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1 Introduction
Chronic obstructive pulmonary disease (COPD) is 

characterized by persistent airflow limitation and air-way 
remodeling, which is one of the major cause of morbidity and 
mortality worldwide and predict to be the third leading cause of 
death by 2030 (Postma et al., 2015; Kim et al., 2017). Smoking 
or cigarette smoke extract exposure can cause local infiltration 
of inflammatory cells such as macrophages, lymphocytes and 
neutrophils, eventually leading to lung damage and the stenosis 
of small airway, which is considered as the predominant factor 
and attributed to approximately 80-90% of the COPD cases 
(Tuder & Petrache, 2012). However, only 10-15% of smokers 
develop COPD, implying other factors, such as genetic factors, 
may increase the risk in certain individuals (Mayer & Newman, 
2001). Alveolar macrophages were considered as the first line 
of the innate immune defense against cigarette smoke attack 
through the secretion of various pro-inflammatory mediators 
and production of airway mucus, which are directly related to 
the occurrence and progression of airflow limitation and airway 
remodeling, and then leads to COPD (Thepen  et  al., 1994; 
Murugan & Peck, 2009).

Autophagy is the basic cellular process helping to maintain 
the homeostatic balance among the synthesis, degradation 
and recycling of cellular proteins and organelles. Although 
autophagy occurs at basal levels in all cells to maintain cellular 
homeostasis, it is also initiated by various cellular stresses or 

environmental conditions, such as oxidants, inflammation, 
hypoxia, or inhaled xenobiotics (Ryter & Choi, 2010; Cheng et al., 
2009; Racanelli et al., 2018). The complete autophagy process 
includes autophagosome production, autophagosome binding 
degradation substrate, autophagosome fuses with a lysosome 
and autophagic substrate degradation (Parzych & Klionsky, 
2014). Beclin1 is involved in the initial stage of autophagy and 
plays a role in initiating autophagy (Ha & Kim, 2016). LC3-II 
is a marker for autophagosome formation (Heckmann et al., 
2017). The autophagy substrate p62 recognizes the ubiquitinated 
degradation substrate, which are bound and degraded by 
autophagosomes, after that, the protein level is down regulated 
(Katsuragi et al., 2015). Recent studies have shown a marked 
increase in the expression of markers of autophagy in lungs 
of patients with COPD and in mice lung cells exposed to CS 
(Zeng et al., 2018; Sukkar & Harris, 2017; Wu et al., 2020), but 
the mechanism is not completely understood.

MicroRNAs (miRNAs or miRs) are a class of small non‑coding 
RNA molecules (19-35 nucleotides in length) which modulate the 
levels of specific genes and proteins (Li & Rana, 2014). MiR‑155 is 
a typical multifunctional miRNA located in the third exon of 
the B-cell Integration Cluster gene on human chromosome 
21 is involved in the development of various diseases including 
pulmonary inflammatory diseases (Faraoni et al., 2009). Using 
a mouse model of lung injury induced by influenza infection, 
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it was found that lung inflammation was significantly inhibited 
in miR-155 knockout mice (Pociask et al., 2017). In cell model, 
overexpression of miR-155 significantly aggravated LPS-induced 
lung epithelial cell damage and inflammatory factor production, 
while inhibition of miR-155 was resistant to LPS-induced 
lung epithelial cell injury and inflammatory factor production 
(Zech et al., 2015). However, the role and molecular mechanisms 
underlying the regulation of miR-155 on the inflammation and 
autophagy of CS-induced COPD are still unknown. Therefore, in 
this study, we evaluated the expression of miR-155 and autophagy 
in COPD and the related mechanism.

2 Materials and methods
2.1 Patients

All patients were required to meet the following criteria, 
above 45 years old; no history of upper respiratory tract infection 
in the past 4 weeks; no history of glucocorticoid use in the past 
4 weeks; no history of tuberculosis, pleural disease; no diabetes, 
hypertension, malignant tumors or autoimmune-related diseases; 
cooperate with the investigation; cooperate with the completion 
of pulmonary function tests. The study was approved byour 
hospital. All patients agreed to participate in the study and 
signed the informed consent form.

All patients were divided into five groups: non-smokers 
without COPD (n = 20); smokers without COPD (n = 20), smokers 
with mild COPD (FEV1/FVC > 70%, FEV1 ≥ 80%, with chronic 
symptoms, n = 20), smokers with moderate COPD (FEV1/FVC 
< 70%, 30% ≤ FEV1 ≤ 80%, with chronic symptoms, n = 20), 
smokers with severe COPD (FEV1/FVC < 70%, FEV1 < 30%, 
respiratory failure or right heart failure, n = 20). The diagnosis 
of COPD was based on the criteria of the Global Initiative for 
Chronic Obstruct Lung Disease (COLD).

2.2 Extraction of alveolar macrophages from COPD patients

Flexible bronchoscopies (Olympus BF-1T160bronchoscope, 
Olympus Corporation, Tokyo, Japan) were performed under 
local anesthesia (2% lidocaine) after premedication with inhaled 
salbutamol (400 µg), intramuscular atropine (0.5 mg) and oral 
midazolam (7.5 mg). Supplemental oxygen was applied during 
the entire procedure and blood oxygen saturation was monitored 
with a pulse oximeter (Pulsox DP-8, Konica Minolta Inc., 
Tokyo, Japan) (Proboszcz et al., 2017). Following macroscopic 
inspection of the bronchial tree, BAL was performed by wedging 
the bronchoscope in the bronchi of the middle lobe or the lingula 
and administering 4 × 50 ml sterile NaCl warmed to 37 °C. 
Gentle suction was applied to transfer the BALF into sterile 
containers. After a double nylon gauze filtration, lavage fluid 
was centrifuged for 10 min at 500 rpm at 4 °C.

The extracted BALF was centrifuged in a centrifuge tube 
(1000 r/min, centrifuged for 10 min, 4 °C), and the supernatant 
was discarded after centrifugation. Approximate 0.5 ml of the 
cell suspension was left at the bottom of the tube, and the cell 
components precipitated by centrifugation were washed twice 
under the same conditions every 5 min. After discarding the 
supernatant and suspending the cells, 10 μl cells were taken to 
the counting plate. A small amount of cell suspension smear 

was taken. After drying, cells were stained with wright and 
counted 200 cells under 40 × optical microscope for classification. 
The remaining cells are attached. Adding about 5 ml of 10% 
calf serum RPMI 1640 medium to the culture flask, the cell 
suspension was added, and incubated for 2 h (37 °C, 5% CO2) 
for adherence treatment, adherent alveolar sleep. Then cells 
were scraped, suspended in PBS, and the cell suspension was 
pipetted out to an EP tube. A small amount of tube bottom cell 
suspension was pipetted to a counting plate, stained with trypan 
blue, and the cell viability was evaluated.

2.3 COPD dynamic mouse model

48 wild type C57BL/6J mice were divided into non-smoking 
group, smoking 2 weeks group, smoking 4 weeks group, smoking 
6 weeks group, smoking 8 weeks group, smoking 15 weeks + 
tracheal infusion 200 μg/kg LPS group (8 mice each).

The smoking group was placed in the homemade smoke 
exposure box, which was 80 cm × 60 cm × 30 cm, one side opened 
the mouthpiece, the other side opened the small hole to place 
the cigarette, and the top part had a 5 cm × 30 cm observation 
window. Cigarette smoke exposure was given 16 times a day. 
The smoke concentration in the cabinet is controlled at about 7%, 
each exposure time lasts 40 min, each passive smoking interval is 
4 h. The wall of the box is used once to prevent the animals from 
getting together and causing uneven smoking. Non-smoking 
subgroup mice were not exposed to cigarette smoke.

2.4 Fresh isolation and culture of mouse alveolar 
macrophages

Blood were collected from the ocular artery directly 
from the mice after eyeball removal. After aseptic treatment, 
the trachea is exposed, and the disinfected tissue is cut on 
the trachea to make a mouth (not to be cut), the trachea was 
inserted from the incision with a sterile soft tube attached to 
a syringe, and the wire was fixed. The PBS solution preheated 
to 37 °C was injected into the lungs of the mice, and 1.0 ml of 
each time was injected to fully fill the lungs. Bronchoalveolar 
lavage 1.0 ml × 10 times was collected, and bronchoalveolar 
lavage fluid was collected. After centrifugation at 1500 r/min 
for 10 min at 4 °C, the cells were washed once with PBS. 
Discard the supernatant, add DMEM medium containing 
10% fetal bovine serum, and transfer to a cell culture flask. 
The cells were cultured in a 37 °C, 5% CO2 incubator for 4 h, 
the supernatant and non-adherent cells were discarded, and 
the mouse alveolar macrophages were attached.

2.5 Identification of mouse alveolar macrophages

After the mice were killed, BALF was collected, centrifuged 
for 10 min. We discarded the supernatant, added the post cell 
lysate, mixed it for 5 min, lysed the red blood cells, centrifuged 
it again, then discarded the supernatant, and suspended the 
cells again with the cell culture solution. According to the 
characteristics of monocyte macrophages adhering to plastic or 
glass surface, but not lymph node cells, monocyte macrophages 
and lymphocytes were separated. The single cell suspension of 
culture medium 6 was placed in a culture plate with a cover 
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glass, cultured in a 5% CO2 cell incubator at 37 °C for 4-6 h, 
and then the culture medium was replaced. The adherent cells 
were macrophages. Then, Rieger Giemsa staining was used for 
identification. Take out the cell slide, dry it naturally, drop the 
dye fixative solution to cover the sample fully, fix it for 10 min, 
suck and discard the fixative solution, wash it twice with PBS, 
drop the dye solution of Giemsa, dye it for 1.5 min, drop the 
phosphate buffer solution of pH 6.4 of the same amount, shake 
the slide gently, dye it for 4 min, wash it with water, suck it dry, 
and perform microscopic examination. Under the microscope, 
the alveolar macrophages of mice were round, oval and fusiform 
in size. The nuclei were large and inclined to one side, stained 
dark blue, and the cytoplasm was gray blue.

2.6 Cigarette Smoke Extract (CSE) preparation

CSE was extracted from commercial Liqun cigarettes 
(11 mg Tar; 1.0 mg nicotine; 11 mg carbon monoxide; Xi’an 
Tobacco Company, Shannxi, China). Briefly, two cigarettes were 
combusted with a peristaltic pump without filter. Then smoke 
was passed through 10 ml of serum-free RMPI-1640 medium 
using a vacuum pump. The pH of CSE was adjusted to 7.4 and 
the suspension was filtered through a 0.22 µm pore-size filter 
to remove bacteria and large particles. Obtained solution was 
referred as 100% CSE. Freshly solution would be prepared for each 
experiment. It was diluted with serum-free RMPI-1640 medium 
to the concentrations of 5%, 10%, or 20% before the use.

2.7 Cell lines and culture conditions

Rat alveolar macrophage cell line NR8383 was purchased from 
American Type Culture Collection (ATCC, Manassas, VA, USA) 
and were maintained in Ham’s F12-K medium supplemented with 
10% fetal bovine serum (FBS, Gibco, Thermo Fisher Scientific, 
MA, USA), placed in a 37 °C, 5% CO2 cell culture incubator, 
and changed every 2 d. For CSE exposure, NR8383 cells were 
seeded in 6-well plates at a density of 1 × 106 cells/ml, and cells 
were incubated with varied concentrations of CSE at 5%, 10%, 
or 20% for 24 h, respectively.

2.8 MicroRNA transfection

MiR-155 mimic, NC-mimic, miR-155 inhibitor and NC-inhibitor 
were synthesized by GenePharama Company (Shanghai, China). 
The cells were transfected with these oligonucleotides by using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s instruction. After transfection for 24 h, 
cells were further cultured for 24 h and the incubated with 20% 
CSE for an additional 24 h.

2.9 Real-time quantitative PCR

The total RNA from cells was extracted with the mir‑Vana 
miRNA isolation kit (Ambion, USA) according to the manufacturer’s 
protocol. qRT-PCR was performed on an ABI 7000 analyzer 
(Applied Biosystems, Foster City, CA, USA) by using the SYBR 
Green PCR Master Mix (Applied Biosystems). Expression 
data were uniformly normalized to U6, serving as the internal 

control. Relative gene expression was quantified by using the 
2-ΔΔCt method.

2.10 ELISA analysis

Cytokine concentrations from the supernatants of NR8383 cells 
after appropriate treatment were determined by using tumor 
necrosis factor-α (TNF-α), interleukins (IL)-6, interleukins 
(IL)-8 ELISA kits (R&D Systems, Minneapolis, USA) according 
to the manufacturer’s instructions.

2.11 Western blot assay

Proteins from cells were lysed in MCLB, and the total protein 
concentration was determined using BCA assay (Aspen, Wuhan, 
China). Equal amounts of sample proteins were resolved by 
SDS-PAGE gel and transferred to poly-vinylidene difluoride 
membranes (Millipore, Billerica, MA, USA).

After blocking, membranes were incubated with primary 
antibodies including anti-Beclin1 (Cell Signaling Technologies, 
MA, USA), anti-LC3II (Cell Signaling Technologies, MA, USA), 
anti-p62 (Cell Signaling Technologies, MA, USA), GAPDH 
(Abcam, Cambridge, MA, USA) at 4 °C overnight. After rinsing, 
the membranes were incubated with Goat anti-rabbit or mouse 
horseradish peroxidase (HRP)-conjugated secondary antibodies 
(Abcam, Cambridge, MA, USA) at 37°C for 1h. The bands were 
detected by ECL detection reagents (Beyotime Biotechnology, 
Shanghai, China), and GAPDH was used as an internal control.

2.12 Statistical analysis

Data were expressed as mean ± standard deviation (SD) 
by using the GraphPad Prism 6.0 software (Prism, San Diego, 
CA, USA). Differences between groups were examined using 
Student’s unpaired t test and comparisons among multiple groups 
were analyzed by using one-way ANOVA. A P value < 0.05 was 
considered as statistically significant.

3 Results
3.1 MiR-155 was up-regulated in COPD bronchoalveoar 
lavage fluid and CSE-mediated NR8383 cell line

To assess the effect of miR-155 on CSE exposure in vivo 
and in vitro, we assessed the expression of miR-155 in alveolar 
macrophages of COPD patients, dynamic COPD mouse 
model and alveolar macrophages cell lines NR8383 cell line by 
qRT-PCR. Compared with specimens from non-smoker group, 
the expression level of miR-145-5p was remarkably upregulated 
in lung tissues of smokers with COPD (p < 0.01, respectively, 
Figure  1A). Furthermore, the expression of miR-155 was 
gradually increased with the severity of COPD. Meanwhile, the 
expression of miR-155 was remarkably upregulated in alveolar 
macrophages of COPD dynamic mouse model with the severity 
of COPD (p < 0.01, Figure 1B). The qRT-PCR showed that CSE 
could concentration-dependently promote the expression of 
miR-155 (p < 0.05, Figure 1C). Thus, these findings indicated 
that upregulation of miR-145-5p might be associated with the 
pathogenesis of COPD.
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3.2 MiR-155 is involved in the regulation of CSE-induced 
NR8383 cells inflammatory response

To investigate the effect of miR-155 on CSE-mediated COPD 
NR8383 cell inflammatory response, in vitro NR8383 cells with (5%, 
10% and 20%) CSE exposure was performed. The proinflammatory 
factors in cell culture were detected by ELISA. It was found 
that CSE could concentration-dependently promote the 
production of IL-8, TNF-α and IL-6 in NR8383 cells (p < 0.05, 
Figure 2A, B, C). Spearman correlation analysis showed that 
the expression level of miR-155 was positively correlated with 

the levels of pro-inflammatory cytokines IL-8, IL-6 and TNF-α 
(p < 0.05, Figure 2D-F). The qRT-PCR was used to confirm that 
under CSE condition, miR-155 inhibitor (miR-155 I) inhibited 
the expression of mir-155, while miR-155 mimic (miR-155 m) 
increased the expression of miR-155 (p < 0.05, Figure  3A). 
ELISA results showed that miR-155 inhibitor could partially 
reverse the production of TNF-α, IL-6 and IL-8 in NR8383 cells 
(p < 0.05, Figure  3B-D). Moreover, miR-155 mimic showed 
synergistic effects with CSE, which could further promote the 
production of TNF-α, IL-6 and IL-8 in NR8383 cells induced 
by CSE (p < 0.05, Figure 3B-D). These results suggested that 

Figure 1. The expression of miR-155 in patients, COPD dynamic mouse model and NR8383 cells. (A) The expression of miR-155 in alveolar 
macrophages of healthy control, smoker (without COPD) and varying degrees of severity of COPD patients; Mean ± SD; n = 10, *p < 0.05 vs 
healthy control group; #p < 0.05 vs mild COPD group; &p < 0.05 vs moderate COPD group; (B) The expression of miR-155 in alveolar macrophages 
of COPD dynamic mouse model; Mean ± SD; n = 8; *p < 0.05; **p < 0.01; ***p < 0.001 vs control group; (C) The expression of miR-155 in 
NR8383 cells; *p < 0.05 vs control group.

Figure 2. The levels of miR-155 was correlated with CSE-induced inflammation response in NR8383 cells; (A) The levels of IL-8; (B) The levels 
of TNF-α; (C) The levels of IL-6; (D) miR-155 was correlated with IL-8; (E) MiR-155 was correlated with IL-6; (F) MiR-155 was correlated with 
TNF-α; Mean ± SD; n = 5; *p < 0.05 vs control group.
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miR-155 might be involved in the CSE-induced inflammatory 
response of NR8383 cells.

3.3 The introduction of autophagy could inhibit 
CSE‑induced NR8383 cell inflammatory response.

CSE could concentration-dependently promote the 
expression of Beclin1, LC3II and p62 (p < 0.05, Figure 4A, B). 
It suggested that CSE induced autophagy disorder in NR8383 cells. 

Moreover, without CSE stimulation, 3-MA had no effect on 
the expression of LC3 II, Beclin1, p62 (p > 0.05, Figure 4C, D). 
Rapa could increase the expression of LC3 II, Beclin1, but had 
no effect on the expression of p62 (p > 0.05, Figure 4 C, D). 
Under CSE stimulation, 3-MA could suppress the expression 
of LC3 and Beclin1 (p < 0.05, Figure 4 C, D), promote the 
expression of p62 (p < 0.05, Figure 4 C, D). Meanwhile, Rapa 
could promote the expression of LC3 and Beclin1 and inhibit 
the expression of p62 (p < 0.05, Figure 4 C, D).

Figure 3. MiR-155 was involved in the regulation of CSE-induced inflammation responses in the NR8383 cells; (A) The efficiency of miR-155 
mimic and miR-155 inhibitor transfection was evaluated by RT-qPCR; (B) The levels of IL-8; (C) The levels of IL-6; (D) The levels of TNF-α; 
Mean ± SD; n = 3; *p < 0.05 vs control group; #p < 0.05 vs CSE group.

Figure 4. CSE could concentration-dependently promote the expression of Beclin1, LC3II and p62 expression; (A), (B) CSE induced autophagy 
disorder in NR8383 cells; Mean ± SD; n = 3; *p < 0.05 vs control group; (C), (D) The expressions of LC3II, Beclin1 and p62; Mean ± SD; n = 3; 
*p < 0.05 vs control group; #p < 0.05 vs CSE group.
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ELISA results showed that 3-MA could further promote the 
production of TNF-α, IL-6 and IL-8 in NR8383 cells (p < 0.05, 
Figure 5A-C), which had a synergistic effect with CSE. Rapa 
could partially reverse the production of TNF-α, IL-6 and 
IL-8 in NR8383 cells induced by CSE (p < 0.05, Figure 5A-C). 
However, 3-MA or Rapa had no effect on the expression of 
miR-155 (Figure 5D).

3.4 MiR-155 is involved in the regulation of CSE-induced 
autophagy disorder in NR8383 cells

MiR-155 mimic could promote the expression of LC3II, 
Beclin1 and p62 under CSE stimulation (p < 0.05, Figure 6A, B), 
suggesting that miR-155 mimic aggravated the autophagy disorder 
of NR8383 cells. Furthermore, miR-155 inhibitor could inhibit 
the expression of LC3II, Beclin1 and p62 (p < 0.05, Figure 6C, D), 

Figure 5. The effect of autophagy on the levels of miR-155 and CSE-induced productions of proinflammatory factors in the NR8383 cells; (A) The levels 
of TNF-α; (B) The levels of IL-6; (C) The levels of IL-8; (D) The levels of miR-155; Mean ± SD; n = 3; *p < 0.05 vs control group; #p < 0.05 vs CSE group.

Figure 6. MiR-155 was involved in the regulation of CSE-induced autophagic dysfunction in NR8383 cells; (A), (B) The effect of miR-155 mimic 
on CSE-induced protein expression of LC3II, Beclin1 and p62; (C), (D) The effect of miR-155 inhibitor on CSE-induced protein expression of 
LC3II, Beclin1 and p62; Mean ± SD; n = 3; *p < 0.05 vs control group.
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suggesting that miR-155 inhibitor inhibited CSE‑induced 
autophagy disorder in NR8383 cells.

3.5 MiR-155 inhibited TLR4/NF-κB singnal pathway in 
NR8383 cells under CSE condition.

The expression of TLR4 and NF-κB in NR8383 cells with 
CSE treatment was increased compared with NR8383 cells 
without CSE stimulation (p < 0.05, Figure 7A-D), moreover, 
the increased expression of TLR4 and NF-κB in NR8383 cells 
with CSE stimulation was greatly decreased in miR-155 i group 
(p < 0.05, Figure 7A-D). It suggested that the TLR4/NF-κB signal 
pathway might be the keyway, by which miR-155 regulated the 
autophagy and inflammation in CSE-treated NR8383 cells.

4 Discussion
In current study, we investigated that the potential role 

of miR-155 in the progression of COPD. Our results showed 
that miR-155 was upregulated in the alveolar macrophages 
from bronchoalveolar lavage fluid of COPD patients, COPD 
dynamic mouse model and CSE-treated NR8383 cell line. 
Overexpression of miR-155 led to dysregulation of cell autophagy 
and was closely related to the expression of proinflammatory 
cytokine TNF-α, IL-6, IL-8 in NR8383 cell line, while inhibition 
of miR-155 significantly reversed CSE induced cell autophagy 
dysregulation and inflammation in NR8383 cell line. In addition, 
we found that miR-155 promoted cell autophagy by directly 
targeting TLR4/NF-κB pathway in NR8383 cell line.

The pathogenesis of COPD is complicated, it is mainly 
considered that the particulate solid phase and toxic gases 
in the air stimulate the lung tissue, induce chronic airway 
inflammation, and eventually lead to pulmonary dysfunction 
(Tuder & Petrache, 2012). Alveolar macrophages play an important 
role in the inflammatory response and the pathophysiology of 
COPD (Barnes, 2004). Accordingly, alveolar macrophage cell 
line (NR8383) was performed in this study to investigate the 
correlation between CSE exposure and the pathological processes 
of COPD associated with miR-155 expression.

Emerging evidence has revealed that miRNAs were involved 
in COPD physiological and pathological processes, and miRNAs 
might be involved in the regulation of inflammation in the 
lung. A previous study has suggested that the miR-155 was 
upregulated in cigarettes induced COPD mouse model and 
lung tissues of COPD patients compared with the non-smoker 
controls (Conickx et al., 2017). In the present study, we found 
that the miR-155 level was increased in alveolar macrophages 
of COPD patients and COPD dynamic mouse model, and 
miR-155 expression gradually increases with the severity of 
COPD, and also increased in a concentration dependent manner 
in NR8383 cells line with CSE treatment. Moreover, we showed 
that IL-6, IL-8 and TNF-α were increased in a concentration 
dependent manner in NR8383 cells line with CSE treatment, 
and the expression level of miR-155 was positively correlated 
with the levels of pro-inflammatory factors IL-8, IL-6 and 
TNF-α. In addition, we also found that miR-155 inhibitor 
partially reversed the production of TNF-α, IL-6 and IL-8 in 

Figure 7. MiR-155 inhibited TLR4/NF-κB signal pathway in NR8383 cells under CSE stimulation; (A), (B) MiR-155 inhibitor inhibited TLR4 
expression under CSE stimulation; (C), (D) MiR-155 inhibitor inhibited p-NF-κB p65 expression under CSE stimulation; Mean ± SD; n = 3; *p 
< 0.05 vs control group.
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NR8383 cells, while miR-155 mimic could further promote the 
production of TNF-α, IL-6 and IL-8 in NR8383 cells induced 
by CSE. These results imply that miR-155 might be involved in 
the airway inflammation in COPD.

Previous studies have shown that the expression of autophagy 
protein was increased in the lung of COPD patients (Chen et al., 
2008; Ryter et al., 2010). In lung tissues obtained from COPD 
patients, it was observed that autophagic proteins LC3B, Atg4, 
Atg5/12 and Atg7 were enhanced in lung epithelial cells, while 
histone deacetylase (HDAC) activity was decreased, resulting in an 
increase in autophagy level (Chen et al., 2008). Daniel et al. found a 
correlation between the level of circulating Beclin1 and the degree 
of airflow obstruction, which was consistent with a progressive 
defect in autophagy during COPD (Schlemmer et al., 2018). 
Schlemmer et al. (2018) identified that both autophagosomes 
and p62 were accumulated in smokers’ alveolar macrophages 
(Monick et al., 2010). Autophagy was a homeostatic process 
involved in the degradation of proteins or organelles, it played 
critical roles in regulation of the development and survival of 
inflammatory cells (Racanelli et al., 2018). Consistent with our 
study, we found that the Beclin1, LC3II and p62 expressions 
were increased in CSE treatment NR8383 cells compared with 
the control groups. In addition, we also found that autophagy 
inhibitor 3-MA promote the production of TNF-α, IL-6 and 
IL-8 in NR8383 cells, while Autophagy agonist Rapa could partially 
reverse the production of TNF-α, IL-6 and IL-8 induced by CSE 
in NR8383 cells. These results imply that autophagy might be 
involved in the airway inflammation in COPD.

Most previous studies have showed that a dysregulated 
autophagic process in the lung of COPD patients, leading to 
cellular senescence and accumulation of damaged protein 
aggregates (Fujii  et  al., 2012; Lam  et  al., 2013; Even  et  al., 
2018). Our results showed that CSE concentration-dependently 
promoted the expression of Beclin1, LC3II and p62 expression. 
The results suggested that CSE induced autophagy disorder 
in NR8383 cells. In addition, we found that miR-155 mimic 
promoted the expression of LC3II, Beclin1 and p62, suggesting 
that miR-155 mimic aggravated the autophagy disorder in 
CSE-induced NR8383 cells, while miR-155 inhibitor could 
inhibit the expression of LC3II, Beclin1 and p62, suggesting that 
miR-155 inhibitor inhibits autophagy disorder in CSE-induced 
NR8383 cells. This finding implied that miR-155 contributed 
to autophagy dysregulation of NR8383 cells induced by CSE, 
promoted the secretion of a large number of inflammatory 
factors, which eventually led to COPD inflammatory reaction.

TLR4/NF-κB signal pathway is a key regulator in which 
autophagy is involved in the regulation of COPD inflammatory 
responses. In alveolar macrophages of COPD patients, autophagy 
is disrupted, disrupting intracellular homeostasis, activating 
Toll-like Receptor 4 (TLR4), and pathogen-associated Molecular 
Pattern (PAMP) After binding, the nuclear factor kappa B 
(nuclear factor-κB, NF-κB)-related signaling pathway induces 
the activation of various pro-inflammatory factor genes and 
promotes the secretion of inflammatory factors (Brusselle et al., 
2011). TLR4 is a pattern recognition receptor that responds to 
LPS, which plays a crucial role in the inflammatory response. 
The binding of LPS to TLR4 employs IRAK-1 and TRAF6 to induce 

inflammatory signaling for the activation of NF-κB, while 
miR‑155 are immunomodulatory microRNAs that play crucial 
roles in suppressing NF-κB signaling pathway at different stages. 
We also show that TLR4 and NF-κB expression is increased in 
CSE-induced NR8383 cells. Moreover, miR-155 inhibitor inhibited 
the TLR4 and NF-κB expression in NR8383 cells under CSE 
condition. These results imply that miR-155 may contribute to 
the airway inflammation in COPD by regulating autophagy in 
alveolar macrophages cells via targeting TLR4/NF-κB pathway.

In conclusion, this study revealed a novel inflammatory role 
of miR-155 in COPD and the related mechanisms. We provide a 
new perspective to understand the pathogenesis of COPD, and 
miR-155 might be useful as potential target for the treatment 
of COPD.
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