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Background: Environmental exposure to particulate matter 2.5 (PM2.5) threatens public health, which 
has caused worldwide concerns. MicroRNAs (miRNAs, miRs) participate in multiple biological regulation. 
Among them, miR-486 has been reported to be a beneficial molecule for cell survival in various cell types. 
However, the potential function of miR-486 in PM2.5-induced cytotoxic is still uncertain.
Methods: The expression of miR-486 was detected by quantitative real-time polymerase chain reaction 
(qRT-PCR) after A549 cells incubated with PM2.5. Then TUNEL staining and DCFH-DA fluorescence 
were used to test the apoptosis and ROS generation of A549 cells after exposed to PM2.5 with miR-486 
mimic. Western blot was performed to determine the expression of Bax/Bcl2 ratio. In addition, western blot 
and rescue experiments were conducted to determine the target gene of miR-486.
Results: After treated with PM2.5, the expression of miR-486 was decreased. And miR-486 mimic 
treatment reduced cell apoptosis and reactive oxygen species (ROS) generation induced by PM2.5 exposure. 
Further studies showed that miR-486 negatively regulated the protein levels of PTEN and FOXO1. Rescue 
experiments demonstrated that PTEN and FOXO1 mediated the protective effects of miR-486 in PM2.5-
treated human lung alveolar epithelial A549 cells.
Conclusions: Collectively, our findings identify that miR-486 relieves PM2.5-induced cell injury by 
targeting PTEN and FOXO1 in human lung alveolar epithelial A549 cells.
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Introduction

Known as the particles and droplets with aerodynamic 
diameter ≤2.5 μm, PM2.5 accounts for a significant 
proportion of pollution in developing countries and 
regions (1). The association between disease occurrence 
and PM2.5 exposure have confirmed in many studies, 
especially respiratory diseases (2-4). Although significant 

efforts have been made to understand the lung damages 
induced by PM2.5, the underlying biological processes 
and mechanisms are rarely known. Accumulating studies 
have shown that cell apoptosis, cell necrosis, autophagy, 
DNA damages, mitochondria damage and gene mutations 
contribute to PM2.5-induced cytotoxicity (5-7). Several 
signaling pathways have been reported to be involved in 
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these biological processes. Nevertheless, the epigenetic 
regulation, especially the roles of miRNAs in PM2.5-
induced cell injury are still to be elucidated.

MicroRNAs (miRNAs, miRs) are ~21–23-nucleotide 
single-stranded RNAs that play tremendous regulatory 
roles in many biological processes. MiRNAs can regulate 
gene expression both in transcriptional level  and 
posttranscriptional level. Increasing evidence suggests that 
miRNAs contribute to a spectrum of cell fate, including 
cell survival and cell death. Several studies have shown that 
the expression of miRNAs is altered after PM2.5 exposure, 
but the underlying mechanisms are still unclear (8,9).  
MiR-486 has been reported to inhibit mitochondrial 
mediated apoptotic pathway and protect against H2O2-
stimulated cardiomyocyte deaths (10). Also, miR-486-5p-
containing exosomes treatment is demonstrated to be an 
effective strategy to protect against endothelial injury (11). 
However, the roles of miR-486 in PM2.5-induced lung 
alveolar epithelial cell injury are still unknown.

In this study, miR-486 was found decreased in human 
lung alveolar epithelial A549 cells after incubated with 
PM2.5. Further data showed that miR-486 mimic 
administration inhibited PM2.5-induced cell injury in 
A549 cells. Moreover, we demonstrated that miR-486 
exerted cell-protecting effects through targeting PTEN and 
FOXO1. Overall, our study suggests that miR-486 prevents 
human lung alveolar epithelial cells from PM2.5-induced 
cell damages.

Methods

Materials and regents

PM2.5 (NIST, USA), Lipofectamine™ 2000 Transfection 
Reagent (Invitrogen, USA), TUNEL FITC Apoptosis 
Detection Kit (Vazyme, China), and ROS Assay Kit 
(Beyotime, China) were used.

PTEN overexpression plasmid-The CDS sequences 
was determined in NCBI. And PTEN CDS sequence 
was ligated into FUGW after amplified by PCR. PCR 
primers we used were as follows (the italic part was the 
digestion sequences of restriction enzyme): Forward primer: 
5'-GGGGGATCCATGACAGCCATCATCAA

A G A G AT C G - 3 ' ( B a m H 1 ) ;  R e v e r s e  p r i m e r : 
5'-GGGCTCGAGTCAGACTTTTGTA

ATTTGTGTATG-3'(Xho1). And FUGW used as a 
control plasmid.

The miR-486mimic, miR-486 inhibitor and siRNA 
FOXO1 purchase from RiboBio Co., Ltd (RiboBio, China).

PM2.5 preparation

The 50 mg PM2.5 particle was dissolved in 1 mL DMSO, 
then the mixture treated with ultrasonic vibration in 
Ultrasonic oscillometer for 20 min. Then the mixture was 
purified in centrifugal machine at 17,000 g and 4 ℃ for  
10 min.

Cell culture and transfection

A549 cells were cultured in the environment at 37 ℃ with 
5% CO2. And nutrient media components were Dulbecco 
modified Eagle medium (DMEM), 10% fetal bovine serum 
(FBS) and 1% penicillin-streptomycin (PS).

The transfection of A549 cells was carried out 24 h after 
cell seeding. Lipofectamine™ 2000 was used as transfection 
reagents following manufacturer’s instructions. Firstly, 
PTEN overexpressing plasmid, FOXO siRNA, miR-
486 mimic or inhibitor was mix with Lipofectamine™ 
2000 transfection reagent. Then the mixture was added to 
medium. Fresh medium was changed after 6–10 hours.

Quantitative real-time polymerase chain reaction  
(qRT-PCR)

Isolation and purification the total RNA from cells using 
RNAiso Plus (Takara, Japan) and then reverse-transcribed 
into cDNA by RevertAid First Strand cDNA Synthesis Kit 
(Invitrogen, USA). miRNA qPCR Primer (RiboBio, China) 
was used to determine the expression of miR-486 by Takara 
SYBR Premix Ex Taq (Takara, China) in a Roche Real-
Time PCR Detection System. 5S was used as an internal 
control.

TUNEL staining

TUNEL staining was performed according to the 
instruction manual. In brief, 4% PFA was used to fix the 
A549 cells and then stained with TUNEL staining buffer. 
Cell nucleus was stained with Hoechst dissolved in 5% 
BSA for 20 min at room temperature in darkness. Digital 
images were acquired by fluorescence microscope (Leica, 
Germany). TUNEL positive cells were counted with Image 
J software.
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Western blot

Protein was extracted from cells after treatment. SDS-
PAGE was used to separate the proteins and then the PVDF 
membrane (Millipore, USA) was used to blot the protein 
from polyacrylamide gel. The membrane was incubated 
with primary antibody at 4 ℃ overnight after blocked with 
5% BSA. The appropriate HRP-conjugated secondary 
antibodies were used to amplify the signals of primary 
antibodies. Then the ECL western blotting detection 
reagent (Tanon, China) was used to display the content of 
protein and quantified by Image J Software. The antibodies 
of GAPDH (ABclonal, USA), Bax (ABclonal, USA) and Bcl-
2 (ABclonal, USA) were used in this work.

ROS detection

The ROS generation of cells was measured by ROS Assay 
Kit (Beyotime, China). Specifically, after treatment, A549 
cells were washed with PBS and then incubated with  
10 μM DCFH-DA and 2 μg/mL Hoechst 33342 for 20 min. 
Digital images were acquired with fluorescence microscope. 
The fluorescence intensity was analyzed with Image J 
Software.

Statistical analysis

All data was expressed as mean ± SEM. All statistical 
analyses were performed through IBM SPSS Statistics 20.0. 
Variables between groups were subject to independent 
sample t-test. One-way analysis of variance (ANOVA) 
followed by Bonferroni’s post hoc test was used for multiple 
comparisons. P value less than 0.05 was considered 
statistically significant.

Results

miR-486 reduces PM2.5-induced cell apoptosis in human 
lung alveolar epithelial A549 cells

Human lung alveolar epithelial A549 cells were incubated 
with PM2.5 at concentration of 50 μg/mL. We firstly 
compared the expression of miR-486 in PM2.5-treated 
A549 cells and normal A549 cells. The expression of miR-
486 was dramatically decreased after PM2.5 incubated 
(Figure 1A), which suggested that the miR-486 may protect 
against PM2.5-induced cell injury. In order to confirm 
the potential protective effects of miR-486 in a PM2.5 
environment, miR-486 mimic was used to up-regulate the 

expression of miR-486 in A549 cells and TUNEL staining 
was performed to assess cell apoptosis. The results showed 
that miR-486 mimic could significantly reduce the amount 
of apoptotic cell in PM2.5-treatment (Figure 1B). In 
addition, miR-486 mimic also reduced the ratio of Bax/Bcl2 
which was determined by western blot (Figure 1C). Taken 
together, these results demonstrated that the overexpression 
of miR-486 protected against PM2.5-induced cell apoptosis.

miR-486 suppresses ROS generation in PM2.5-treated 
human lung alveolar epithelial A549 cells

Oxidative stress has been reported to play crucial roles in 
PM2.5 induced cytotoxicity (12). Then we detected the 
ROS production after PM2.5 exposure by DCFH-DA 
fluorescent probe. The results showed that ROS production 
was increased after PM2.5 treatment. Furthermore, miR-
486 mimic administration inhibited ROS production  
(Figure 2). These data suggested that miR-486 decreased 
ROS generation in PM2.5-treated human lung alveolar 
epithelial cells.

miR-486 negatively regulates PTEN and FOXO1

PTEN and FOXO1 were the direct targets of miR-486, 
which was reported in various cells (13-17). Here, we 
detected the expression of PTEN and FOXO1 by western 
blot in miR-486-modified cells. The results showed that 
miR-486 mimic decreased the protein levels of PTEN 
and FOXO1, while miR-486 inhibitor increased them in 
human lung alveolar epithelial A549 cells (Figure 3A,B). 
Furthermore, the expression of FOXO1 and PTEN was 
also up-regulated in PM2.5-treated A549 cells, which 
displayed an inverse correlation with miR-486 expression 
(Figure 3C,D). These data suggested that miR-486 
negatively regulated PTEN and FOXO1 expression, both 
of which might mediate the protective roles of miR-486 in 
PM2.5-induced cytotoxicity.

miR-486 decreases PM2.5-induced cell injury by 
inhibiting PTEN and FOXO1

Rescue experiments were performed to investigate the 
contribution of PTEN and FOXO1 in the protective effects 
of miR-486 for PM2.5-induced cell injury. In particular, 
miR-486 mimic transfection decreased the apoptosis 
of A549 cells after PM2.5 exposure, whereas PTEN 
overexpression reversed this effect (Figure 4A). Similarly, 
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Figure 1 miR-486 reduces PM2.5-induced apoptosis in A549 cells. (A) The expression of miR-486 in PM2.5 (50 μg/mL, 48 h)-stimulated 
A549 cells. (n=4); (B) TUNEL staining showed the ratio of apoptotic A549 cells after PM2.5 treatment (50 μg/mL, 48 h) with miR-486 
mimic transfection (50 μM, 48 h), (n=4); (C) the protein ratio of Bax/Bcl-2 expression in PM2.5-treated A549 cells (50 μg/mL, 48 h) with 
miR-486 mimic transfection (50 μM, 48 h) (n=3). Scale bar: 100 μm. *, P<0.05; **, P<0.01.
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Figure 2 miR-486 suppresses oxidative stress in PM2.5-induced A549 cells. The ROS level in PM2.5-treated A549 cells (50 μg/mL, 48 h) 
with miR-486 mimic (50 μM, 48 h) (n=4). Scale bar: 100 μm. *, P<0.05; **, P<0.01.
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Figure 3 miR-486 negatively regulates PTEN and FOXO1 in A549 cells. (A) The protein expression of PTEN and FOXO1 in A549 cells 
treated with miR-486 mimic (50 nM, 48 h, n=3); (B) the protein expression of PTEN and FOXO1 in A549 cells treated with miR-486 
inhibitor (100 nM, 48 h, n=3); (C) FOXO1 expression in PM2.5 stimulated (50 μg/mL, 48 h) A549 cells (n=3); (D) PTEN expression in 
PM2.5 stimulated (50 μg/mL, 48 h) A549 cells (n=3). *, P<0.05; **, P<0.01.

miR-486 inhibition increased the apoptosis of A549 cells 
after PM2.5 exposure, whereas FOXO1 knockdown 
abolished this increase (Figure 4B). Both the overexpression 
of PTEN and the knockdown of FOXO1 were validated 
by western blot (Figure 4C,D). Collectively, the results 
indicated that miR-486 protected PM2.5-induced cell injury 
by inhibiting PTEN and FOXO1 (Figure 4E).

Discussion

Long-term exposure of PM2.5 increases the occurrence 

of respiratory diseases. It has been reported that PM2.5 
treatment could induce genetic and epigenetic changes in 
airway tissues. However, the underlying biological processes 
and molecular mechanisms are still unknown (18). The 
present work firstly reported the down-regulation of miR-
486 after PM2.5 treatment. Moreover, we demonstrated 
that miR-486 overexpression protected against PM2.5-
induced cell injury by targeting PTEN and FOXO1. 

MiRNAs are small non-coding RNAs, which act as 
intracellular regulators in diverse biological processes. 
Due to their powerful functions and flexible manipulation, 
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Figure 4 miR-486 protects against PM2.5-induced cell injury by inhibiting PTEN and FOXO1. (A) The apoptosis of A549 cells transfected with 
miR-486 mimic (50 nM, 48 h) and PTEN overexpressing plasmid in PM2.5 exposure; (B) the apoptosis of A549 cells transfected with miR-486 
inhibitor (100 nM, 48 h) and FOXO1 siRNA (100 nM, 48 h) in PM2.5 exposure; (C) PTEN expression in A549 cells transfected with PTEN-
overexpressing plasmid (n=3); (D) FOXO1 expression in A549 cells transfected with FOXO1 siRNA (n=3); (E) a working model demonstrating how 
miR-486 works under the effect of PM2.5. Scale bar: 100 μm. *, P<0.05; **, P<0.01. ↑, upregulation; ↓, downregulation; →,  promote; -|, inhibition.
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miRNAs are becoming the most potential therapeutic tools 
in pre-clinical research (19). Several studies have reported 
the correlations between miRNAs and PM2.5 exposure. 
In an epidemiologic study from Greater Boston area, the 
authors reported a negative correlation between ambient 
particles exposure and the expression of miR-1, miR-126, 
miR-135a, miR-146a, miR-155, miR-21, miR-222 and 
miR-9 (20). A similar study reported that the higher PM2.5 
exposure was negatively associated with several miRNAs, 
including miR-21-5p, miR-187-3p, miR-146a-5p, miR-1-
3p and miR-199a-5p (21). MiRNA profiling are performed 
to uncover the aberrant miRNAs expression after PM2.5 
exposure, but their functions and mechanisms are rarely 
studied (8,9,18,22-26). Among these differentially expressed 
miRNAs, only Let-7a, miR-32, miR-1228*, miR-4516 and 
miR-574-5p were reported to play roles in PM2.5-induced 
cell injury (9,25,27,28). In this study, we not only reported 
the protective roles of miR-486 in PM2.5-induced cell 
injury but also revealed the downstream mediators of miR-
486 during this process.

MiR-486 has been reported to play roles in cell growth 
and cell apoptosis in various cells. For instance, miR-
486 reduces H2O2-stimulated cardiomyocyte apoptosis 
by targeting p53-mediated mitochondrial apoptotic  
pathway (10). In bovine mammary epithelial cell, the 
overexpression of miR-486 promotes cell proliferation (15). 
Human cord blood endothelial colony forming cells 
(ECFCs) derived miR-486-enriched exosomes protect mice 
against kidney ischemia/reperfusion injury via targeting 
PTEN (11). The functions of miR-486 in cancer cells are 
controversial, some researchers report miR-486 acts as a 
tumor suppressor and induces cell apoptosis. Others reveal 
that miR-486 promotes cell proliferation by targeting 
PTEN (29-32). However, the functional study of miR-
486 in PM2.5-stimulated cell injury is unknown. Our 
work demonstrated that miR-486 mimic administration 
prohibited cell apoptosis in A549 cells. Further data 
showed that miR-486 overexpression also decreased 
PM2.5-stimulated ROS production in A549 cells. Both of 
which suggested that miR-486 was a potential regulator in 
preventing PM2.5-stimulated cell injury.

PTEN and FOXO1 been reported to be participated in 
cell apoptosis regulation. PTEN promotes cell apoptosis by 
antagonizing the PI3K/Akt signaling pathway (33). FOXO1 
promotes cell death by activating the expression of apoptotic 
proteins (34). As shown in our work, miR-486 negatively 
regulated the protein levels of PTEN and FOXO1. 
Moreover, the overexpression of PTEN depressed the anti-

apoptotic effects brought by miR-486 overexpression. The 
knockdown of FOXO1 abolished the pro-apoptotic effects 
produced by miR-486 inhibition. On the whole, these data 
demonstrated that miR-486 protected human lung alveolar 
epithelial A549 cells from PM2.5-stimulated cytotoxicity by 
targeting PTEN and FOXO1.

Conclusions

In summary, our work found that miR-486 was down-
regulated in PM2.5-exposed A549 cells. And miR-486 could 
relieve cytotoxicity in PM2.5-treated human lung alveolar 
epithelial A549 cells by targeting PTEN and FOXO1. 
Our study provided miR-486 administration as a potential 
therapeutic strategy for PM2.5-induced cell injury.
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