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Background: Airway epithelial cells (AECs) and alveolar macrophages are involved in airway inflammation. The direct effects of
atmospheric fine-particulate-matter (PM2.5) on airway cells, such as AECs and alveolar macrophages, have been widely investigated,
but the effect of cell-cell interaction on inflammatory response remains unclear. Exosomes play a crucial role in intercellular
communication. However, the cellular interaction of exosomes in PM2.5-induced airway inflammation is unclear.

Methods: The PM2.5-induced human bronchial epithelial (BEAS-2B) cells and phorbol 12-myristate 13-acetate-induced macro-
phages (M¢) were co-cultured and then the expression of IL-6, IL-1B, TNF-a and miRNA-155-5p were detected. Exosomes from
PM2.5-exposed BEAS-2B cells were then co-cultured with Mo to detect the expression of miR-155-5p and inflammatory cytokines, as
well as cytokine signaling inhibitor-1 (SOCS1)/NFkB, and to detect the effect of the exosome inhibitor GW4869.

Results: After the co-culture of PM2.5-induced BEAS-2B cells and Mo, the expression of Me-derived IL-6, IL-1f, and TNF-a, as
well as miRNA-155-5p were upregulated. The expression of miRNA-155-5p was upregulated in BEAS-2B and BEAS-2B cell-derived
exosomes after exposure to PM2.5. Furthermore, co-culturing exosomes derived from PM2.5-exposed BEAS-2B cells with Mo,
upregulated miR-155-5p and inflammatory cytokines, decreased cytokine signaling inhibitor-1 (SOCS1) expression, and activated NF-
kB. In addition, adding exosome inhibitor GW4869 to PM2.5-interfered BEAS-2B cells co-culture with M@ downregulated miRNA-
155-5p expression, inhibited NF-xB, and reduced the levels of inflammatory factors.

Conclusion: PM2.5 promotes Mo inflammation by upregulating miRNA-155-5P in exosomes obtained from BEAS-2B cells through
miR-155-5P/SOCS1/NF-kB pathway. Exosomal miRNAs mediate cellular communication between BEAS-2B cells and Mg, which
may be a new mechanism of PM2.5-stimulated pulmonary inflammatory response.
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Introduction

Airway inflammation is the major driver of chronic obstructive pulmonary disease (COPD) and asthma. Airway
epithelial cells (AECs) and alveolar M¢ play a vital role in airway inflammation. AECs serve as the primary barrier
against inhaled particles and pathogens and can directly respond to harmful substances, secrete pro-inflammatory factors
and chemokines, initiate the immune response and attract inflammatory cells." Activated alveolar macrophages (AMs)
can release various cytokines and inflammatory mediators.> The direct impacts of PM2.5 on AECs and alveolar
macrophages have been studied, but the regulatory mechanism of cell-cell interactions on inflammatory response is
not clear.

PM2.5 is the main harmful pollutant in smog.>* PM2.5 can significantly increase the incidence of asthma and COPD,
impair lung function, and increase the mortality rate of lung cancer.’’ PM2.5 exposure strongly induces airway
inflammation in chronic airway diseases.® ' PM2.5 acts on airway epithelial cells, leading to mitochondrial dysfunction
and inflammatory cytokine release.!' PM2.5 regulates PI3K/Akt/mTOR signaling pathway by upregulating
interleukinl7A. It also inhibits bronchial epithelial cell autophagy and promotes pulmonary inflammation.'> PM2.5
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induces airway inflammation by activating NLRP3 inflammasome in bronchial epithelial cells.'? Exposure to PM2.5 can
increase the production of reactive oxygen species in alveolar macrophages, activate the stimulating NF-kB signal
transduction, and induce airway inflammation.'* The direct effects of PM2.5 on airway cells, such as AECs and alveolar
macrophages, have been widely reported, but how PM2.5 affects macrophages remains unclear.

Exosomes are nanoscale extracellular vesicles, typically measuring between 40 and 160 nanometers in diameter, with an
average size of 100 nanometers. They carry bioactive molecules, such as proteins, RNAs, microRNAs (miRNAs), DNAs,
etc. Exosomal miRNAs can be transported to neighboring cells or enter recipient cells via body fluids to maintain their
biological activity and regulate protein expression in recipient cells through transcription, translation or direct effects at the
protein level.'>'® Pulmonary exosomes can be derived from different types of cells, including bronchial epithelial cells,
lung macrophages, and dendritic cells.'” Studies have reported that exosomal miRNAs are responsible for the onset of
chronic airway inflammatory disorders, including asthma and COPD.'®'° Extracellular vesicles inhibit NLRP3 inflamma-
some by delivering miR-223/142, thereby inhibiting macrophage activation and pulmonary inflammation.”® Alveolar
epithelial exosomal miR-92a-3p promotes sepsis-induced acute lung injury by activating alveolar macrophages.”'
Macrophages deliver exosomal miRNA-142-3p to lung fibroblasts and AECs, inhibiting the progression of pulmonary
fibrosis.”? The exosome inhibitor GW4869 is a symmetric dihydroimidazolamide compound with cell permeability, which
can significantly reduce the release of exosomes, and has been widely used in experimental studies.”’

miRNA-155 is a versatile microRNA known for its pivotal role in modulating inflammatory pathways across different
cellular types and organs.”*** Jiang and co-workers®® found that serum exosomes of mice with acute lung injury can
activate NF-kB by delivering miR-155 to macrophages, thereby targeting SHIP1 and SOCS1. miR-155 can upregulate
TNF-a and IL-6, inducing macrophage proliferation and inflammatory response. Inhibition of miR-155 alleviated sepsis-
induced acute lung injury via the IRF2BP2/NFAT1 axis.”” miRNA-155-5p expression was increased in the AMs of
smokers and COPD patients and in the AMs of cigarette smoke-exposed mice. Besides, miR-155-5p inhibition
significantly attenuated inflammatory response in cigarette smoke-exposed mice and alveolar macrophages.”® miR-
155 has various target genes, such as SOCS1 and SHIP1 genes, which mainly affect inflammation.”” SOCS1 modulates

the inflammatory response by suppressing NF-kB signal transduction.*®!
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This study investigated how PM2.5 regulates macrophage-mediated inflammatory response through the bronchial
epithelial exosome miR-155-5p.

Methods

Human Bronchial Epithelial (BEAS-2B) Cell Culture
BEAS-2B cell line was supplied by Fu Heng Biology (Shanghai, China) and cultured in DMEM containing 10% FBS,
1% penicillin/streptomycin. The cells were maintained at 37°C and 5% CO,.

PM2.5-Induced BEAS-2B Cells

First, 5 pg/ul PM2.5 (SRM 1648a, NIST, USA) stock solution was prepared with DMEM containing 10% FBS. BEAS-
2B cells were placed in 175T culture bottles, and the final concentration of PM2.5 was 0, 100, 200, and 400 pg/mL for
approximately 48 hours per generation. Culture cycles were repeated for 5 generations to simulate chronic exposure.*
After reaching the 5th generation, the medium was renewed with DMEM without FBS, and after 24h, the cell culture
supernatant was collected for follow-up experiments.

Acquisition and ldentification of Mo
The human monocytic cell line (THP-1) was obtained from Fu Heng Biology. Cells were cultured in RPMI-1640
medium containing 10% FBS, 1% penicillin/streptomycin, and maintained at 37°C and 5% CO,.

THP-1 cells (5x10° /well) were grown 6-well plates containing 10 ng/mL phorbol 12-myristate 13-acetate (PMA,
Apexbio, USA) for 48h to differentiate into adherent M. Subsequently, the culture medium was renewed, and cells were
incubated for 24h for subsequent experiments. Cell surface CD11b (Elabscience, Wuhan, China) was detected by flow
cytometry to identify Me.

PM2.5-BEAS-2B Co-Cultured with Mo

According to the final concentration of PM2.5 (0, 100, 200, and 400 pg/mL), the experiment was divided into four
groups: Group A (control group): PM2.5,-BEAS-2B+Me, Group B: PM2.5,0p-BEAS-2B+Me, Group C: PM2.5,90-
BEAS-2B+Mg¢, and Group D: PM2.5,30-BEAS-2B+Me. BEAS-2B cells exposed to diverse PM2.5 concentrations were
co-cultured with M¢ in the Transwell chamber (Getter Biotechnology Co., Guangzhou, China) at 37°C and 5% CO,. The
upper layer consisted of PM2.5-stimulated BEAS-2B cells, and the lower layer consisted of M. The supernatant of the
lower cell culture was collected for measuring inflammatory factors. The total RNA and protein of macrophages were
extracted for subsequent experiments.

Exosome Extraction, Characterization, and M¢ Uptake of Exosomes
Exosome Extraction

1** and He et al,** exosomes (BEAS-2B-Exo) were extracted from

According to the experimental methods defined by Xu et a
BEAS-2B cell culture supernatant using ExoQuick-TC™ (System Biosciences, USA). Briefly, the supernatant was cen-
trifuged at 3000xg for 30 min to eliminate dead cells and cellular debris, followed by an additional 10,000xg for 20 min to
eliminate other large vesicles. The centrifuged supernatants were subjected to ultrafiltration using a 100-kDa ultrafiltration
device (Amicon Ultra-15, Millipore, USA) to remove microparticles. Then, the supernatant was transferred to a sterile vessel.
ExoQuick-TC™ was mixed with the bio-fluid and kept at +4°C overnight. Next, the supernatant and ExoQuick-TC™
mixture were centrifuged at 1500%g for 30 min. The supernatant was aspirated, and the residual solution was centrifuged at
3000xg for 5 min. Following centrifugation, exosomes formed a beige pellet at the vessel’s base. The supernatant was

carefully aspirated, and exosomes were finally resuspended in 200 uL. PBS for subsequent analyses.

Exosome Characterization

Exosome morphologies were examined via transmission electron microscopy (TEM) (HT7800, Hitachi, Japan). Exosome
particle size was detected by Zeta potential and particle size analyzer (90Plus Pals, Brookhaven Instruments, USA). Heat
shock protein 70 (HSP70) (Boster, Wuhan, China) and CDS81 (Boster, Wuhan, China) were detected by Western blotting.
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BEAS-2B-Exo Uptake by Mo

To measure the BEAS-2B-Exo internalization by Mo, staining of BEAS-2B-Exo with PKH67 (MeiSbio, Beijing,
China) was conducted. These exosomes were re-isolated using the same exosome isolation approach employing
ExoQuick-TC™ (System Biosciences). BEAS-2B-Exo was finally resuspended in 100 L PBS. Stained BEAS-2B-
Exo was incubated with Mo at 37°C and 5% CO, for 6h. M@ was rinsed twice with PBS, and each well was fixed
with 250 pL of 4% paraformaldehyde for 20 min. M@ were rinsed thrice with PBS. Subsequently, 200 uL. of DAPI
(Boster, Wuhan, China) solution was added, dark incubated for 10 minutes, and rinsed thrice with PBS.
Intracellular green fluorescence was examined under a fluorescence microscope (IX73, Olympus, Japan) and
photographed.

Exosomes Derived from PM2.5-Exposed BEAS-2B Cells (PM2.5-BEAS-2B-Exo)
Co-Cultured with Mo

According to the final intervention concentration of PM2.5 (0, 100, 200, and 400 pug/mL), the cells were assigned to 4
groups: Group E (control group): PM2.5)-BEAS-2B-Exo+Me, Group F: PM2.5,39-BEAS-2B-Exo+Mg, Group G:
PM2.5,00-BEAS-2B-ExotM¢, and Group H: PM2.5,0)-BEAS-2B-Exo+Me. 200 uL of PM2.5-BEAS-2B-Exo was
added to Me. Mo were cultured at 37°C and 5% CO, for 48h. The supernatant was harvested for measuring
inflammatory factors. Total RNA and protein of M¢ were isolated for subsequent experiments.

The Role of Exosome Inhibitor GW4869

To verify whether miR-155-5p is transmitted between BEAS-2B and Mo through the exosome pathway, cells were
divided into three groups: Group A: PM2.5)-BEAS-2B+Me, Group C: PM2.5,0o-BEAS-2B+Mg, and Group I: PM2.5,¢,
-BEAS-2B+GW4869+Mo. A co-culture system was established, with PM2.5-BEAS-2B cells and Mg in the upper and
bottom layers, respectively. In Group I, 10 pM of GW4869 (Topscience, Shanghai, China) was added to the upper layer
and incubated at 37°C and 5% CO, for 48h. The subculture supernatant was collected for measuring inflammatory
factors. The total RNA and protein of M@ were extracted for subsequent experiments.

Expression of miRNA-155-5p, SOCSI, and NF-kB mRNA

The expressions of miRNA-155-5p, SOCS1, and NF-kB mRNA in BEAS-2B-Exo, BEAS-2B cells, and M¢ were
determined through qRT-PCR. RNA extraction and cDNA synthesis were conducted using miRNA-1st-Strand-cDNA-
Synthesis-Kit and Evo-M-MLV-RT-Mix-Kit-with-gDNA-Clean for gPCR Ver.2 (Accurate Biotechnology, Hunan, China).
Primer pairs for mRNA and miRNA (Table 1) were purchased from Accurate Biotechnology (Hunan, China). qRT-PCR

Table | Primers Sequence

Gene Primer sequence (5'-3')

SOCs| Forward: CAGTCTCCACAGCAGCAGAGC
Reverse: GAATGTGCGGAAGTGCGTGT

NF-«xB Forward: GTGGAGGATTTGCTGAGGGC
Reverse: CGTTGGGGTGGTCAAGAAGTAG

IL-6 Forward: CACTGGTCTTTTGGAGTTTGAGG
Reverse: CTGGCATTTGTGGTTGGGT

IL-1B Forward: CGAATCTCCGACCACCACTA
Reverse: CACATAAGCCTCGTTATCCCAT

TNF-a Forward: AGGCGGTGCTTGTTCCTCA

Reverse: GTTCGAGAAGATGATCTGACTGCC
GAPDH Forward: GCACCGTCAAGGCTGAGAAC
Reverse: TGGTGAAGACGCCAGTGGA
miR-155-5p | TTAATGCTAATCGTGATAGGGG

ué Forward: GGAACGATACAGAGAAGATTAGC
Reverse: TGGAACGCTTCACGAATTTGCG
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was performed using the SYBR®-Green-Premix-Pro-Taq-HS-qPCR-Kit and the SYBR®-Green-Premix-Pro-Taq-HS-
qPCR-Kit-II (Accurate Biotechnology, Hunan, China). The relative expression of mRNA or miRNA was computed
using the 2-AACT approach and normalized to GAPDH or U6, respectively.

The Expression of HSP70, CD8I, and SOCSI, NF-kB pé5 (P65), Phospho-NF-kB p65

(PP65) Were Detected in Mo

Western blotting was conducted to determine the protein levels of HSP70, CD81, SOCS1, P65, and PP65 in M. Total proteins
were extracted from exosomes and M@ using RIPA lysis buffer (Solarbio, Beijing, China). The protein specimen was
separated through SDS-PAGE and transferred onto PVDF membranes. After blocking with protein-free rapid-blocking
solution (Boster, Wuhan, China) for 1h, the membranes were exposed to rabbit anti-SOCS1 polyclonal antibody (Boster),
rabbit anti-P65 polyclonal antibody (Boster), rabbit anti-PP65 monoclonal antibody (CellSignalingTechnology), rabbit anti-f-
tublin polyclonal antibody (Boster), and rabbit anti-GAPDH polyclonal antibody (Boster) at 4°C overnight. After washing
with TBST buffer, the membranes were exposed to goat anti-rabbit IgG (Signalway Antibody) for 1 hour. Lastly, bands were
visualized using an enhanced chemiluminescence kit, and GAPDH or B-tubulin was utilized as the internal control.

Detection of IL-1f3, IL-6, and TNF-a

The levels of IL-1p, IL-6, and TNF-a in supernatant were determined using an ELISA kit (Feiya Biotechnology, Jiangsu,
China) following the manufacturers’ instructions. Absorbance was read at 450 nm using an enzyme-labeled instrument.

Statistical Analysis

All experiments were conducted utilizing a minimum of 3 independent assays. Data are expressed as mean+standard deviation.
Statistical tests were performed with SPSS 19.0 software. One-way ANOVA was employed to compare means among multiple
groups, followed by post hoc LSD tests for inter-group comparisons. Statistical significance was defined as P<0.05.

Results
PM2.5-BEAS-2B Was Co-Cultured with Mp to Promote the Inflammation of Mo

Through the miR-155-5p /SOCSI/NF-kB Pathway

PM2.5-BEAS-2B was co-cultured with Mo (Figure 1A), the results showed that miR-155-5p levels in Mg increased with
the increase of PM2.5 concentration, SOCS1 mRNA and protein expression decreased, and PP65 protein and PP65/P65
ratio increased. The levels and mRNA expression of inflammatory cytokines IL-1B, IL-6 and TNF-a were increased
(Figure 1B—G). The results showed that PM2.5-BEAS-2B co-culture with M@ can promote the inflammatory response of
Mg, which may be related to the miR-155-5p /SOCS1/NF-kB pathway.

Characterization of Exosomes and Uptake of BEAS-2B-Exo by Mo
TEM showed that exosomes were spherical (Figure 2A). The size distribution of exosomes shows a diameter in the 50-150nm
range (Figure 2B). The expression of exosome surface markers HSP70 and CD81 protein was positive (Figure 2C).

Meo: The round and suspended THP-1 cells were differentiated by PMA, and the cells changed from suspension to
adhesion state. Some of the cells had pseudopods protruding and showed fusiform (Figure 2D). Flow cytometry showed
that CD11b expression in M@ was higher than that in THP-1 [(96.7+4.7) % vs (66.1+4.6) %], the difference was
statistically significant (p < 0.01), indicating that THP-1 cells were induced to become M¢ (Figure 2E).

PKHG67 fluorescently labeled BEAS-2B-Exo was incubated with M¢ for 6 hours, and the co-localization of BEAS-2B-Exo
and M¢ could be seen under fluorescence microscopy, indicating that BEAS-2B-Exo could be ingested by M¢ (Figure 2F).

Expression of miR-155-5p in PM2.5-BEAS-2B and PM2.5-BEAS-2B-Exo
The expression of miR-155-5p in PM2.5-BEAS-2B and PM2.5-BEAS-2B-Exo increased with the increase of PM2.5
concentration (Figure 3A and B).
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Figure | PM2.5-BEAS-2B co-cultured with M. (A) PM2.5-BEAS-2B cell co-cultured with Mg mode diagram; (B) Cellular supernatant IL-6, IL-1f3, TNF-a contents of Mo
co-cultured with PM2.5-BEAS-2B cells; (C) mRNA expression levels of IL-6, IL-1B, TNF-o in Mo co-cultured with PM2.5-BEAS-2B cells; (D) miR-155-5p expression level
in Mg co-cultured with PM2.5-BEAS-2B cells; (E) mRNA expression levels of SOCSI, NF-«kB in Mg co-cultured with PM2.5-BEAS-2B cells; (F and G) Protein expression
level of SOCSI, P65, PP65 in Mg co-cultured with PM2.5-BEAS-2B cells as detected by Western blot analysis as well as statistical analysis of gray values. Experimental
group: group A PM2.5,-BEAS-2B+Mg, group B PM2.540-BEAS-2B+Mg, group C PM2.5500-BEAS-2B+Mg, group D PM2.5,400-BEAS-2B+M¢. **P<0.01, *P<0.05 vs group A.

PM2.5-BEAS-2B-Exo Promotes M@ Inflammation Through the miR-155-5p /SOCSI/
NF-kB Pathway

PM2.5-BEAS-2B-Exo was co-cultured with Mg (Figure 4A). The results showed that with the increase of PM2.5
intervention concentration, the expression of miR-155-5p in Mg was increased, the expression of SOCS1 mRNA and
protein was down-regulated, PP65 protein and the ratio of PP65/P65 was increased, and the contents and mRNA
expression levels of inflammatory factors IL-1B, IL-6 and TNF-a were increased. All showed PM2.5 concentration
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dependence (Figure 4B—G). The results suggest that miR-155-5p /SOCS1/NF-kB pathway may be related to
PM2.5-BEAS-2B-Exo promoting M¢ inflammatory response.

GW4869 Can Improve Mo Inflammation

PM2.5,00-BEAS-2B cells were treated with GW4869 and co-cultured with M@. The results showed that M¢ inflamma-
tory cytokines IL-1B, IL-6 and TNF-a were significantly increased in group C (PM2.5-200-BEAS-2B+Mg¢), and
GW4869 could decrease the expression of inflammatory cytokines (Figure 5A and B). In group C, the level of miR-
155-5p was significantly increased, SOCS1 expression was decreased, PP65 expression and PP65/P65 ratio were
increased, and GW4869 could improve the effect of PM2.5 (Figure SC-F).

Discussion
With the development of society, PM2.5 pollution has increasingly become a threat to human health. PM2.5 exposure
most likely leads to direct toxicity, oxidative stress, and inflammation.

Jia et al® showed that PM2.5 can cause lung inflammation in mice. BEAS-2B cell exposure to PM2.5 could elevate
inflammatory cytokines. PM2.5 exposure can induce oxidative stress by activating NF-kB and MAPK signal transduc-
tion, enhance the expression of pro-inflammatory factors, reduce airway epithelial cell viability, trigger cell apoptosis,
and results in airway barrier dysfunction.” PM2.5 induces the release of IL-6, IL8, and IL-1p by human bronchial
epithelial cells through the Wnt5a/Ror2 axis.”> Recently, the primary focus of research has been on the mechanism of
airway epithelial cell inflammation after PM2.5 exposure. In our work, it was found that co-culture of PM2.5-stimulated
BEAS-2B cells with M@ can promote Mg-mediated inflammatory response, suggesting that PM2.5 can indirectly affect
Meo-induced inflammation through the communication between BEAS-2B cells and M. Further studies showed that
miR-155-5p is overexpressed in PM2.5-stimulated BEAS-2B cells, and its expression increased with the increase in
PM2.5 concentration. Similarly, we observed that miRNA-155-5p expression upregulated with PM2.5 concentration in
BEAS-2B-derived exosomes. These data imply that PM2.5 exposure can change BEAS-2B-derived miRNA-155-5p,
which may be transmitted by exosomes to M@ to induce inflammatory changes.

Exosome plays a vital role in cell communication by transporting functional proteins, metabolites, and nucleic acids
to recipient cells. Recent research has illustrated that exosomes are responsible for the development of lung diseases.

Wang et al*® indicated that exosomes obtained from cigarette smoke extract-treated mouse AECs induce M1 macrophage
polarization by inducing receptors in myeloid cells-1 in COPD. The expression of type I collagen, aSMA, BIP, XBPls,

and P-elF2a were upregulated in macrophage-derived exosomes (SiO2-Exos) exposed to silicon and co-cultured with
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fibroblasts, suggesting that SiO2-Exos promoted pulmonary fibrosis.>” CSE-exposed BEAS-2B cells alleviated M2
macrophage polarization by modulating exosomes and inhibiting BEAS-2B cell EMT in COPD.>* We found that the
exosomes derived from PM2.5-stimulated BEAS-2B cells can be internalized by Mo, and Me-derived IL-6, IL-1f3, and
TNF-a were obviously increased after co-culturing. The exosome inhibitor GW4869 reduced Me-mediated inflammatory
response after co-culturing with PM2.5-stimulated BEAS-2B cells. These data imply that BEAS-2B cells transmit signals
to Mo via exosomes to induce inflammatory response.

miRNA is diminutive, single-stranded, non-coding RNA molecule implicated in various cellular activities. miRNAs
can be loaded onto exosomes, stably transported to target cells, and expressed to exert biological effects. In sepsis, miR-
125b-5p in adipose-stem cell-derived exosomes may regulate the expression of Kelch-like cycloassociated protein 1
(Keapl)/nuclear transcription factor (Nrf2)/glutathione peroxidase 4 (GPX4), reduce iron-mediated death of pulmonary
microvascular endothelial cells.*® miR-377-3p in HUCMSC-derived exosomes improved lipopolysaccharide-induced
acute respiratory failure by targeting a regulatory associated protein of mTOR (RPTOR) and inducing autophagy.’® Wang
et al*” investigated the role of pulmonary exosomes in PM2.5-stimulated cardiomyocyte apoptosis and impaired heart
function and showed that pulmonary exosomes can transfer miR-421 and target cardiac ACE2, thereby mediating
PM2.5-induced cardiac muscle cell death and impaired heart function. Similarly, our study revealed the role of exosomal
miRNA in PM2.5-stimulated Mo inflammatory responses. We exposed BEAS-2B cells to PM2.5, extracted exosomes
from cell supernatant, and observed that exosomal miRNA-155-5P was upregulated with the increase in PM2.5
concentration. Extracted exosomes were co-cultured with M¢, and the findings demonstrated that miRNA-155-5P
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expression increased in Mo with the increase of PM2.5 concentration. Similarly, the expression of M inflammatory
factors also increased with changes in PM2.5 concentration.

miR-155 regulates inflammation in various pathological conditions. Using bioinformatics tools, SOCS1, a negative
modulator of NF-xB, was found to be a promising target of miRNA-155. Inhibition of miRNA-155 significantly altered
the inflammatory response after stroke.*' In staphylococcal enterotoxin B-induced acute respiratory failure, miRNA-155
promoted lung inflammation by targeting SOCS1.*> The total saponins from Panax japonicus reduced adipocyte
inflammation by inhibiting miRNA-155/SOCS1/NF-kB signaling pathway.* In addition, other signaling pathways
besides NF-kB signaling pathway also play an important role in PM-induced pulmonary inflammation. TLR3 activation
in macrophages has been observed in PM2.5-containing cigarette smoke.** PM2.5 can cause lung inflammation in mice
via the TLR4/NF-«kB/IxBa signaling pathway.*> The NF-kB signaling pathway was studied in the study. This study also
demonstrated that miRNA-155-5P was upregulated, SOCS1 expression was downregulated, PP65 expression was
increased, and IL-6, IL-1f3, and TNF-a were upregulated in Mg after co-culturing PM2.5-stimulated BEAS-2B cells
with Mg. Comparable findings were achieved after co-culturing PM2.5-stimulated BEAS-2B cell-derived exosomes with
Meo. These results suggest that the miRNA-155-5P/SOCS1/NF-kB axis may be responsible for PM2.5-induced M¢
inflammation.

PM2.5 is involved in the occurrence and development of many respiratory diseases such as COPD, bronchial asthma
and lung cancer. Chronic airway inflammation is one of the important mechanisms of COPD and bronchial asthma. The
results of this study suggest that PM2.5 can promote Mo inflammatory response by up-regulating the BEAS-2B cell-
derived exosome miR-155-5P. This will provide a new possible theoretical basis for the pathogenesis of chronic
pulmonary inflammatory diseases such as COPD and bronchial asthma.

In this study, we studied in vitro the promotion of macrophage-mediated inflammatory response by PM2.5 via the
exosome miR-155-5p derived from airway epithelium cells, and the concentration of PM2.5 used in vitro may be
somewhat different from that in vivo. The specificity of miRNA-155-5p also requires further study. In the follow-up
experiment, we will further conducte in vitro experiments and study the specificity of miRNA-155-5p.

Conclusion

In summary, PM2.5 promoted M¢ inflammatory response by upregulating BEAS-2B cell-derived exosome miR-155-5P,
which may be related to the miRNA-155-5P/SOCS1/NF«B axis. In addition, GW4869 improved M¢ inflammatory
response. Together, our results suggest a new mechanism by which PM2.5-stimulated BEAS-2B cells promote Mg
inflammatory response. Exosomal miRNAs mediate cellular communication between BEAS-2B cells and Mg, which
may provide a new molecular target for treating pulmonary inflammation caused by PM2.5.
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