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Background: Chronic obstructive pulmonary disease (COPD) is an age-related disease, and
its incidence rate is increasing every year. MicroRNAs (miRNAs) play critical roles in the
COPD process and function as key biomarkers or potential therapeutic targets for patients
with COPD. However, the potential roles and functional effects of miR-218 in COPD remain
undefined.

Methods: The expression levels of miR-218 and bromodomain protein 4 (BRD4) were
assessed by real-time quantitative polymerase chain reaction (RT-qPCR) or Western blot,
respectively. In addition, a COPD cell model was established using cigarette smoke extract
(CSE) in bronchial epithelial cell line (BEAS-2B). Enzyme-linked immunosorbent assay
(ELISA) kit was applied to measure the concentrations of tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), and interleukin-8 (IL-8) in cell supernatants of BEAS-2B cells.
Moreover, cell apoptosis was examined by flow cytometry assay. The association relation-
ship between miR-218 and BRD4 was confirmed by dual-luciferase reporter and RNA
immunoprecipitation assay.

Results: MiR-218 was downregulated in COPD and CSE-induced BEAS-2B cells, and it
was positively correlated with forced expiratory volume in 1 second (FEV1) % in COPD
patients. Mechanically, overexpression of miR-218 or knockdown of BRD4 mitigated apop-
tosis and inflammation in BEAS-2B cells induced by CSE. Additionally, overexpression of
BRD4 weakened the miR-218-mediated effects on CSE-induced BEAS-2B cells.
Conclusion: Overexpression of miR-218 inhibited CSE-induced apoptosis and inflamma-
tion in BEAS-2B cells by targeting BRD4 expression.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive destructive lung
disease with persistent chronic inflammation, characterized by airflow limitation
and severe respiratory failure.'? Generally speaking, long-term exposure to cigar-
ette smoke is identified as a major risk factor for COPD, inducing an airway
epithelium inflammatory response and apoptosis in COPD.>* As COPD is fre-
quently exacerbated and often associated with severe complications, the clinical
prognosis of COPD patients remains poor.” Not only that, the incidence of COPD is
rapidly increasing in China, and a large number of aging people and industrial
pollutants are major contributors to the high incidence rate of COPD.°
MicroRNAs (miRNAs) could mediate gene expression at post-transcriptional
level by either suppressing transcription of target genes or degrading them directly
via matching with bases in the 3’ untranslated region (3'UTR).” Recent findings
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showed that miRNAs played an essential role in the devel-
opment and progression of COPD.*? For example, over-
expression of miR-146-5p clearly reduced the release of
interleukin-8 (IL-8), conversely, inhibition of miR-146-5p
functions as a pro-inflammatory feature in COPD.'
Besides, miRNAs are considered to be therapeutic targets
of pulmonary disease. For instance, a previous study
reported that miR-155 acted as a novel therapeutic target
for asthma.'' Moreover, Xu et al. reported that miR-218
acted as an anti-inflammatory via mediating activation of
NF-xB, implying miR-218 was involved in inflammation
in COPD.'? The above results confirmed that dysregula-
tion of miRNAs was associated with the pathogenesis of
COPD. Therefore, the functional effects of miR-218 have
not been investigated thoroughly in COPD.

Bromodomain protein 4 (BRD4), a primary member of
the BET family proteins, is an important epigenetic reg-
ulator by binding to acetylated histones.'* Additionally,
BRD4 also regulated inflammatory gene NF-kB expres-
sion via combining acetylated RELA, which in turn
increased transcriptional transactivation activity and stabi-
lity of NF-kB in the nucleus.'* Similarly, Huang et al. also
revealed that BRD4 could activateNF-kB via Specific
Binding to Acetylated RelA."> Therefore, we hypothesized
that the expression of BRD4 was closely associated with
inflammation in COPD.

COPD is largely attributable to cigarette smoke. In the
present study, cigarette smoke extract (CSE) exposure is
employed to induce inflammation and apoptosis in bron-
chial epithelial cells. The association between miR-218
and BRD4 was investigated in CSE-induced bronchial
epithelial cells.

Materials and Methods

Clinical Samples

The lung tissue specimens of patients with COPD and
control specimens of smokers/non-smokers were collected
from The Second People’s Hospital of Lanzhou City. The
removed samples were promptly snap-frozen in liquid
nitrogen and maintained at —80°C until further analyses.
Written informed consent was achieved from patients prior
to participation. All recruited subjects were subjected to
physical examination, spirometry (airflow limitation avail-
able; FEVI/FVC less than 0.70 indicated presence of
persistent airflow limitation and COPD using a post-
bronchodilator), and assessment of exacerbation risk and
comorbidities. Patients were excluded if they (1) were

diagnosed with other complicated disorders; (2) received
preoperative treatments before admission; (3) required
home mechanical ventilation. Inclusion criteria were (1)
first time diagnosis; (2) received no therapies before
admission; (3) willing to participate in follow-up. All the
procedures had approval from the Ethics Committee of
Second People’s Hospital of Lanzhou City. The use of
clinical specimens was conducted in accordance with the
Declaration of Helsinki. The clinicopathologic features of
these patients are displayed in Table 1.

Cell Culture

Human bronchial epithelial cell line (BEAS-2B) was pur-
chased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). BEAS-2B cells
were cultured in RPMI-1640 medium (GIBCO BRL,
Grand Island, NY, USA) in a humidified atmosphere
with 5% CO, at 37°C. The 10% (v/v) fetal bovine serum
(GIBCO BRL) was added to the medium. Additionally,
CSE was prepared by commercial cigarettes (Liqun;
Zhengzhou Tobacco Company, Henan, China; 11 mg of
tar and 1 mg of nicotine). One cigarette was combusted
with a vacuum pump, and then smoke was passed through
the 5 mL medium to collect CSE as 100% CSE solution.

RNA Isolation and Real-Time
Quantitative Polymerase Chain Reaction
(RT-gPCR)

Total RNA was extracted from BEAS-2B cells or tissues using
Trizol reagent (Thermo Fisher Scientific, Waltham, MA,
USA). The OD260 nm/OD280 nm of samples value was
measured to check RNA purity on Nanodrop 2000 (Applied
Biosystems, Foster City, CA, USA). The special primers were
used to analyze expression levels of miR-218 and BRD4 with
SYBR Green Master Mix (Invitrogen, Carlsbad, CA, USA)
under an ABI 7500 HT machine (Applied Biosystems).
(GAPDH)Y/

Glyceraldehyde-3-phosphate  dehydrogenase

Table | Clinical Characteristics of the Recruited Subjects

Clinicopathologic Non- Smoker COPD
Features Smoker

Number 16 16 16

Age (years) 58.6%7.1 61.5+6.9 62457
Gender (female/male) 6/10 1715 2/14

BMI (kg/m?) 27.1 £538 27.7+ 6.1 269t 6.7
Smoking history (years) No 15.9£3.8 26.3+9.2
FEV1% (predicted) 8369+ 1.54 | 69.99+ 148 | 5928+ .17
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endogenous small nuclear RNA U6 was employed as the
internal control. The primers were: miR-218 (Forward, 5'-
GCCGAGTTGTGCTTGATC-3; 5'-CTCAACT
GGTGTCGTGGA-3");

BRD4 (Forward, 5'-CCCCTCGTGGTGGTGAAG-3";
Reverse, 5'-GCTCGCTGCGGATGATG-3");

GAPDH (Forward, 5-TCCCATCACCATCTTCCAGG
-3'; Reverse, 5'-GATGACCCTTTTGGCTCCC-3");

U6 (Forward, 5'-CTCGCTTCGGCAGCACA-3'; Rever-
se, 5'-AACGCTTCACGAATTTGCGT-3").

Reverse,

Transfection Assay

The mimics of miR-218 and negative control (miR-218
and Mir-NC), inhibitor of miR-218 and negative control
(anti-miR-218 and anti-miR-NC), specific interference
RNA against BRD4 (si-BRD4) and control (si-NC), and
(BRD4)
(pcDNA) were designed and obtained from Sangon
(Shanghai, China). For transfection, BEAS-2B cells were
seeded into 6-well plates with a density of 1x10° cells/

BRD4-overexpressing  vector and control

well, followed by incubation overnight. 40 nM of afore-
mentioned oligonucleotides or 1 pg of plasmids was trans-
fected into BEAS-2B cells by Lipofectamine 2000 reagent
(Invitrogen). Additionally, BEAS-2B cells were collected
at 48 h post-transfection for subsequent experiments and
transfection efficacy was determined by RT-qPCR assay.

Enzyme-Linked Immunosorbent Assay

(ELISA)

The interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor
necrosis factor-o (TNF-a) in the supernatants of BEAS-2B
cells were determined by ELISA kits (Invitrogen;
#BMS213HS, #BMS204-3, and #BMS223HS). In brief,
the BEAS-2B cell suspension was added to a 96-well
plate at a density of 5 x 10° cells/well, and cultured over-
night. Afterward, 50 puL standard or medium supernatant
sample was added to another 96-well plate covered with
goat anti-mouse IgM and then incubated at 37°C. After
washing, each well was supplemented with blocking buf-
fer and substrate. Finally, the absorbance was read at 492
nm under a multi-well scanning spectrophotometer (Bio-
Rad, Hercules, CA, USA).

Analysis of Apoptosis

Apoptosis rate of BEAS-2B cells was assessed by Annexin
V-FITC Apoptosis Detection Kit (Thermo Fisher
Scientific). In brief, BEAS-2B cells were harvested and

then incubated in staining buffer containing Annexin
V labeled with fluorescein isothiocyanate (FITC) and pro-
pidium iodide (PI) for 30 min in dark conditions.
Subsequently, flow cytometer (Applied Biosystems) was
used to assess apoptotic cells.

Dual-Luciferase Reporter Assay

Online bioinformatics prediction software starBase v2.0
(http://starbase.sysu.edu.cn/starbase2/) was used to search
the binding sites between BRD4 and miR-218. The
3'UTR segments of BRD4 were amplified by PCR and
inserted into pGL3 vector (Ambion, Carlsbad, CA, USA),
named as BRD4 WT. Mutations of miR-218-binding sites
in BRD4 3'UTR sequence were generated using
Mutagenesis Kit (Vazyme, Nanjing, China). BEAS-2B
cells were co-transfected with 0.4 pg of luciferase repor-

ter plasmid and 20 pmol of miR-218 or control by
Lipofectamine 2000 (Invitrogen). Finally, fluorescence
signals were tested with Dual-Luciferase Reporter kit
(Sigma-Aldrich, Louis, Missouri, USA) in BEAS-2B
cells post transfection 48 h, with Renilla luciferase activ-
ity as control.

RNA Immunoprecipitation (RIP) Assay

The RNA immunoprecipitation assay was conducted to
confirm whether BRD4 could interact with miR-218.
Transfected BEAS-2B cells were collected and then
lysed in RIP buffer (Millipore, Billerica, MA, USA). The
cell lysates were incubated with anti-Ago2 antibody
(Ambion) and negative control normal IgG (Ambion) for
2 h at 4°C. After centrifugation, RT-qPCR assay was
test RNA enrichment

performed to in precipitate

complexes.

Western Blot Assay

Radio-Immunoprecipitation assay (RIPA; Thermo Fisher
Scientific) was utilized to extract protein from cells or tissues.
The proteins were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
(PVDF) membranes
(Invitrogen). The membranes were blocked with 5% bovine

onto a polyvinylidene fluoride
serum albumin and then completely immersed in 1:1000
dilution primary antibody at 4°C, including BRD4
(#13440S; Cell Signaling Technology, Danvers, MA, USA)
or f-actin (#4970S; 1:1000 dilution;

Technology). The secondary antibody with horseradish per-

Cell Signaling

oxidase conjugated (#7074S; Cell Signaling Technology) was
added to the membrane and incubated for 2 h at 1:5000
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dilution at room temperature. Finally, signal intensity of mem-
branes was visualized with a chemiluminescence system.

Statistical Analysis

All statistical analyses were expressed as mean + standard
deviation with GraphPad Prism 7 (GraphPad Inc, La Jolla,
CA, USA). 4 P value less than 0.05 was regarded as statisti-
cally significant. The difference between selected two groups
was analyzed by the Student’s #-test. The multiple groups’
differences were estimated by one-way analysis of variance
followed by Post-Hoc Test LSD. Pearson’s correlation analy-
sis was used to determine the correlation relationship.

Results
MiR-218 Was Downregulated in COPD

Patients

Expiratory volume in one second (FEV1) % is an essential
index for assessment of living conditions of COPD patients.
Our data suggested that COPD patients showed lower levels of
FEV1% when compared with controls, including smokers and

non-smokers (Figure 1A). The results of RT-qPCR assay
suggested that miR-218 was apparently decreased in COPD
patients compared with controls (Figure 1B). In addition,
a notable positive correlation between FEV1% and miR-218
was observed in COPD patients (Figure 1C). Interestingly, we
also found that miR-218 level was negatively correlated with
serum inflammatory factor levels, including TNF-a, IL-6 and
IL-8. All data implied that downregulation of miR-218 might
be associated with COPD.

Overexpression of miR-218 Suppressed
Apoptosis and Inflammation in BEAS-2B

Cells Caused by CSE

To assess the effect of miR-218 on COPD progression,
BEAS-2B cells were treated with different concentrations
of CSE. The results of RT-qPCR assay displayed that the
expression level of miR-218 was greatly decreased in CSE-
induced BEAS-2B cells with a dose/time dependent method
(Figure 2A and B). Subsequently, we found that treatment
with CSE led to the effective increase of TNF-o, IL-6 and
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Figure | The expression level of miR-218 in chronic obstructive pulmonary disease. (A and B) Forced expiratory volume in one second (FEVI) % index and the relative
level of miR-218 were displayed in non-smokers, smokers and COPD tissues. (C) The correlation relationship between FEVI% index and miR-218 level was analyzed in
COPD patients by Pearson’s correlation analysis. (D—F) Pearson’s correlation analysis was used to analyze the correlation relationship between miR-218 and serum IL-6, IL-

8, and TNF-qa levels. Data are shown as mean * SD from three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

Abbreviations: FEVI, Forced expiratory volume in one second; COPD, chronic obstructive pulmonary disease; IL-6, interleukin-6; TNF-a, tumor necrosis factor-o; IL-6,

interleukin-6.
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IL-8 in cell supernatant, while their levels were significantly
downregulated in the CSE+miR-218 group (Figure 2C-F).
Furthermore, apoptosis was assessed by flow cytometry in
transfected BEAS-2B cells. The data indicated that over-
expression of miR-218 prominently suppressed CSE-
induced apoptosis in BEAS-2B cells (Figure 2G). The
results suggested that miR-218 reduced apoptosis and
inflammation in BEAS-2B cells caused by CSE.

BRD4 Was a Potential Target of miR-218
To investigate the target of miR-218 in BEAS-2B cells,
a bioinformatics assay was performed. As shown in Figure
3A, miR-218 had complementary sequences in 3'UTR of
BRD4. Dual-luciferase report assay exhibited that BEAS-
2B cells co-transfected with luciferase reporter BRD4-WT
and miR-218 mimic showed lower luciferase activity com-
pared with control (Figure 3B). In addition, similar con-
clusions were confirmed with RIP assay, and the results
revealed that overexpression of miR-218 led to an obvious
enrichment of BRD4 in RIP-Ago2 group compared with
control (Figure 3C). All data implied that BRD4 was
a target of miR-218 in BEAS-2B cells.

BRD4 Was Upregulated in COPD

Patients

The association between BRD4 and COPD was investi-
gated. As shown in Figure 4A and B, the expression level
of BRD4 was significantly increased in COPD tissues, and
it was negatively correlated with miR-218 expression.
Importantly, CSE induced the upregulation of BRD4 in
BEAS-2B cells in a dose/time dependent way, no matter
whether mRNA and protein (Figure 4C-F). Moreover,
Western blot results revealed that miR-218 overexpression
reduced protein level of BRD4, while protein level of
BRD4 was effectively increased in BEAS-2B cells after
transfection with anti-miR-218 (Figure 4G). Taken
together, miR-218 negatively regulated BRD4 expression.

CSE-Induced Apoptosis and Inflammation
in BEAS-2B Cells Could Be Abolished by

Silencing of BRD4

To further determine the functional effect of BRD4, BEAS-
2B cells were transfected with si-BRD4 to knock down the
expression of BRD4. As shown in Figure 5A, inhibition of
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Figure 2 MiR-218 overexpression weakened apoptosis and inflammation in CSE-induced BEAS-2B cells. (A and B) The relative expression level of miR-218 was evaluated
by RT-gPCR in BEAS-2B cells treated with different concentrations of CSE (0%, 1%, 2%, 4%, and 8%) for 24 h or treated with 2% CSE for different times (O h, 12 h, 24 h, 36 h,
and 48 h). (C) The expression of miR-218 was assessed by RT-qPCR assay in CSE-induced BEAS-2B cells transfected with miR-218 or miR-NC. (D-F) The levels of IL-6, IL-8,
and TNF-a were measured by ELISA kit in the supernatants. (G) Apoptotic cells were monitored by flow cytometry assay. Data are shown as mean * SD from three
independent experiments. *P < 0.05, **P < 0.0, **P < 0.001.

Abbreviation: CSE, Cigarette smoke extract.
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Figure 3 BRD4 was a target of miR-218. (A) The binding sites between miR-218
and 3'UTR of BRD4 are shown. (B) Luciferase activity was assessed by dual-
luciferase report assay cells. (C) The RIP assay was conducted to test interaction
between miR-218 and BRD4 BEAS-2B cells. Data are shown as mean * SD from
three independent experiments. ***P < 0.001.

Abbreviation: BRD4, Bromodomain protein 4.

BRD4 inhibited CSE-induced upregulation of BRD4 in
BEAS-2B cells. Analogously, the levels of TNF-a, IL-6
and IL-8 were apparently enhanced in CSE-induced
BEAS-2B cells, while BRD4 downregulation weakened
this effect (Figure 5B-D). Besides, flow cytometry assay
results confirmed that BRD4 knockdown protected BEAS-
2B cells from CSE-induced apoptosis (Figure 5E). Overall,
these results implied that inhibition of BRD4 abolished
CSE-induced effects on BEAS-2B cells.
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Effects of miR-218 Overexpression on
CSE-Induced BEAS-2B Cells

As presented in Figure 6A, co-transfection with BRD4 and
miR-218 apparently rescued the BRD4 expression com-
pared with only transfection with miR-218 in CSE-
induced BEAS-2B cells.
experiences showed that overexpression of miR-218
reduced the levels of TNF-a, IL-6 and IL-8 in cell super-
natants, which was abolished by overexpression of BRD4

Besides, gained functional

(Figure 6B-D). Similarly, the upregulation of miR-218
resulted in a great inhibition of apoptosis in CSE-induced
BEAS-2B cells, which could be restored by overexpres-
sion of BRD4, as demonstrated by flow cytometry analysis
(Figure 6E). These results revealed that miR-218 inhibited
CSE-induced apoptosis and inflammation in BEAS-2B by
targeting BRD4.

Discussion
Conclusively, miR-218 was downregulated in COPD and
in CSE-induced BEAS-2B cells; besides, the levels of
miR-218 were closely correlated with secretion of inflam-
matory factor in COPD, revealing the anti-inflammatory
properties of miR-218 in the development of COPD.
Cigarette smoke contributes to inflammation in the
lung tissues via releasing of damage-associated molecular
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Figure 4 The expression level of BRD4 in COPD tissues and CSE-induced BEAS-2B cells. (A) RT-qPCR assay was performed to determine BRD4 level in COPD tissues and
control groups. (B) Pearson’s correlation analysis was performed to analyze correlation relationship between miR-218 and BRD4 in COPD tissues. (C—F) RT-qPCR and
Western blot assay were used to assess BRD4 levels in CSE-induced BEAS-2B cells. (G) The protein level of BRD4 was analyzed by Western blot assay in CSE-induced BEAS-
2B cells transfected with miR-NC, miR-218, anti-miR-NC, anti-miR-218. Data are shown as mean * SD from three independent experiments. *P < 0.05, **P < 0.01, ***P <

0.001.
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+si-NC, and CSE+si-BRD4. (A) The protein level of BRD4 was measured by Western blot assay. (B—D) Inflammatory related factors (IL-6, IL-8, TNF-o) were measured by
matched ELISA kits. (E) Flow cytometry assay was used to evaluate apoptosis of BEAS-2B cells. Data are shown as mean + SD from three independent experiments. **P <
0.01, #P < 0.001.
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Figure 6 Overexpression of BRD4 attenuated effects of miR-218 upregulation on CSE-induced BEAS-2B cells. (A—E) BEAS-2B cells were divided into six groups: control,
CSE, CSE+miR-NC, CSE+miR-218, CSE+miR-218+pcDNA, and CSE+miR-218+BRD4. (A) Western blot assay was carried out to assess level of BRD4. (B—D) The levels of
IL-6, IL-8, TNF-a in cell supernatants were measured by ELISA kits. (E) The apoptosis of BEAS-2B cells was determined by flow cytometry assay. Data are shown as mean +

SD from three independent experiments. **P < 0.0, **P < 0.001.

patterns from stressed or dying cells;'® besides,
cigarette smoke-induced damage-associated molecular
patterns contribute to the development of COPD.'’
Additionally, Jin et al. reported that lung tissues persis-
tently exposed to cigarette smoke could increase serum
concentrations of TNF-o.'® Similarly, Gao et al. also
disclosed that IL-6 and IL-8 were upregulated in
lungs of COPD patients."”
CSE is employed to induce inflammation and apoptosis
in BEAS-2B cells as a cell model for COPD. Importantly,
upregulation of miR-218 suppressed apoptosis
inflammation in BEAS-2B cells caused by CSE.

It has been confirmed that miRNAs regulated the
expression of mRNA by targeting 3'UTR mRNAs;>

besides, miRNAs played crucial roles in the development

Therefore, treatment with

and

and pathogenesis of lung diseases.”’ The downregulation
of miR-218-5p had been observed in human bronchial,*
small airway epithelium,” and lung squamous cells.**
Wang et al. reported that miR-218 functioned as
a tumor suppressor in lung cancer.”> Importantly,
Schembri et al. also implied that miR-218-5p was asso-
ciated with COPD processes.”” Similar to previous
conclusions,'? the anti-inflammation function of miR-
218 was confirmed in our results. The overexpression of
miR-218 repressed apoptosis and inflammation in CSE-

induced BEAS-2B cells.

BRD4 protein might have a promoter role in COPD
because it is implicated in the inflammatory process by
increasing pro-inflammatory cytokines.*®*” In addition,
Song et al. found that BRD4 is implicated in inflammation
in the development of COPD.*® Meanwhile, miRNA might
participate in COPD processes by regulating inflammatory
cytokine expression through targeting BRD4, such as miR-
29b.%
inhibited CSE-induced apoptosis and inflammation in
BEAS-2B by targeting BRDA4.

Collectively, we found that BRD4 was a target of miR-
218, and upregulation of BRD4 could attenuate effects of
miR-218 overexpression on CSE-induced BEAS-2B cells,
indicating that the miR-218/BRD4 axis might serve as
a diagnostic target for COPD.

Similarly, our data suggested that miR-218

Conclusion

Collectively, our data showed that CSE could induce apoptosis
and inflammation in BEAS-2B cells, which could be effec-
tively weakened by enhancement of miR-218 or inhibition of
BRD4. Mechanically, miR-218 regulated apoptosis and
inflammation in CSE-induced BEAS-2B cells by targeting
BRDA4.
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