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Li QC, Liang Y, Su ZB. Prophylactic treatment with MSC-derived
exosomes attenuates traumatic acute lung injury in rats. Am J Physiol
Lung Cell Mol Physiol 316: L1107–L1117, 2019. First published
March 20, 2019; doi:10.1152/ajplung.00391.2018.—The mesenchy-
mal stem cell (MSC) is a potential strategy in the pretreatment of
traumatic acute lung injury (ALI), a disease that causes inflammation
and oxidative stress. This study aimed to investigate whether MSC-
exosomal microRNA-124-3p (miR-124-3p) affects traumatic ALI.
Initially, a traumatic ALI rat model was established using the weight-
drop method. Then, exosomes were obtained from MSCs of Sprague-
Dawley rats, which were injected into the traumatic ALI rats. We
found that miR-124-3p was abundantly-expressed in MSCs-derived
exosomes and could directly target purinergic receptor P2X ligand-
gated ion channel 7 (P2X7), which was overexpressed in traumatic
ALI rats. After that, a loss- and gain-of-function study was performed
in MSCs and traumatic ALI rats to investigate the role of miR-124-3p
and P2X7 in traumatic ALI. MSC-derived exosomal miR-124-3p or
silenced P2X7 was observed to increase the survival rate of traumatic
ALI rats and enhance the glutathione/superoxide dismutase activity in
their lung tissues. However, the wet/dry weight of lung tissues,
activity of methylenedioxyamphetamine and H2O2, and levels of
inflammatory factors (TNF-a, IL-6, and IL-8) were reduced. Simi-
larly, the numbers of total cells, macrophages, neutrophils, and lym-
phocytes in bronchoalveolar lavage fluid were also reduced when
treated with exosomal miR-124-3p or silenced P2X7. In conclusion,
the results provide evidence that miR-124-3p transferred by MSC-
derived exosomes inhibited P2X7 expression, thus improving oxida-
tive stress injury and suppressing inflammatory response in traumatic
ALI, highlighting a potential pretreatment for traumatic ALI.

exosomes; inflammatory response; mesenchymal stem cells; mi-
croRNA-124-3p; oxidative stress injury; purinergic receptor P2X
ligand-gated ion channel 7; traumatic acute lung injury

INTRODUCTION

Traumatic injury exaggerated the response of the immune
system to subsequent infectious attacks, in which the lung is a
particularly fragile organ (18). Traumatic acute lung injury
(ALI) is characterized by oxidative stress (OS) injury and
inflammatory responses, which may lead to mortality (19).
Inflammation has been reported to play essential roles in

traumatic brain injury (TBI)-induced ALI (24). Currently,
conventional mechanical ventilation remains to be a supportive
regimen designed to support respiratory function for ALI (1).
However, pretreatment for ALI patients was still needed to be
investigated. Strikingly, mesenchymal stem cells (MSCs) have
been reported to contribute to tissue repair and participate in
pulmonary fibrosis (9, 43). MSCs are potential tools for the
treatment of lung diseases and may play a role in traumatic
ALI, but the specific nature and reliability remain unclear. In
the rat model of pulmonary contusion, MSCs may ameliorate
stress-induced wound healing injury (14). Moreover, it has
been proven that the protective effect of fibroblast growth
factor-10 on ALI might be mediated by the mobilization of
lung-resident MSCs (40).

As shown in previous studies, exosomes can be derived from
MSCs (30, 37). Exosomes have the ability to carry lipid
mediators, microRNAs (miRs), and various types of proteins
(47). miRs play vital roles in cell proliferation, apoptosis, and
differentiation throughout the human body (23). miR-124-3p
has been reported to be enriched in the brain and participate in
the development of cranial and spinal nerves (42). Besides,
miR-124-3p also plays a vital role in inhibiting the develop-
ment of tumors by binding to different genes. Furthermore, it
has been suggested that miR-124-3p could contribute to anti-
inflammation via its interactions with Toll-like receptor 3 (20).
Intriguingly, exosomes derived from miR-124-3p-overexpress-
ing microglia exerted an anti-inflammatory effect on TBI (21).
Furthermore, in the current study, it has been confirmed that
miR-124-3p could target purinergic receptor P2X ligand-gated
ion channel 7 (P2X7) based on results of dual luciferase assay.
As one of the purinergic receptors, P2X7 is closely involved in
the human inflammatory and stress responses (10). A previous
study revealed that P2X7 can serve as a potential target in the
treatment of inflammatory diseases (5). In addition, overex-
pression of P2X7 could upregulate the levels of proinflamma-
tory cytokines including interleukin (IL)-6 and tumor necrosis
factor (TNF)-� (38). Moreover, downregulation of P2X7 was
revealed to exert protective effects against ALI by suppressing
inflammation (11). However, the specific molecular mecha-
nism by which MSCs act in lung diseases remains unclear.
Based on the above findings, we hypothesize that MSCs as a
preventative strategy are involved in OS and inflammation
induced by traumatic ALI through regulating P2X7 expression
by secreting exosomes to transfer miR-124-3p.
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MATERIALS AND METHODS

Ethics statement. This current study was carried out in strict
accordance with the recommendations in the Guide for the Care and

Use of Laboratory Animals. The principle of completing experiments
using the minimum number of animals was performed with the best
efforts to minimize the suffering of the included animals. All exper-
imentation protocols were approved and followed the Ministry of
Science and Technology of the People’s Republic of China on the
Guiding Opinions on Treating Experimental Animals [National Sci-
ence and Technology (2006) No. 398] and the National Institutes of
Health Guide for the Care and Use of Laboratory Animals (Publica-
tion No. 85-23, revised 1996).

Experimental animals. A total of 212 4-mo-old healthy specific
pathogen-free (SPF) male Sprague-Dawley (SD) rats (weighing 180–
230 g) were obtained from the Experimental Animal Center of Jilin
University. Ten of the included rats were used for isolation and culture
of MSCs.

Isolation, culture, and differentiation of MSCs. The tibia and femur
of two SD rats were obtained and the connective and muscle tissues
were removed. The ends of the bone were cut by scissors, and the
bone marrow cavity was flushed with serum-free medium containing
Dulbecco’s modified Eagle’s medium (DMEM) for cell suspension
preparation. The prepared cell suspension was then centrifuged at
900 g for 5 min. After that, the cell suspension was resuspended at a
concentration of 105/cm2 in DMEM containing 10% FBS (Hangzhou
Sijiqing Biological Engineering Materials, Hangzhou, China), 100
U/ml penicillin, and 100 �g/ml streptomycin (Gibco, Carlsbad, CA).
Next, the cell suspension was cultured at 37°C with 5% CO2 and
passaged for future use. The obtained MSCs (2.5 � 105) were
subjected to induction of chondrogenic and adipogenic differenti-
ation (51).

Isolation and identification of MSC-derived exosomes. When cell
confluence reached 90%, MSCs were rinsed twice with l � PBS and
resuspended in 15 ml serum-free medium. MSCs were then incubated
at 37°C for 48 h in a humidified incubator with 94% N2-1% O2-5%
CO2 in air. Then, the supernatant was collected and mixed with
exosome extractant (Ribobio, Guangzhou, China) at a ratio of 3: 1.
After that, the supernatant was centrifuged at 4°C at 2,000 g for 15
min, at 5,000 g for 15 min, at 12,000 g for 30 min, and at 12,000 g for
70 min, respectively, to collect the exosomes, which were then stored
at �80°C for further experimentation.

The exosomes were then fixed in 4% glutaraldehyde for 2 h at 4°C
and rinsed by 0.1 mol/l PBS three times. After a further fixation in 1%
osmium tetroxide for 2 h, the exosomes were dehydrated by conven-
tional ethanol and gradient acetone. After that, the exosomes were
impregnated, embedded, and polymerized with ethoxyline resin, fol-
lowed by preparation of 0.5-�m semi-thin sections. Then, the semi-
thin sections were cut into 60-nm ultrathin sections under a light
microscope. After that, the sections were stained with uranium acetate
and lead citrate and observed under a transmission electron micro-
scope (JEM-1400, 120 KV; JEOL, Tokyo, Japan). The size and
concentration of exosomes were determined by the nanoparticle
tracking analysis, and the expression of the protein surface biomarkers
(CD63, CD9, and CD81) in the exosomes were measured by Western
blot analysis. Furthermore, a bicinchoninic acid assay (Thermo Fisher
Scientific, Waltham, MA) was used to detect the protein concentration
of the exosomes (27, 28, 31). About 25 �g of exosomes were obtained
from 2 � 107 MSCs.

Establishment of traumatic ALI rat model. This study is a separate
pilot series. The rest 210 rats were adaptively fed in a clean-grade
animal room for 7 days at temperatures between 20 and 25°C with a
controlled day-night alterations and were allowed free access to food
and water. After that, 15 rats were used as normal controls (the normal
group) and the other 195 rats were established as ALI models. For
ALI model establishment (19), rats were intraperitoneally anesthe-
tized using 2% pentobarbital sodium (30 mg/kg) (19), fixed, and

placed on an experimental platform for stimulation chest trauma
conditions. After that, the chest of the rats was struck by a 200-g
stainless hammer placed 100 cm away from the platform (19). Then,
45 ALI rats were prepared for exosome experimentation, and 150 for
exosome/miR-124-3p/P2X7 experimentation. After being fasted for
12 h, the 45 rats selected for exosome research were assigned into the
following groups (15 rats in each group) with different treatment: the
ALI group, the ALI � PBS group, and the ALI � exosomes group.
Rats in the ALI � PBS group were injected with 100 �l PBS through
the caudal vein 30 min before model establishment. Rats in the ALI �
exosomes group were injected with 100 �l PBS containing 25 �g of
exosomes through the caudal vein 30 min before model establishment.
After model establishment, to evaluate whether the ALI model was
successfully established or not, we measured the arterial oxygenation

index (PaO2
/FIO2

; �300 mmHg) and dry/wet weight ratio of lung
tissues (to determine the degree of lung injury and edema) of rats,
observed histopathological characteristics of lung, and performed a
pathological score of traumatic ALI (33).

Transfection of MSCs. MSCs were classified into the following
groups: the oe-negative control (NC) group, the oe-miR-124-3p
group, the sh-NC group, and the sh-miR-124-3p group. Overex-
pressed plasmid vectors and interference plasmid vectors of lentivirus
(Invitrogen, Carlsbad, CA) were constructed. For transfection (21),
MSCs (5.0 � 107/ml) were seeded into a six-well plate with 2 ml/well
and incubated with the prepared lentiviral supernatant (with a higher
concentration than 107 TU/ml) when cell confluence reached 50%.
Following a 24-h period of transfection, the solution was replaced
with a complete medium. When cell confluence reached 80%, the
complete medium was replaced with a serum-free medium for further
24-h incubation. Then, the exosomes were isolated by the differential
centrifugation. The expression of miR-124-3p in the isolated exo-
somes was detected by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) and compared with that of exosomes
isolated from nontransfected MSCs.

Grouping and treatment of traumatic ALI rat models. The prepared
150 ALI rats used for exosome/miR-124-3p/P2X7 experiment were
classified into the following 10 groups (15 rats/group): the vector-NC
group (rats injected with 10 �l lentiviruses), the P2X7-vector group
(rats injected with 10 �l lentiviruses), the si-NC group (rats injected
with 10 �l lentiviruses), the si-P2X7 group (rats injected with 10 �l
lentiviruses), the oe-NC group (rats injected with 100 �l PBS con-
taining 25 �g exosomes), the oe-miR-124-3p group (rats injected with
100 �l PBS containing 25 �g exosomes), the sh-NC group (rats
injected with 100 �l PBS containing 25 �g exosomes), the sh-miR-
124-3p group (rats injected with 100 �l PBS containing 25 �g
exosomes) (3), the oe-miR-124-3p � vector-NC group (rats injected
with 100 �l PBS containing 25 �g exosomes and 10 �l vector-NC),
and the oe-miR-124-3p � P2X7-vector group (rats injected with 100
�l PBS containing 25 �g exosomes and 10 �l P2X7-vector). The
injection of PBS containing 25 �g exosomes was repeated every 2
days after model establishment (2). At last, the rats in each group were
fed with a common diet with free access to water, and the feeding
room was guaranteed for a 12:12-h light-dark cycle each day.

Survival analysis. During 0~120 h, the survival curves of rats were
drawn using the Kaplan-Meier method. After 7 days, five surviving
rats in each group (5–10 rats died in each group) were used for
subsequent experimentation.

Measurement for wet-to-dry ratio of lung tissues. Following a
7-day period, the rats were anesthetized with 2% sodium pentobarbi-
tal. After removal of the blood on the surface, the wet weight of the
lungs was measured using an analytical balance. After that, the lungs
were dehydrated at 80°C for 48 h to measure the dry weight. W/D was
calculated as the ratio of wet weight to the dry weight.

Hematoxylin-eosin staining for lung tissues. The right lung tissues
were fixed in 10% neutral formalin solution and prepared as tissue
sections. After routine hematoxylin-eosin staining, the sections were
sealed by neutral balsam to observe the histopathological changes
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under a light microscope and score the pathological injuries according
to the reference (17) by two pathologists by the double-blind method.
The experiment was repeated three times.

Inflammatory cell counting and protein content determination. The
bronchoalveolar lavage fluid (BALF) was collected from rats using
PBS, which was then centrifuged. After being resuspended in normal
saline, the total cell number was counted using a hemocytometer, and
the number of different cells was counted under a light microscope
after being staining with a Wright-Gimsa staining kit (Jiancheng,
Nanjing, China). The total protein content in BALF was determined
by a semiautomated spectrophotometer kit (Labtest Diagnóstica, Mi-
nas Gerais, Brazil).

Oxidative stress. The activity of superoxide dismutase (SOD),
malondialdehyde (MDA), H2O2, and glutathione (GSH) were all
measured using the manufacturer’s instructions (Jiancheng), and the
experiment was repeated three times.

Enzyme-linked immunosorbent assay. The levels of inflammatory
factors including TNF-�, IL-6, IL-8, and IL-10 in BALF were
detected by enzyme-linked immunosorbent assay (ELISA) kits ac-
cording to the manufacturer’s instructions (Wuhan Cusabio Biotech,
Wuhan, China). The experiment was repeated three times.

RT-qPCR. The total RNA was extracted using Trizol (Invitrogen,
Carlsbad, CA), and the concentration was determined by Nanodrop
2000 (Thermo Fisher Scientific). For RT-qPCR, 1 �g of total RNA
was reverse transcribed into complementary DNA (cDNA) using the
PrimeScript RT reagent kit and gDNA Eraser kit (Takara Holdings,
Kyoto, Japan). Then, RT-qPCR was performed on an ABI7500
quantitative PCR instrument (Thermo Fisher Scientific) using the
SYBR Premix Ex Taq (Tli RNaseH Plus) kit (Takara Holdings). U6
was regarded as the internal reference for miR, and GAPDH for
P2X7. The 2���Ct method was used for quantification of relative
expression (25). Primers used in this experiment are displayed in
Table 1 and were all synthesized by Shanghai GenePharma (Shanghai,
China).

Western blot analysis. Total protein of lung tissues was extracted
using the RIPA containing PMSF (R0010; Beijing Solarbio Science
and Technology, Beijing, China), and the protein concentration was
determined using a bicinchoninic acid kit (Thermo Fisher Scientific).
Then, proteins were separated using SDS-PAGE and transferred onto
PVDF membrane (Amersham, GE Healthcare, Chicago, IL). After

being blocked with 5% skim milk powder for 1 h at room temperature,
the membrane was incubated with the following rabbit polyclonal
primary antibodies at 4°C overnight purchased from Abcam (Cam-
bridge, UK): anti-P2X7 (1:1,000, ab48871), anti-CD9 (1:2,000,
ab92726), anti-CD81 (1:1,000, ab109201), and anti-CD63 (1:500,
ab108950), with mouse monoclonal anti-GAPDH antibody (1:10,000,
ab8245) as the internal reference. Then, the membrane was incubated
with goat anti-rabbit secondary antibody (1:10,000; Jackson Immu-
noResearch, West Grove, PA) for 1 h at room temperature. Next, the
membrane was developed using an ECL reaction solution (WB-
KLS0100; Millipore, Bedford, MA) and exposed on an optical lumi-
nometer (GE Healthcare). The relative expression of proteins was
analyzed using the Protein Pro Plus 6.0 software (Media Cybernetics,
Rockville, MD). The experiment was repeated three times.

Bioinformatics analysis. P2RX7 was used as the key word for
searching the regulatory miRs of P2X7 in three miR-mRNA relationship
prediction sites, including miRDB (http://www.mirdb.org/), Target Scan
(http://www.targetscan.org/vert_71/), and miRWalk (http://mirwalk.um-
m.uni-heidelberg.de/). The jvenn website (http://jvenn.toulouse.inra.fr/
app/example.html) was used to compare the predicted results obtained
from the above websites.

Dual luciferase reporter gene assay. Wild type (WT) and mutant
(MUT) of 3=-untranslated region gene fragments of miR (miR-124-
3p) were artificially synthesized and presented to the pMIR-reporter
(Beijing Huayueyang Biotechnology, Beijing, China) by the endonu-
clease sites SpeI and Hind III. The target fragment was inserted into
the pMIR-reporter plasmid through T4 DNA ligase by the restriction
endonuclease digestion. After insertion, the correctly sequenced lu-
ciferase reporter plasmids (WT and MUT) were cotransfected with
miR onto HEK-293T cells (Shanghai Beinuo Life Science, Shanghai,
China) respectively. Following a 48-h period of transfection, HEK-
293T cells were collected and lysed to measure the luciferase activity
by a luciferase assay kit (K801-200; BioVision, San Francisco, CA)
and a Glomax 20/20 luminometer fluorescence detector (Promega,
Madison, WI). Each experiment was repeated three times.

Statistical analysis. All data are expressed as means � SD and
were tested for normal distribution and homogeneity variance. Statis-
tical analyses were performed using SPSS 21.0 statistical software
(IBM, Armonk, NY). Comparisons between two groups were ana-
lyzed by the unpaired Student’s t-test, whereas one-way ANOVA was
used for comparisons among multiple groups. A Tukey test was used
for post hoc test. The survival rate of rats was analyzed by Kaplan-
Meier analysis. P 	 0.05 was considered to be statistically significant.

RESULTS

Morphological changes in MSCs. At 7 days after inocula-
tion, a large number of elongated primary MSCs were ob-
served (Fig. 1A). After induction of chondrogenic differentia-
tion, the volume of MSCs was increased and attained elliptical
or kidney shapes (Fig. 1B). After induction of osteogenic
differentiation, numerous dense calcium nodules were also
observed in MSCs (Fig. 1C). At the same time, after induction
of adipogenic differentiation, diffusely distributed red lipid
droplets were observed in MSCs (Fig. 1D).

MSC-derived exosome pretreatment improves OS injury and
inhibits inflammatory response in traumatic ALI rats. Through
transmission electron microscopy, it was shown that exosomes
derived from MSCs presented as spherical particles with a
diameter of 30–50 nm (Fig. 2A). The average size of exosomes
was detected by nanoparticle tracking analysis and was calcu-
lated to be 48.9 nm (Fig. 2B). Western blot analysis showed
that the exosome markers CD63, CD9, and CD81 were signif-
icantly enriched in the exosome (Fig. 2C). The timeline of the
timeframes between injury and exosome administration is

Table 1. Primer sequences for RT-qPCR

Gene Primer Sequence

miR-124-3p
Forward 5=-UAAGGCACGCGGUGAAUGCC-3=

Reverse 5=-GCATTCACCGCGUGCCUUAUU-3=

U6
Forward 5=-AACGCTTCACGAATTTGCGT-3=

Reverse 5=-CTCGCTTCGGCAGCACA-3=

P2X7
Forward 5=-CGGGCCACAACTATACTACGA-3=

Reverse 5=-CCTGAACTGCCACCTCTGTAA-3=

GAPDH
Forward 5=-CCCTTCATTGACCTCAACTACATG-3=

Reverse 5=-CTTCTCCATGGTGGTGAAGAC-3=

miR-409b
Forward 5=-GCGAATGTTGCTCGGTGA-3=

Reverse 5=-GTGCAGGGTCCGAGGT-3=

miR-149-3p
Forward 5=-CCTTTGACTGCCGTGCGT-3=

Reverse 5=-CCGTCAGCCACCTCTCAC-3=

miR-1956-5p
Forward 5=-ACACTCCAGCTGGGAGTCCAGGGCTGAGTC-3=

Reverse 5=-AGUCCAGGGCUGAGUCAGCGGATCCGCTGA-3=

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; P2X7, purinergic re-
ceptor P2X7; miR, microRNA; RT-qPCR, reverse transcription-quantitative
polymerase chain reaction.
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shown in Fig. 2D. A survival analysis showed that the survival
rate of the ALI group was significantly decreased relative to the
normal group (P 	 0.05). Nonetheless, the survival rate of the
ALI � exosomes group was significantly increased compared
with ALI � PBS group (P 	 0.05) (Fig. 2E). Following a
7-day period, the W/D of the ALI group was found to be
significantly increased, relative to the normal group, and was
also accompanied with the infiltration of inflammatory cells,
congested capillaries, hemorrhage, and thickening of the alve-
olar walls (P 	 0.05). Nevertheless, the W/D was reduced in
the ALI � exosomes group compared with the ALI � PBS
group and the pathological injury of lung tissues was improved
(P 	 0.05) (Fig. 2F). Furthermore, less infiltrative inflamma-
tory cells and congested capillaries were observed with re-
duced hemorrhage and thinner alveolar walls (Fig. 2, G and H)
(P 	 0.05).

Relative to the normal group, the number of total cells,
macrophages, neutrophils, and lymphocytes in the BALF was
significantly increased in the ALI group (P 	 0.05). Relative to
the ALI � PBS group, the ALI � exosomes group exhibited a
decrease in the number of total cells, macrophages, neutro-
phils, and lymphocytes in BALF (Fig. 2, I–K) (P 	 0.05).
Furthermore, ELISA was employed to detect the levels of the
inflammatory factors (TNF-�, IL-6, IL-8, and IL-10). Relative
to the normal group, the ALI group displayed an increase in the
levels of TNF-�, IL-6, IL-8 (P 	 0.05). Moreover, relative to
the ALI � PBS group, the ALI � exosomes group showed a
decrease in the levels of TNF-�, IL-6, and IL-8 and an increase
in the IL-10 level (P 	 0.05; Fig. 2L). Furthermore, the MDA
and H2O2 levels were increased in the ALI group, relative to
the normal group, whereas GSH and SOD levels were de-
creased (P 	 0.05). Additionally, exosome treatment resulted
in opposite trends (Fig. 2, M–P). All these results indicated that
MSC-derived exosomes to improve OS injuries and inhibit
inflammatory response in traumatic ALI rats.

Silenced P2X7 improves OS injury and inhibits inflamma-
tory response in traumatic ALI rats. It was previously demon-
strated that the blocking of intracellular transmission receptor
axis P2X7 could alleviate ALI in wild-type (WT) and P2X7
knockout mice (11). ALI rats with P2X7 deficiency exhibited
a decrease in the pulmonary edema and alveolar protein con-
tent and destroyed alveolar epithelial cell protein permeability
(35). Moreover, apoptosis of type I alveolar epithelial cells was
inhibited and ALI was alleviated as a result of inhibition of the
P2X7 receptor (16). In the current study, RT-qPCR and West-
ern blot analysis indicated that the expression of P2X7 in lung
tissues was significantly increased in the ALI group compared
with the normal group (Fig. 3, A–C; P 	 0.05). Meanwhile,

P2X7 expression in lung tissues of the ALI � exosomes group
was significantly decreased compared with the ALI � PBS
group (P 	 0.05).

Relative to the vector-NC group, W/D in the P2X7-vector
group was significantly increased. However, W/D was reduced
in the si-P2X7 group in comparison with the si-NC group (Fig.
3D; P 	 0.05). Compared with the vector-NC group, the
P2X7-vector group presented with infiltration of inflammatory
cells, congested capillaries, hemorrhage, and thickened alveo-
lar wall (P 	 0.05). Less infiltration of inflammatory cells,
congested capillaries, hemorrhage, and thinner alveolar wall
were observed in the si-P2X7 group compared with those in the
si-NC group (Fig. 3, E and F). Compared with the vector-NC
group, the number of total cells, macrophages, neutrophils, and
lymphocytes in BALF was increased in the P2X7-vector group
(P 	 0.05). However, the si-P2X7 group exhibited opposite
trends in comparison with the si-NC group (Fig. 3, G–I). In
addition, MDA and H2O2 levels in the lung tissues of the
P2X7-vector group were significantly increased compared with
the vector-NC group, whereas the GSH and SOD levels were
decreased (P 	 0.05). Compared with the si-NC group, MDA
and H2O2 levels in the lung tissues of the si-P2X7 group were
significantly decreased, whereas the GSH and SOD levels were
increased (Fig. 3, J–M; P 	 0.05).

Compared with the vector-NC group, increased levels of
TNF-�, IL-6, and IL-8 and decreased IL-10 level were found
in the P2X7-vector group (P 	 0.05). However, the si-P2X7
group exhibited opposite trends in comparison with the si-NC
group (Fig. 3N; P 	 0.05). Our results indicated that silencing
of P2X7 improved OS injury and inhibited inflammatory re-
sponse in traumatic ALI rats.

miR-124-3p directly targets P2X7 and downregulates P2X7.
The miRs binding to P2X7 were predicted using bioinformatics
target prediction websites, namely, miRDB, TargetScan, and
miRWalk. Especially, 11 miRs were obtained using miRDB,
17 miRs with weighted context�� scores �0.25 were in-
cluded in the prediction results of TargetScan, and 284 miR
results were obtained in miRWalk. By comparing the above
prediction results, four overlapping miRs including rno-
miR-409b, rno-miR-124-3p, rno-miR-149-3p, and rno-miR-
1956-5p were obtained (Fig. 4A). The results from the
bioinformatics website identified a specific binding site
between the four miRs and the P2X7 sequence (Fig. 4B).
This particular finding was also confirmed using dual luciferase
reporter gene assay. The results revealed that the luciferase
activity of WT was decreased in the miR-409b, miR-124-3p-,
miR-149-3p-, and miR-1956-5p-transfected groups compared
with the oe-NC group (Fig. 4, C–F; P 	 0.05). However, no

A B C D

100μm 50μm 50μm 50μm

Fig. 1. Morphological changes of mesenchymal stem cells (MSCs). A: morphology of primary MSCs (7 days, �100). B: chondrogenic differentiation of MSCs
determined by Alcian blue staining (14 days, �200). C: osteogenic differentiation of MSCs determined by Alizarin red staining (14 days, �200). D adipogenic
differentiation of MSCs determined by Oil red O staining (14 days, �200).
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differences were observed in the MUT 3=-untranslated region
(P 
 0.05). The above results indicated that miR-409b, miR-
124-3p, miR-149-3p, and miR-1956-5p could specifically bind
to the P2X7 gene. RT-qPCR results demonstrated that the
expression of miR-124-3p in exosomes was much elevated
compared with miR-409b (Fig. 4G; P 	 0.05). In addition,
P2X7 expression in lung tissues was significantly downregu-

lated in the oe-miR-124-3p group compared with the oe-NC
group (P 	 0.05). However, P2X7 expression in the sh-miR-
124-3p group was significantly upregulated compared with the
sh-NC group (P 	 0.05; Fig. 4H). In addition, MSCs were
transfected with lentiviral miR-124-3p, and the results showed
that the oe-miR-24-3p group exhibited approximately fivefold
of miR-124-3p expression compared with the oe-NC group.
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Fig. 3. Silenced P2X ligand-gated ion channel 7 (P2X7) suppressed oxidative stress and inflammatory response in traumatic lung injury (ALI/TLI) rats. A: P2X7
mRNA expression in lung tissues after alteration of P2X7 detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). B and C: P2X7
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of P2X7. E and F: pathological changes in lung tissues after alteration of P2X7 determined by hematoxylin-eosin staining (�200). G and H: number of total
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Compared with the sh-NC group, the sh-miR-124-3p group
showed 80% inhibition rate (Fig. 4I). The above results dem-
onstrated that P2X7 was a target gene of miR-124-3p and could
be downregulated by miR-124-3p.

Exosomal miR-124-3p improves OS injury and inhibits in-
flammatory response in traumatic ALI rats by downregulating
P2X7. In comparison with the oe-NC group, the pathological
injury of the lung tissues was found to be alleviated in the
oe-miR-124-3p group. Less infiltration of inflammatory cells,
congested capillaries, and hemorrhage were observed with
thinner alveolar walls (P 	 0.05). In addition, W/D, MDA, and

H2O2 levels were also decreased, whereas GSH and SOD
levels were increased (P 	 0.05). Compared with the oe-miR-
124-3p � vector-NC group, the oe-miR-124-3p � P2X7-
vector group exhibited elevated W/D with increased infiltration
of inflammatory cells, congested capillaries and hemorrhage.
Furthermore, thickened alveolar walls were also observed,
whereas MDA, and H2O2 levels were increased and GSH and
SOD levels were decreased (Fig. 5, A–C and G–J; P 	 0.05).

Compared with oe-NC group, the numbers of total cells,
macrophages, neutrophils, and lymphocytes in BALF were
found to be decreased in the oe-miR-124-3p group (P 	 0.05).
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Fig. 5. Exosomal miR-124-3p improved oxidative stress injury and inhibited inflammatory response in traumatic acute lung injury (ALI) rats by downregulating
P2X ligand-gated ion channel 7 (P2X7). A: ratio of wet weight to dry weight (W/D) in lung tissues after alteration of miR-124-3p and P2X7. B and C: pathological
changes of lung tissues after alteration of miR-124-3p and P2X7 determined by hematoxylin-eosin staining (�200). D and E: number of total cells, macrophages,
neutrophils, and lymphocytes in bronchoalveolar lavage fluid (BALF) after alteration of miR-124-3p and P2X7. Samples were lung tissues of traumatic ALI rats
treated by tail vein injection of miR-124-3p or/and P2X7 vectors. F: total protein content in BALF after alteration of miR-124-3p and P2X7. G–J: superoxide
dismutase (SOD; G), methylenedioxyamphetamine (MDA; H), H2O2 (I), and glutathione (GSH; J) activity in lung tissues after alteration of miR-124-3p and
P2X7. K: tumor necrosis factor-� (TNF-�), interleukin-6 (IL-6), IL-8, and IL-10 levels determined by ELISA after alteration of miR-124-3p and P2X7. L:
miR-124-3p expression in lung tissues detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Samples were lung tissues of
traumatic ALI rats treated by tail vein injection of miR-124-3p or/and P2X7 vectors; n � 15 in each group. Measurement data are expressed by means � SD,
independent sample t-test was used for comparison between the 2 groups, and one-way ANOVA was used for comparison between groups. The experiment was
repeated 3 times. *P 	 0.05, compared with the oe-NC group; #P 	 0.05, compared with the oe-miR-124-3p � vector-negative control (NC) group; n � 5.
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Additionally, decreased total protein content of inflammatory
factors was noted in the oe-miR-124-3p group. Compared with
the oe-miR-124-3p � vector-NC group, the oe-miR-124-3p �
P2X7-vector group exhibited a higher number of total cells,
macrophages, neutrophils, and lymphocytes in BALF accom-
panied by increased total protein content of inflammatory
factors (Fig. 5, D–F; P 	 0.05). ELISA was used to detected
levels of inflammatory factors, and the results showed that
compared with the oe-NC group, the levels of TNF-�, IL-6,
and IL-8 were decreased and IL-10 level was increased in lung
tissues in the oe-miR-124-3p group. Compared with the oe-
miR-124-3p � vector-NC group, the levels of TNF-�, IL-6,
and IL-8 were increased and IL-10 level was decreased in the
oe-miR-124-3p � P2X7-vector group (Fig. 5K; P 	 0.05).
Furthermore, RT-qPCR was employed to detect the expression
of miR-124-3p, and the results revealed that compared with the
oe-NC group, the expression of miR-124-3p was increased
approximately three times in the oe-miR-124-3p group, oe-
miR-124-3p � vector-NC group, and oe-miR-124-3p � P2X7-
vector group. There were no significant differences between
the oe-miR-124-3p � vector-NC group and oe-miR-124-3p �
P2X7-vector group (Fig. 5L). The above results demonstrated
that exosomal miR-124-3p improved OS injury and inhibited
inflammatory response in traumatic ALI rats by downregulat-
ing P2X7.

DISCUSSION

Lung injury may be caused by systemic injury or inhalation
of oropharyngeal contaminants (41). It has been demonstrated
that miR-124-3p is capable of preventing excessive inflamma-
tory response by inhibiting the Toll-like receptor pathway (20).
Moreover, the findings of a previous study revealed that P2X7
with abundant expression in immune cells can serve as a target
biomarker for the treatment of inflammatory diseases (46).
Thus this present study aimed to determine the role of miR-
124-3p and P2X7 in ALI, and the key findings indicated that
miR-124-3p transferred by MSC-derived exosomes inhibits the
expression of P2X7, thus alleviating OS injury and inflamma-
tory response in rats with traumatic ALI.

Initially, the current study revealed that the expression of
P2X7 was upregulated in traumatic ALI rats and miR-124-3p
was overexpressed in MSC-derived exosomes. A previous
study found that downregulation of P2X7 inhibited inflamma-
tion and alleviated ALI (11). Interestingly, another study also
proved that decreased expression of P2X7 in ALI can attenuate
inflammation (8). Notably, it has been well established that
exosomes can be derived from MSCs (13). In addition, con-
sistent with our results, miR-124-3p was found to be increased
in exosomes after the occurrence of TBI (21). In this study, we
performed dual luciferase assay, which revealed that miR-
124-3p could target P2X7 to inhibit its expression. It has been
demonstrated that miR-124-3p plays a role in posttranscrip-
tional regulation of gene expression and has been further
demonstrated to reduce luciferase activity in C/EBPa, indicat-
ing that miR-124-3p could directly bind to C/EBPa (32).
Furthermore, the expression of P2X7 is correlated with differ-
ent miRs such as miR-186 and miR-150 (50).

Additionally, a key finding of this study was that MSC-
derived exosomes, exosomal miR-124-3p and P2X7 silencing
exerted an inhibitory effect on OS in traumatic ALI rats,

characterized by decreased MDA and increased GSH and SOD
levels. ALI induced by TBI is exhibited by several pathological
changes including cell apoptosis, OS injury, and inflammatory
response (45). MDA, GSH, and SOD are reported to be key
parameters of OS (29). In line with our study, it has been
proven that when OS was alleviated, the level of MDA was
decreased but GSH content and SOD activity were increased
(36). In addition, miRs have been reported to play a vital role
in the synthesis of GSH via the regulation of related genes (34).
Strikingly, a previous study indicated that exosomes derived
from MSCs can inhibit OS (4). More specifically, findings
from a prior study highlighted that miR-124-3p was downregu-
lated in OS (44). Furthermore, inhibition of P2X7 can alleviate
OS as well (49). All these findings support our results that
exosomal miR-124-3p and silencing of P2X7 can suppress OS
in traumatic ALI rats.

Subsequently, the current study also found that MSC-de-
rived exosomes, exosomal miR-124-3p, and P2X7 silencing
attenuated inflammatory response in traumatic ALI rats with
decreased levels of TNF-�, IL-6, and IL-8 as well as increased
IL-10 level. It has been reported that biomarkers of systemic
inflammation, such as IL-10, TNF-�, and IL-8, are broadly
used in diagnoses of ALI (39). Consistent with our study, it has
been shown that TNF-�, an initiating cytokine in ALI induced
by extracorporeal circulation, release could be induced by
P2X7 through increasing the activity of TNF-�-converting
enzyme (6, 22). Moreover, a previous study provided evidence
that miR-124-3p can decrease the expression levels of inflam-
matory factors including TNF-� and IL-1 (12). It has also been
confirmed that the expression of many inflammatory factors
including IL-6 and IL-8 can be regulated by P2X7 (48). More
specifically, a previous study proved that P2X7 can upregulate
the expression of IL-6 (26). Another study also indicated that

Exosomes 

(fromMSCs)

re
lease

miR-124-3p

P2X7

oxidative stress

(SOD, MDA, H2O2, GSH)
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Fig. 6. Mesenchymal stem cell-derived exosomal miR-124-3p inhibits P2X
ligand-gated ion channel 7 (P2X7) expression and alleviates oxidative stress
and inflammatory response in traumatic acute lung injury rats. Rat MSC-
derived exosomes are rich in miR-124-3p. Exosomes help miR-124-3p to bind
to P2X7 and inhibit P2X7 expression, which can reduce the activity of
methylenedioxyamphetamine (MDA) and H2O2 and levels of inflammatory
factors including tumor necrosis factor-� (TNF-�), interleukin-6 (IL-6), IL-8,
and IL-10 but promote superoxide dismutase (SOD) and glutathione (GSH)
activity, thereby preventively alleviating oxidative stress injury and inflamma-
tory response in rats with traumatic ALI induced by P2X7.
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genistin may play an antioxidant and anti-inflammatory role in
cardioprotection via silencing of P2X7 (15). In addition, pre-
vious findings confirmed that elevated exosomes can reduce
the expression of TNF-� and IL-6 (7), indicating alleviation of
the inflammatory response.

Based on previous findings, the current study concludes that
miR-124-3p transferred by MSC-derived exosome pretreat-
ment inhibits the expression of P2X7 and alleviates OS injury
and inflammatory response in rats with traumatic ALI (Fig. 6).
These findings identified miR-124-3p and P2X7 as potential
therapeutic targets for the treatment of ALI. However, limited
conditions to detect the biodistribution of exosomes and lenti-
viral vectors in vivo remain to be the limitations of our study.
Further research focusing on the biodistribution of exosomes
and lentiviral vectors is warranted to further elucidate the
mechanisms in this study. Several studieshave shown that
P2X7 was correlated with alveolar epithelial cells (11, 16, 35).
Therefore, we hypothesized that alveolar epithelial cells might
be the major recipient of the exosomes and lentiviral vectors,
and further efforts need to focus on solving this problem.
Moreover, considering that trauma by its nature cannot be
predicted, the animal treatment could be improved by doing an
additional series experiments to treated animals with exosomes
after chest injury.
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