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Background: Asthma is a chronic inflammatory disease featured by inflammation and
remodeling of airway. Adipose-derived mesenchymal stem cell (ADSCs)-derived exosomal
miRNAs have been suggested as promising therapeutic manners for diseases.
Methods: ADSCs and airway smooth muscle cells (ASMCs) were isolated from SD rats.
Flow cytometry was conducted to detect the surface biomarkers of isolated cells. Exosomes
were extracted by sequentially centrifuge method and identified by Western blotting and
nanoparticle tracking analysis (NTA). Uptake of exosomes by ASMCs was detected by
confocal assay. ASMCs were treated with platelet-derived growth factor-BB (PDGF-BB)
to mimic cell remodeling and inflammation. Cell counting 8 (CCK-8), Transwell, and flow
cytometry were performed to determine the viability, migration, and apoptosis of ASMCs.
Release of inflammatory factors was detected by enzyme-linked immunosorbent assay
(ELISA). Levels of RNAs and proteins were measured by quantitative reverse transcription
polymerase chain reaction (qRT-PCR) assay. Interaction between miR-301a-3p and signal
transducer and activator of transcription 3 (STAT3) was determined by luciferase reporter
gene assay. The effect of Exosomal miR-301a-3p was analyzed in ovalbumin (OVA)-induced
asthma mouse model.
Results: ADSCs-derived exosomes could be effectively internalized by ASMCs. Exosomal
miR-301a-3p notably suppressed the PDGF-BB-stimulated proliferation and migration of
ASMCs, and enhanced apoptosis, as well as decreased the secretion of inflammatory factors.
MiR-301a-3p directly targeted the 3ʹUTR region of STAT3. STAT3 overexpression reversed
the suppressive effects of exosomal miR-301a-3p on ASMCs under PDGF-BB stimulation.
The expression of miR-301a-3p and STAT3 was negative correlation in specimen from
patients with asthma. Exosomal miR-301a-3p inhibited OVA-induced lung injury by target-
ing STAT3 in mice.
Conclusion: This study exposed that exosomal miR-301a-3p from ADSCs could effectively
alleviate PDGF-BB-stimulated remodeling and inflammation of ASMCs via targeting
STAT3, presented ADSCs-derived exosomal miR-301a-3p as a promising therapeutic
approach for asthma.
Keywords: asthma, mesenchymal stem cell, exosome, miR-301a-3p, STAT3

Introduction
Asthma is a chronic inflammatory disease of respiratory system, which bothers the
normal life of around 5% adults and 10% children, and presents an increasing
incidence worldwide.1–3 Asthma is featured by allergic remodeling, inflammation,
and hyperresponsiveness in airway.4,5 A thorough understanding of the mechanisms
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involved in these processes is hence of great importance
for therapy of asthma. Recent studies have suggested the
critical role of airway smooth muscle cells (ASMCs) dur-
ing progression of asthma.6–8 ASMCs are the major com-
ponent of airway, and are closely correlated with airway
remodeling and inflammatory responses during asthma,
manifested by abnormal levels of cytokines such as plate-
let-derived growth factor (PDGF).9,10 As an important
member of PDGF, PDGF-BB has been widely suggested
to stimulate the remodeling of airway via promoting pro-
liferation and migration of ASMCs.11 Therefore, amelior-
ating PDGF-BB-induced airway inflammation and
remodeling may represent a potential therapeutic approach
for asthma.

Mesenchymal stem cells (MSCs) are a group of cells
commonly derived from bone marrow and some other
tissues such as adipose.12 Increasing number of evidences
have proved the great potential of MSCs for disease ther-
apy, owing to their low immunogenicity, ability of self-
renewal and differentiation.13 Recent studies even pro-
posed that MSCs are involved in immune regulation.13

The MSCs exhibit their functions through paracrine secre-
tion of various cytokines and chemokines or release of
extracellular vesicles.12 Exosomes belong to extracellular
vesicles and are capable of delivering mRNA, proteins,
lipid, as well as microRNAs (miRNAs).14 Adipose-
derived mesenchymal stem cells (ADSCs) are also capable
of secreting exosomes to facilitates cell communication
and various cell functions.15–17 For example, ADSCs-
derived exosomal miR-181-5p suppresses autophagy of
hepatic stellate cells and attenuated cell injury during
liver fibrosis.18 MiR-301a-3p is a recently reported
miRNA that is highly expressed in exosomes-derived
from hypoxic pancreatic cells, and causes the M2 polar-
ization of macrophages through regulating the PI3K
signaling.19 Exosomal miR-301a-3p is also involved in
the progression and metastasis of gastric cancer.20 Yet,
the role of exosomal miR-301a-3p in asthma is still
unclear.

Signal transducer and activator of transcription 3
(STAT3) is an important transcriptional factor involved
in the development and mature of vertebrate tissues, as
well as controlling inflammatory response and immunity.21

Study on asthmatic mice model suggested that inhibition
of STAT3 activation was related with the reduction of IL-
17 and inflammation.22,23 Targeting STAT3 may be
a plausible method for asthma treatment.

This current study aims to decipher the role of ADSCs-
derived exosomal miR-301a-3p in the pathogenesis of
asthma. We discovered that ADSCs-derived exosomal
miR-301a-3p suppressed the PDGF-BB-induced prolifera-
tion and migration of ASMCs, through downregulating the
STAT3. These findings may shed light on the exploration
of novel treatment for asthma.

Materials and Methods
Clinical Specimen
Blood samples of patients with asthma (n=38) who hospi-
talized in First Affiliated Hospital of China Medical
University from December 2019 to August 2020 were
collected under the guidance and authorization of First
Affiliated Hospital of China Medical University. Blood
samples from healthy donors (n=38) were enrolled as
control. All participants have signed the written consents
before the study and were informed about the purpose of
the study. The studies involving human participants were
reviewed and approved by First Affiliated Hospital of
China Medical University, and were conducted in accor-
dance with the Declaration of Helsinki. The characteristics
of clinical samples were shown (Table S1).

Establishment of a Mouse Model with
Asthma
Male BALB/c mice (6–8 weeks old, 18–24 g) were treated
with ovalbumin (OVA, Sigma, A5503) to induce asthma.
In brief, 20 g complete Freund’ s adjuvant was emulsified
in 1mg aluminum hydroxide (Sigma, 239186), and then
administrated into each mouse at a total volume of 0.2 mL
on the 0, 7th, and 14th day through intraperitoneal injec-
tion to sensitize the mice to OVA. On the 15th day, each
mouse was exposed to 1% OVA aerosol for 1 hour for 7
days. Mice in the control group were treated with normal
saline instead. This study was carried out in accordance
with the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes of
Health. The protocol was approved by the Committee on
the Ethics of Animal Experiments of the First Affiliated
Hospital of China Medical University.

Isolation and Identification of ADSCs
ADSCs were isolated from the adipose tissue of healthy
SD rats following a standard process.38 Cells were cul-
tured in Dulbecco’s Modified Eagle’s medium (DMEM,
Hyclone, USA) supplemented with 10% fetal bovine
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serum (FBS, Hyclone, USA), 1% penicillin/streptomycin
(Thermo, China) and L-glutamine (2 mM, Thermo). To
identify the isolated ADSCs, we performed flow cytometry
to detect the representative cell surface markers, including
the CD31, CD45, CD90 and CD105. In brief, cells were
hatched with fluorescence-labelled antibodies the markers,
or IgG as negative control, followed by detection on FACS
Calibur (BD Biosciences, USA).

Isolation of ASMCs
The ASMCs were isolated using a previously described
protocol.39 In short, tracheas were obtained from healthy
rats after anesthetization and death. The epithelium fibrous
tissue was stripped, and remaining tissues were digested
with elastase IV and collagenase I for 30 minutes at 37°C.
After that, the digested ASMCs were obtained by centri-
fuge, and incubated in DMEM complete medium.

Isolation and Characterization of
Exosomes
The exosomes were isolated from the culture medium of
ADSCs using a standard sequentially centrifuge method,14

and suspended in PBS at a density of 1 mg/mL for follow-
ing experiments. Biomarkers of exosomes including CD63
and CD9 were detected by Western blotting assay. The
size distribution of exosomes was determined by using
Nanoparticle Tracking Analysis (NTA) on a Malvern’s
NanoSight (Germany).

Exosome Internalization
To observe the internalization of exosomes, we probed the
ADSCs-derived exosomes by DiLC18 (Sigma, USA) follow-
ing manufacturer’s instruction. In short, ADSCs were
hatched with DiL-labelled exosomes (DiL-exo) for 24
hours, then the nuclei were dyed by DAPI reagent (Sigma).
The ADSCs hatched with PBS were used as control. Images
were taken by Carl Zeiss confocal microscope (USA).

Cell Transfection
The miR-301a-3p mimics, inhibitors, and negative control
(NC), as well as STAT3 overexpressing plasmids pcDNA-
STAT3 (short as STAT3 OE) were purchased from
QIAGEN (USA). Lipofectamine 2000 (Invitrogen) was
adopted for cell transfection following manufacturer’s
instruction. In short, cells were seeded in 6-well plates,
incubated with a mixture of 5 μL Lipofectamine 2000 and
0.5 μg oligonucleotides for 48 hours.

Cell Viability and Apoptosis
To determine cell viability, ASMCs were administrated
with the cell counting kit-8 (CCK-8, Beyotime, China).
Briefly, cells transfected with indicated oligonucleotides
were placed in 96-well plates with 3000 cells in each
well and treated with PDGF-BB for 48 hours.
Subsequently, cells were disposed with CCK-8 reagent
(10 ul) for one hour in the cell culturing incubator.
Absorbance at 450 nm was measured by
a spectrophotometric detector (Thermo). Cell apoptosis
was evaluated by using an Annexin V/PI detection kit
(Beyotime) following manufacturer’s description.

Transwell Migration Assay
The migration ability of ASMCs was investigated by the
Transwell assay with Matrigel-coated chambers (Costar,
USA) with 8 μm pore size. After suggested treatment,
ASMCs suspension with FBS free DMEM (200 μL) was
placed in upper chamber, while the lower chamber was
added with complete DMEM. Cells were incubated for 48
hours at the 37°C incubator, followed by staining with
crystal violet for 20 minutes.

Western Blotting and ELISA
The total proteins were extracted from cells or exosomes by
homogenizing with RIPA lysis buffer (Sigma) added with
protease inhibitors (Sigma), and quantified by BCA method
(Beyotime). An equal amount of proteins were separated by
SDS-PAGE and shifted to PVDF membranes. Subsequently,
the interested proteins were probed by specific primary anti-
bodies against CD63, CD9, PCNA, MMP-9, and STAT3
overnight at 4°C. Next day, the protein bands were visualized
by corresponding secondary antibodies and an ECL solution
(Millipore, USA). All antibodies were obtained from Abcam
and used following the instructions. The levels of cytokine
released by ASMCs, including the tumor necrosis factor-α
(TNF-α), interleukin-1β (IL-1β), and IL-6, were detected by
Enzyme-linked immuno sorbent assay (ELISA) with com-
mercial kits brought from Thermo in line with the manufac-
turer’s protocols.

Real-Time PCR Assay
To quantify the levels of miR-301a-3p and STAT3 in
ASMCS, ADSCs and exosomes, total RNAs were extracted
by using Trizol reagent (Beyotime), reverse-transcribed to
cDNA by using Easy Script kit (TransGen, China), and
subjected to real-time PCR with a SYBR Green SuperMix
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kit (TransGen). The quantification of miR-301a-3p and
STAT3 was normalized to internal control β-actin and U6,
respectively. Primers were listed in Table S2.

Luciferase Reporter Gene Assay
TargetScan website was used for prediction of binding site
between miR-301a-3p and the 3ʹUTR region of STAT3. The
wild type (STAT3-WT) and mutated (STAT3-MUT)
sequences of 3ʹUTR region of STAT3 were cloned to pGL3
control vectors, and co-transfected with miR-301a-3p mimics
or negative control into ASMCs or 293T cells by using
Lipofectamine 2000. pRL-TK vectors were co-transfected
into cells as the internal control. Forty-eight hours after trans-
fection, cells were lysed and a dual-luciferase reporter system
(Promega, USA) was established to detect the luciferase
activity.

Statistical Analysis
All data were shown as means with standard deviation
(SD) of three replicates and analyzed by using a SPSS
19.0 software. The statistical analysis between two groups
or multiple groups was evaluated by two-tailed unpaired
Student’s t-test or the one-way ANOVA analysis followed
by a post hoc Tukey’s test. P<0.05 was set as standard of
statistical significance.

Results
ADSCs-Derived Exosomes Regulated
PDGF-BB-Stimulated Proliferation,
Migration, Apoptosis and Inflammatory
Responses of ASMCs
To investigate the functions of ADSCs-derived exosomes on
airway inflammation and remodeling, we extracted exo-
somes from ADSCs through a standard sequentially
centrifuge method, and defined their functions in a PDGF-
BB-stimulated cell model. We first isolated ADSCs from the
adipose of SD rats, verified by the negative expression of
endothelial biomarkers CD31 and CD45, and the positive
expression of mesenchymal stem cell markers CD90 and
CD105 (Figure 1A). The notably elevated protein levels of
CD63 and CD9 (Figure 1B), as well as the particle size
around 100 nm (Figure 1C), suggested the successful isola-
tion of exosomes from ADSCs. Besides, we testified the
ability of ASMCs to uptake the ADSCs-derived exosomes.
The appearance of DiL-labelled exosomes in plasma of
ASMCs comparing with the control cells indicated the effec-
tive internalization of exosomes (Figure 1D). We next

evaluated whether ADSCs-derived exosomes affect airway
remodeling and inflammation. PDGF-BB treatment notably
stimulated the proliferation (Figure 2A) and migration
(Figure 2B) of ASMCs, whereas administration of ADSCs-
derived exosomes effectively alleviated these functions of
PDGF-BB. Decreased expression of PCNA and MMP-9, the
biomarkers of cell proliferation and migration, also sup-
ported the suppressed cell viability and migration after treat-
ment of ADSCs-derived exosomes (Figure 2C and D).
ADSCs-derived exosomes also promoted the apoptosis of
ASMCs under stimulation of PDGF-BB (Figure 2E).
Furthermore, the upregulated levels of inflammatory factors,
including TNF-α, IL-1β and IL-6, in ASMCs by PDGF-BB
stimulation were notably decreased by the exosomes isolated
from ADSCs. Above results indicated that ADSCs-derived
exosomes played suppressive role during PDGF-BB-
stimulated inflammation and remodeling of ASMCs
(Figure 2F–H).

MiR-301a-3p Could Be Delivered from
ADSCs to ASMCs by Exosomes
We next tired to explore whether miR-301a-3p was
involved in the function of ADSCs-derived exosomes
on ASMCs against PDGF-BB stimulation. We treated
the extracted exosomes with RNase A with or without
Triton X100, and found that co-treatment of two agents
notably decreased the levels of miR-301a-3p comparing
with the control group, whereas RNase A alone did not
alter the level of miR-301a-3p (Figure 3A). This finding
suggested that there exists endogenous miR-301a-3p
wrapped by the exosomes derived from ADSCs.
Moreover, transfection with exogenous miR-301a-3p
mimics notably elevated the levels of miR-301a-3p in
both ADSCs and the secreted exosomes (Figure 3B).
Administration of exosomes from miR-301a-3p trans-
fected ADSCs also upregulated the level of miR-301a-
3p internalized by ASMCs (Figure 3C). Consistently,
transfection with miR-301a-3p inhibitors decreased the
levels of miR-301a-3p in ADSCs, the secreted exosomes
(Figure 3D), and ASMCs (Figure 3E). Noteworthy, ana-
lysis on blood samples collected from healthy donors and
patients with asthma revealed decreased level of miR-
301a-3p. These findings demonstrated that miR-301a-3p
could be delivered from ADSCs to ASMCs through exo-
somes, and may function as a diagnostic biomarker for
asthma (Figure 3F).
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Exosomal miR-301a-3p Regulated
PDGF-BB-Stimulated Proliferation,
Migration, Apoptosis and Inflammation of
ASMCs
Under the stimulation of PDGF-BB, exosomal miR-301a-
3p could notably reverse the elevated proliferation
(Figure 4A) and migration (Figure 4B and C) of
ASMCs, along with decreased expression of PCNA and
MMP-9 (Figure 4D). The suppressed apoptosis of
ASMCs under PDGF-BB stimulation could also be
remarkably relieved by exosomal miR-301a-3p
(Figure 4E). On the other hand, inflammatory response
caused by PDGF-BB stimulation was suppressed by exo-
somal miR-301a-3p, manifested by decreased release of
TNF-α, IL-1β and IL-6 (Figure 4F–H). These data
manifested that exosomal miR-301a-3p regulated PDGF-
BB-stimulated proliferation, migration, apoptosis and
inflammation of ASMCs.

MiR-301a-3p Regulated Functions of
ASMCs Through Interacting with STAT3
To elucidate the mechanism underlying the specific role
of exosomal miR-301a-3p in ASMCs, we conducted

target prediction via online website TargetScan and
spotted STAT3 as a potential target of miR-301a-3p
(Figure 5A). Next, we conducted luciferase reporter
assay to verify the direct interaction between miR-
301a-3p with the 3ʹUTR region of STAT3. As shown
in Figure 5B, transfection of miR-301a-3p mimics nota-
bly suppressed the luciferase activity of the reporter
gene plasmids containing wild-type STAT3 (WT) in
comparison with NC mimics transfection, whereas the
activity of mutated STAT3 reporter plasmids was not
significantly altered, in both ASMCs and 293T cells.
The efficacy of miR-301a-3p transfection was deter-
mined by qRT-PCR assay (Figure 5C). The mRNA
(Figure 5D) and protein (Figure 5E) levels of STAT3
were remarkably decreased after transfection with miR-
301a-3p mimics. Moreover, the expression of STAT3 in
specimen collected from patients with asthma was
notably higher than that of the normal control
(Figure 5F), and exhibited a negative correlation with
expression of miR-301a-3p (Figure 5G). Further
functional analyses explored the regulatory role of
miR-301a-3p/STAT3 axis in PDGF-BB-stimulated
ASMC model. We found that the suppressed prolifera-
tion and migration of ASMCs under treatment of

Figure 1 Exosomes derived from ADSCs could be internalized by ASMCs. (A) Flow cytometry to detect the expression of CD31, CD45, CD90, CD105, and negative
control IgG on surface of ADSCs. (B) Western blotting experiment to detect the protein markers CD63 and CD9 in supernatant, cell extracts or exosomes from ADSCs.
(C) Size distribution of exosomes was measured by Nanoparticle Tracking Analysis (NTA). (D) Exosomes isolated from ADSCs were labelled by DiLC18 (DiL) and
administrated to ASMCs for 24 hours, fluorescence was detected by confocal experiment.

Journal of Asthma and Allergy 2022:15 https://doi.org/10.2147/JAA.S335680

DovePress
103

Dovepress Feng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


exosomal miR-301a-3p were notably enhanced by ecto-
pic expression of STAT3 (Figure 6A and B).
Besides, STAT3 overexpression could recover the
PDGF-BB-suppressed apoptosis of ASMCs under
administration of exosomal miR-301a-3p (Figure 6C).
The decreased release of inflammatory cytokines TNF-
α, IL-1β and IL-6 were by exosomal miR-301a-3p was
also significantly alleviated by STAT3 overexpression
(Figure 6D–F). Collectively, these data suggested that
STAT3 acts as a target of miR-301a-3p to mediate the

remodeling and inflammation of ASMCs under PDGF-
BB stimulation.

Exosomal miR-301a-3p Inhibits
OVA-Induced Lung Injury by Targeting
STAT3 in Mice
We then observed that the fibrosis of OVA mice was
attenuated by the treatment of exosomal miR-301a-3p in
the model (Figure 7A). Meanwhile, we observed that the

Figure 2 ADSCs-derived exosomes suppressed PDGF-BB-stimulated proliferation, migration, apoptosis and inflammation of ASMCs. (A and B) ASMCs were treated with
ADSCs-derived exosomes with or without PDGF-BB stimulation, then cell viability was determined by CCK-8 experiment. (C–H) ASMCs were treated with ADSCs-
derived exosomes under PDGF-BB stimulation. Cell migration, protein levels of PCNA and MMP-9, and apoptosis were measured by Transwell (C) Western blotting (D)
and flow cytometry (E). The secretion of IL-1β (F) IL-6 (G) and TNF-α (H) were evaluated by ELISA assay. Exo: ADSCs-derived exosomes. *p < 0.05; **p < 0.01.

https://doi.org/10.2147/JAA.S335680

DovePress

Journal of Asthma and Allergy 2022:15104

Feng et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


levels of IL-1β, IL-6, TNF-α, and MCP-1 were induced in
the OVA mice, in which the treatment of exosomal miR-
301a-3p reversed the levels in the model (Figure 7B–E).

Discussion
The inflammation and remodeling of airway are the most
critical processes of asthma, which is characterized by
activated proliferation and migration of ASMCs.4,24,25

Platelet-derived growth factor (PDGF)-BB is a member
of PDGF family, which has been proven to act as
a driver for phenotype switch of ASMCs.11,26 In this
work, we adopted PDGF-BB for establishment of cell
model to mimic remodeling and inflammation of
ASMCs, which manifested as elevated proliferation,

migration and levels of inflammatory factors, along with
decreased cell apoptosis.

Over the past decades, MSCs have presented great
potential for treatment of disease including asthma.12 It
was previously reported that transplantation of MSCs bene-
fited the improvement of airway inflammation in asthma-
like circumstance.27,28 MSCs are generally derived from
bone marrow and some other tissues such as adipose, and
the regulatory effects of MSCs largely rely on the release of
soluble molecules and the secretion of extracellular vesicles
such as exosomes.29 The functions of ADSCs-derived exo-
somes are also widely reported during various cellular
processes. ADSCs-derived exosomes could regulate the
proliferation, migration, and apoptosis of breast cancer

Figure 3 MiR-301a-3p could be delivered by exosomes to ASMCs. (A) Exosomes derived from ADSCs were treated with RNase A with or without Triton X100, then the
level of miR-301a-3p was measured by qRT-PCR. (B) Level of miR-301a-3p in ADSCs and the secreted exosomes after transfection with miR-301a-3p mimics were measured
by qRT-PCR. (C) Level of miR-301a-3p in ASMCs after treatment with exosomes-derived from transfected ADSCs were measured by qRT-PCR. (D and E) ADSCs were
transfected with miR-301a-3p inhibitors or negative control (NC), and exosomes were isolated for treatment of ASMCs. The level of miR-301a-3p in ADSCs and the
secreted exosomes (D), and the ASMCs (E) were measured by qRT-PCR. (F) Level of miR-301a-3p in blood samples collected from healthy donors (Normal) and patients
with asthma were detected by qRT-PCR. Exo-miR-301a-3p: exosomes extracted from ADSCs after transfection with miR-301a-3p mimics; Exo-miR-301a-3p inhibitor:
exosomes extracted from ADSCs after transfection with miR-301a-3p inhibitor; Exo-NC: exosomes extracted from ADSCs after transfection with negative control mimics.
*p < 0.05; **p < 0.01.
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Figure 4 Exosomal miR-301a-3p suppressed PDGF-BB-stimulated proliferation, migration, apoptosis and inflammation of ASMCs. (A and B) ASMCs were treated with
exosomal miR-301a-3p with or without PDGF-BB stimulation, then cell viability was determined by CCK-8 experiment. (C–H) ASMCs were treated with exosomes isolated
from ASMCs after transfection with miR-301a-3p mimics (exosomal miR-301a-3p) or negative control (exosomal NC) under PDGF-BB stimulation. Cell migration, protein
levels of PCNA and MMP-9, and apoptosis were measured by Transwell (C) Western blotting (D) and flow cytometry (E). The secretion of IL-1β (F) IL-6 (G) and TNF-α
(H) were evaluated by ELISA assay. **p < 0.01.
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cells and vascular endothelial cell and so on.30–32 As for the
regulation of immune and inflammatory responses, ADSCs-
derived exosomes impede differentiation of T cells toward
effector or memory cell phenotypes, and reduced the release
of interferon-gamma (IFN-γ).33 Administration of ADSCs-
derived exosomes are indicated to ameliorate inflammatory
responses and suppressed secretion of inflammatory cyto-
kines, including IL-4, IL-23, and TNF-α, in a mouse model
of atopic dermatitis-like symptoms.34 Our work demon-
strated that exosomes extracted from ADSCs impeded the
PDGF-BB-stimulated proliferation and migration of
ASMCs, decreased the secretion of inflammatory factors
TNF-α, IL-1β and IL-6.

The functions of exosomes on cell communication are
closely correlated with their ability to deliver various signal-
ing molecules, especially the miRNAs.16 Exosomal-
miRNAs such as let-7a, miRNA-24, and miRNA-200c,
showed substantially different levels between patients with
asthma and the healthy subjects.35 Treatment with GW4869,
the inhibitor of exosome generation, impeded eosinophil
deposition in mucosa and airway walls.36 In present study,
further evaluation of miRNA in ADSCs-derived exosomes
suggested existence of exosomal miR-301a-3p, and
decreased level of miR-301a-3p in blood samples collected
from asthma patients comparing with the healthy subjects.
The exosomal miR-301a-3p effectively counteracted the

Figure 5 MiR-301a-3p interacted with STAT3 to suppress its expression in ASMCs. (A) TargetScan online tool prediction of interaction between miR-301a-3p with STAT3,
and the mutated sequence of STAT3 3ʹUTR. (B) Luciferase activity of STAT3-WT and STAT3-MUT under transfection with miR-301a-3p mimics or negative control (NC).
(C) QRT-PCR assay was performed to detect the level of miR-301a-3p in ASMCs and 293T cells under transfection of miR-301a-3p or NC. (D and E) QRT-PCR and
Western blotting assay to determine the mRNA (D) and protein (E) level of STAT3 in ASMCs and 293T cells under transfection of miR-301a-3p or NC. (F) Relative level of
STAT3 in patients with asthma and healthy donors (Normal). (G) Pearson correlation analysis of miR-301a-3p and STAT3. *p<0.05; **p < 0.01.
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PDGF-BB-stimulated remodeling and inflammatory
response of ASMCs. Subsequently, we identified STAT3 as
a target of miR-301a-3p in ASMCs, and the negatively

correlated expression between STAT3 and miR-301a-3p in
blood samples collected from patients with asthma.
Noteworthy, the role of STAT3 in lung inflammation is

Figure 6 Exosomal miR-301a-3p regulated PDGF-BB-stimulated functions of ASMCs via targeting STAT3. ASMCs were treated with exosomes isolated from ASMCs after
transfection with miR-301a-3p mimics (exosomal miR-301a-3p) or negative control (exosomal NC), and ectopic expression of STAT3 (STAT3 OE) under PDGF-BB
stimulation. Cell viability, migration, and apoptosis were measured by CCK-8 (A) Transwell (B) and flow cytometry (C). The secretion of IL-1β (D) IL-6 (E) and TNF-α (F)
were evaluated by ELISA assay. *p<0.05; **p < 0.01.

Figure 7 Exosomal miR-301a-3p inhibits OVA-induced lung injury by targeting STAT3 in mice. (A) Fibrosis in mouse lung tissues was measured by Masson’s trichrome
staining. (B–E) Secretion of IL-1β, IL-6, TNF-α, and MCP-1 was measured by ELISA kits. n = 5. **p < 0.01.
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quite controversial. Several studies suggested that inhibition
of STAT3 activity was correlated with the reduction of IL-17
and inflammation.22,23 Moreover, STAT-3 delivered by
ADSC-derived exosomes induced the polarization of anti-
inflammatory M2 macrophage through the transactivation of
arginase-1 and significantly suppressed inflammatory
responses caused by lipopolysaccharide (LPS) and IFN-γ.37

Targeting STAT3 is thereby a potential therapeutic method
for asthma. There were still some limitations in this study.
The difference of exosomes in serum cannot represent the
difference of local microenvironment. Meanwhile, the rela-
tionship between exosomes and airway remodeling in asth-
matic patients is needed to be explored in future
investigations.

Conclusion
In summary, this research deciphered the inhibitory func-
tion of ADSC-derived exosomal miR-301a-3p on ASMCs,
exploited the STAT3 as a target of miR-301a-3p during
this process. Our work presented ADSC-derived exosomal
miR-301a-3p as a novel and effective treatment for
asthma.
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