.81 ± 2.86 pg/ml for
IL-6, 1859.39 ± 10.87 pg/ml and 1212.91 ± 65.42 pg/ml for TNF-α
respectively (Fig. 3B).

3.4. ADSC-exosomes decreased the toxicity of LPS-exposed BV2 cells

It was reported that over-activated microglia cells could secret large
amount of inflammatory factors which were toxic to surrounding cells
(Block et al., 2005). Suppressing the activation of microglia cells could
protect cells from injury (Hsuan et al., 2016). To further determine the
influence of ADSC-exosomes on the toxicity of activated BV2 cells, we
detected the cytotoxic effect of cell supernatant of BV2 cells on the

survival of SH-SY5Y cells. SH-SY5Y cells were cultured in cell super-
natant of BV2 cells from four groups mentioned above. 24 h later, we
observed that cells were prone to reteacted and turned round in exo-
somes group, LPS group and LPS+ exosomes group. Compared to
control group and exosomes group, there was a significant decrease of
cell number in LPS and LPS+ exosomes group, lot of dead cells and cell
debris were found in LPS group, and most of viable cells turned round.
Compared to LPS group, there were fewer dead cells and more viable
cells in LPS+ exosomes group (Fig. 4A). CCK8 was added into culture
medium and optical density (OD) was measured in each group. We
found that, similar with the observation under microscope, decreased
cell viability were observed in both LPS and LPS+ exosomes group.
Compared to LPS group, cell viability in LPS+ exosomes group was
much higher, that meant less cytotoxicity. No difference was detected
between control and exosomes group (Fig. 4B). Cell supernatant of
activated BV2 cells was less cytotoxic in the presence of exosomes, may
be because of that exosomes suppressed the activation of BV2 cells and
inhibited the expression and protein secretion of inflammatory factors
which were toxic to neural cells.

Fig. 1. Identification of rat adipose-derived stem cell (ADSC) (bar= 50 μm). (A) ADSC at the third passage exhibited a fibroblast-like morphology. (B) Detection of
the specific markers of ADSCs by flow cytometry showed that ADSCs were positive for CD90 and CD29, negative for CD31 and CD45. (C) Multi-differentiation
potential of ADSCs. (a-b) 2 weeks after cultured in adipogenesis medium, ADSCs differentiated into adipocytes which contained large amount of oil-red O positive
lipid droplets. (c-d) ADSCs could differentiate into osteoblast cells and formed mineralzation nodes which could be stained by alizarin red. (e-f) when cultured in
chondrogenesis medium, ADSCs aggregated and differentiated into alcian blue positive chondrocytes. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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3.5. ADSC-exosomes inhibited neuroinflammation by suppressing NF-kB
and MAPK signal pathway

To investigate the potential mechanism by which ADSC-exosomes
inhibited neural injury, we detected the activation of NF-kB and MAPK
signal pathway, two important pathways for inflammatory reaction, by
western blot analysis. It was reported that NF-kB and MAPK signal
pathway modulated the gene expression of proinflammatory cytokines
such as IL-1β, TNF-α and IL-6 (Jaimes et al., 2017; Li et al., 2018a;
Wang and Han, 2018). To determine the influence of ADSC-exosomes
on the activation of NF-kB and MAPK signal pathway, BV2 cells were
divided into 7 groups: control group (BV2 cells without any treatment),
LPS 15min group (BV2 cells treated with 25 ng/ml LPS for 15min),
LPS+ E 15min group (BV2 cells pretreated with ADSC-exosomes for
2 h and then treated with 25 ng/ml LPS for 15min), LPS 30min group
(BV2 cells treated with 25 ng/ml LPS for 30min), LPS+E 30min
group (BV2 cells pretreated with ADSC-exosomes for 2 h and then
treated with 25 ng/ml LPS for 30min), LPS 1 h group (BV2 cells treated
with 25 ng/ml LPS for 1 h), LPS+E 1 h group (BV2 cells pretreated
with ADSC-exosomes for 2 h and then treated with 25 ng/ml LPS for
1 h), proteins were collected in each group and the expression of NF-kB
P65, phosphorylated P65 (p-P65), ERK, phosphorylated ERK (p-ERK),
JNK, phosphorylated JNK (p-JNK), P38, phosphorylated P38 (p-P38)
were detected by western blot analysis. We observed that, after LPS
exposure, the phosphorylation of NF-kB P65 (p-P65, an important
molecule in NF-kB pathway) and ERK, JNK, P38 (three subgroups of
MAPK signal pathway) increased significantly and reached to the peak
at different time, which meant that NF-kB and MAPK signal pathway
were all activated and taken part in the activation of BV2 after LPS
treatment. The phosphorylation of P65 and ERK increased immediately
after exposed to LPS for 15min, phosphorylation of JNK also increased
after 15min stimulation by LPS and reached to peak at 30min. Dif-
ferently, phosphorylation of P38 begin to increase after 30min LPS-
exposure and then declined gradually as time extended. Furthermore,
we found that the phosphorylation of P65, ERK, JNK and P38 was lower

in LPS+E group after exposed to LPS for 15min or 30min (Fig. 5).
Obviously, ADSC-exosomes could suppress the activation of NF-kB and
MAPK signal pathway, and consequently influenced the transcription of
genes downstream such as IL-1β, IL-6, TNF-α, iNOS and Cox2.

4. Discussion

Microglia cells are important immune cells in central nervous
system. However, excessive or constant activation of microglia was one
of the main factor leading to neural injury (Kumar et al., 2019; Lee
et al., 2019), which is bad for recovery of injury. In this study, we found
that ADSC-exosomes could suppress the activation of BV2 cells by de-
creasing the activation of NF-kB and MAPK signal pathway, thus atte-
nuated gene expression and protein secretion of inflammatory factors
such as TNF-α, IL-6, IL-1β, iNOs and Cox2, and protected neural cells
from injury caused by inflammatory factors derived from activated BV2
cells.

Neuroinflammation is a reply against various stimulus and harmful
molecules in the process of neural injury, and It has been considered as
a critical mechanism responsible for acute and chronic neural diseases
or neural injury, such as traumatic brain injury (Ni et al., 2019), cer-
ebral ischemia/reperfusion (Xu et al., 2018) and neurodegenerative
diseases (Calsolaro et al., 2016). Microglia are resident macrophages in
central nervous system and mainly function on monitoring the health
state of central nervous system (Waisman et al., 2015). It was con-
sidered that microglia were highly related with neuroinflammation of
central nervous system. In healthy central nervous system, microglia
kept “resting” state and was mainly responsible for maintainance of
homeostasis by removing debris and apoptotic cells (Nimmerjahn et al.,
2005; Koizumi et al., 2007; Sierra et al., 2010). Once the homeostasis of
neural microenviroment was broken by neural injury or neurodegen-
erative diseases, microglia were exposed to various stimulus and being
activated, modest activation of microglia was helpful for tissue repair
(Davalos et al., 2005; Nimmerjahn et al., 2005), however, excessive and
prolonged activation may cause serious neuroinflammation which

Fig. 2. Identification of ADSC-exosomes. (A) ADSC-exosome was round vesicle with typical cup-shape morphology by transmission electron microscopy analysis
(bar= 100 nm). (B) Size distribution was measured by zetaview, ADSC-exosomes had a vesicle diameter ranging from 30 to 150 nm. (C) Western blot analysis
showed that ADSC-exosomes expressed CD9, CD63, TSG101. (D) By confocal microscope imaging, we observed that Dil-labeled exosomes (red) could enter into BV2
cells and mainly localized around the nucleus(blue) (DAPI stained) (bar= 10 μm). (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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could be cytotoxic and harmful to neighboring cells, and promoted the
apoptosis of neural cells, all these caused secondary brain injury
(Atangana et al., 2017; Li et al., 2018c), which was closely related with
the prognosis of brain injury. Preventing the activation of microglia
greatly decreased the concentration of inflammatory factors in micro-
enviroment and improved cell viability (Wu et al., 2017; Atangana
et al., 2017; Li et al., 2018a). In this study, we also observed that ac-
tivated microglia secreted inflammatory factors and promoted the
apoptosis of neural cells, while decreased expression of inflammatory
factors greatly alleviated neural death, which was similar with previous
report (Wu et al., 2017). Thus, inhibition of microglia induced neu-
roinflammation may be benificial for prevention and therapy for neural
injury or degenerative disease caused by neuroinflammation.

Adipose-derived stem cells have been widely used in experimental
and preclinical studies and became a promising seed cells of stem cell-
based therapy, it was effective in the treatment of various tissue injury
or diseases, such as cerebral ischemic injury (Liu et al., 2014), cardio-
vascular disease (Bruun et al., 2018), graft versus host disease (Fang
et al., 2007). It was verified that transplanted ADSC could home to the
injury area and replace the host tissues or modulate immune responce
(Tajiri et al., 2014). However, in recent years, more and more evidences
suggested that the therapeutic effect of ADSC mainly derived from the
paracrine factors. The extracellular vesicles were reported to have the
main functions in delivering paracrine factors or other bioactive in-
formations between cells (Yang et al., 2018; Li et al., 2018b; Lee et al.,

2018; Pan et al., 2019). Exosomes are a kind of endosome-derived ex-
tracellular vesicles secreted by almost all type of living cells, 30-150 nm
in diameter (Pedersen et al., 2017). They contained information of
protein, RNA and lipids from original cells and played important role in
cell-cell communication (Lener et al., 2015). After being secreted into
extracellular space, exosomes delivered cargos to other cells and altered
the function of target cells. There was evidence showed that ADSC-
derived exosomes exerted therapeutic effects as ADSC in treating Alz-
heimer's disease (Ma et al., 2013; Lee et al., 2018). Others also observed
that exosomes could pass through the blood brain barrier (BBB), enter
into injury area and participate in neurogenesis, angiogenesis and
regulate the immune responce to improve the microenviroment of in-
jury area, all of these promoted the recovery of brain injury (Yang et al.,
2017; Han et al., 2018; Ni et al., 2019). Here, we found that ADSC-
exosomes greatly suppressed the activation NF-kB and MAPK signal
pathway in LPS-stimulated BV2 cells and prevented the secretion of
inflammatory factors consequently, all of these decreased the toxicity of
activated BV2 and protected neural cells from injury. Interestingly, the
pretreatment of exosomes have no effect on BV2 cells and didn't acti-
vate BV2 cells, as we didn't detect the increased gene transcription and
protein secretion of inflammatory factors. This led to the explanation
that exosomes only functioned in the process of BV2 activation and
have no influence for the “resting state” of microglia cells, that meant
fewer side effects.

Though the molecule mechanisms of the effect exert by ADSC-

Fig. 3. ADSC-exosomes suppressed LPS-induced ac-
tivation of BV2 cells. (A) qRT-PCR detection showed
that ADSC-exosomes inhibited the increase of gene
expression of IL-1β, IL-6, TNF-α, iNOS and Cox2 in
LPS-exposed BV2. (B) Compared to LPS group, there
were less IL-6 and TNF-α in cell supernatant of BV2
cells in LPS+ exosomes group. Control group (BV2
cells without treatment), exosomes group (BV2 cells
incubated with ADSC-exosomes), LPS group (BV2
cell treated with 25 ng/ml LPS), LPS+ exosomes
group (BV2 cells were pretreated with 50 μg/ml
ADSC-exosomes for 2 h and then treated with 25 ng/
ml LPS for another 6 h) (*P < 0.05).
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exosomes needs further investigation owing to its complex components,
ADSC-exosomes are still considered as the promising substitute for
ADSC as a novel cell-free therapeutic strategy in disease therapy,
especially for brain injury and neurodegenerative diseases. Compare to
ADSC transplantation in the repair of brain injury, ADSC-exosomes
have several advantages. First, ADSC-exosomes are convenient to store
and use. ADSC-exosomes can be prepared as product, stored in low
tempreture and used when needed. Second, it is efficient to use ADSC-
exosomes than ADSC in the early stage of injury. It was reported that
there were low survival rate of transplanted cells because of the toxic
inflammatory and hypoxic microenviroment in the early stage of the
injury (Lv et al., 2017a; Zhang et al., 2017; Lv et al., 2017b), which
greatly decreased the effect of transplantation. By contrast，exosomes
were much stable in the microenviroment of injuried area due to their
protective lipid bilayer, and can deliver cargos into target cells directly
to promote tissue recovery (Ratajczak et al., 2006; Peinado et al., 2012;
Hoshino et al., 2015; Tominaga et al., 2015). Third, ADSC-exosomes
can be modified. Molecule such as miRNA, shRNA which were benifit
for tissue repair could be loaded into exosomes and delivered into
target cells to promote tissue repair (Wang et al., 2018; Yang et al.,
2019).

Though have many advantages, it is the begining and still have a

long way to go before ADSC-exosomes applied in tissue repair.
However, there remained several questions, such as, what is the mo-
lecule mechanisms they effect? How to define the effectual dosage of
ADSC-exosomes used in disease therapy and how to monitor the
quality? How to keep consistency and stability of ADSC-exosomes be-
tween batches, between different labs during preparation, and how to
supervise? All of these need further investigation.
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