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MicroRNA-221-3p alleviates cell apoptosis and inflammatory response by
targeting cyclin dependent kinase inhibitor 1B in chronic obstructive pulmonary
disease
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ABSTRACT

As a chronic bronchitis or emphysema featured by airflow obstruction, chronic obstructive
pulmonary disease (COPD) can further develop into respiratory failure and pulmonary heart
diseases. MicroRNAs (miRNAs) are crucial mediators in COPD. Nevertheless, the specific role and
molecular mechanism of microRNA-221-3p (miR-221-3p) in COPD are unclear. This research aimed
to probe into the role of miR-221-3p in COPD. Bioinformatics analysis and a series of assays
including western blot, luciferase reporter, reverse transcription quantitative polymerase chain
reaction, flow cytometry, cell counting kit-8 and enzyme linked immunosorbent assay were used
to explore the functions and mechanism of miR-221-3p in COPD. First, miR-221-3p level was
validated to be lowly expressed in the lung tissues of COPD patients and 16HBE cells stimulated
by cigarette smoke extract (CSE). Functionally, miR-221-3p overexpression inhibited inflammatory
response and apoptosis in CSE-treated 16HBE cells. Moreover, we predicted 5 potential targets of
miR-221-3p and found that miR-221-3p shared binding site with cyclin dependent kinase inhibitor
1B (CDKN1B). CDKN1B was targeted by miR-221-3p in CSE-treated 16HBE cells. CDKN1B was
negatively modulated by miR-221-3p. Finally, rescue experiments demonstrated that overex-
pressed CDKN1B counteracted the influences of miR-221-3p on apoptosis and inflammatory
response in CSE-treated 16HBE cells. Our data showed that miR-221-3p alleviated cell apoptosis
and inflammatory response via targeting CDKN1B in an in vitro model of COPD.
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1. Introduction to be diagnosed in patients with mild disease, and

an improved understanding of the underlying

Chronic obstructive pulmonary disease (COPD) is
mechanism of this disease is necessary for the

a common disease with persistent airflow restric-

tion [1-3]. The progression of airflow restriction is
associated with the increase of chronic inflamma-
tory response of airway and lung to toxic particles
or gases [4,5]. Among all the risk factors for
COPD, cigarette smoking is considered the com-
monest risk factor [6,7]. The disability and mor-
tality resulting from COPD are very high and the
incidence rate of this disease in people over
40 years old has reached 9% to 10% [8,9]. Airway
remodeling is a critical feature of COPD and is
characterized by the aberrant repair of the epithe-
lium [10]. Bronchial epithelial cells are the first
anatomical barrier exposed to noxious gases and
particles of cigarette smoke, which can initiate
airway remodeling in COPD [11]. COPD is
a preventable and treatable disease, but is difficult

diagnosis and treatment of this disease.

MicroRNAs (miRNAs) are short noncoding
RNAs consisting of 19-25 nucleotides, and they
are reported to be involved in diverse diseases [12-
14]. Notably, miRNAs are reported to be involved
in COPD. For example, miR-212-5p exerts
a protective effect on COPD [15]. MiR-543 mod-
ulates COPD progression by targeting interleukin-
33 [16]. MiR-34 c-5p exerts protective effect in
COPD via regulating C-C motif chemokine ligand
22 [17]. Previously, the roles of microRNA-221-3p
(miR-221-3p) are studied in several diseases [18-
21]. Importantly, miR-221-3p regulates several
pulmonary disorders [19,22-26]. For example,
IncRNA taurine up-regulated 1 offsets lipopolysac-
charide-induced inflammation and cell apoptosis
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of macrophage [27]. Reduced miR-221-3p level is
related to airway eosinophilic inflammatory
response in asthma [19]. Particularly, it has been
found that miR-221-3p is downregulated in the
lung tissues of COPD patients [28]. Additionally,
previous studies indicated that miRNAs negatively
modulate gene levels via interacting with the
3'untranslated regions (3'UTRs) of target messen-
ger RNAs (mRNAs) post-transcriptionally [29,30].
MiR-221-3p was indicated to regulate some
human diseases by targeting specific mRNAs.
MiR-221-3p modulates the microvascular dysfunc-
tions in diabetic retinopathy via regulating TIMP
metallopeptidase inhibitor 3 [31]. MiR-221-3p tar-
gets phosphoinositide-3-kinase regulatory subunit
1 to facilitate migration and tube formation abil-
ities of human umbilical vein endothelial cells [32].
MiR-221-3p modulates airway eosinophilic
inflammatory response via targeting C-X-C motif
chemokine ligand 17 in asthma [19]. Nonetheless,
the regulatory mechanism of miR-221-3p in CSE-
treated 16HBE cells was unclear.

Cigarette smoke extract (CSE) was commonly
used to treat human bronchial epithelial 16HBE
cells to mimic COPD in vitro in the previous studies
[33-35]. In this research, we hypothesized that miR-
221-3p can regulate CSE-stimulated 16HBE cell
injury. The aim of this study was to investigate the
biological role and molecular regulatory mechanism
of miR-221-3p in CSE-treated 16HBE cells. Our
research may deepen our understanding of the
pathogenesis of COPD and point out the potential
of miR-221-3p in the treatment of COPD.

2. Materials and methods
2.1 Tissue samples

The lung tissues were acquired from 48 participants
(11 nonsmokers, 21 smokers with COPD and 16
smokers without COPD) at The First People’s
Hospital of Lianyungang, Xuzhou Medical
University Affiliated Hospital of Lianyungang. All
participants signed the informed consents. This
study was conducted in accordance with the
Declaration of Helsinki and the approval was
obtained from the Ethics Committee of The First
People’s Hospital of Lianyungang, Xuzhou Medical
University Affiliated Hospital of Lianyungang.

2.2 Cell lines and cell culture

16HBE is a SV40 large T antigen-transformed
human bronchial epithelial cell line that retains
the differentiated morphology and functions of
normal airway epithelial cells. The 16HBE cells
were purchased from the American Type Culture
Collection (ATCC; USA). Dulbecco’s modified
Eagle’s medium USA) with 10% fetal bovine
serum (Sigma-Aldrich, USA), 100 pg/ml strepto-
mycin (Sigma-Aldrich, USA) and 100 U/ml peni-
cillin (Sigma-Aldrich, USA) was employed to
incubate the cells. Next, the cells were cultured in
the humidified incubator with 5% CO, at 37°C.

2.3 Preparation of CSE

Ten cigarettes (Yuxi, Hongta Cigarette Company,
Yunnan, China) were used to obtain the smoke.
The obtained smoke was bubbled using 25 ml of
media. Next, the collected suspension was titrated to
pH 7.4, filter-sterilized, and considered to be 100%
CSE. After that, the CSE sample was diluted using
phosphate buffer solution to the concentrations of
1%, 2% and 3%, and the stock CSE was kept at —80°C.

2.4 Cell transfection

MiR-221-3p was overexpressed using miR-221-3p
mimics and negative control (NC) mimics served as
corresponding negative controls. The full-length
sequence of cyclin dependent kinase inhibitor 1B
(CDKN1B) was synthesized and subcloned in the
pcDNA3.1 (GenePharma, Shanghai, China) plasmid
to generate the pcDNA3.1/CDKN1B. All plasmids
(GenePharma, Shanghai, China) were transfected
into 16HBE cells by Lipofectamine 2000 (Invitrogen,
USA) and the transfection continued for 48 h.

2.5 Reverse transcription quantitative
polymerase chain reaction (RT-qPCR)

TRIzol reagent (Invitrogen, USA) was employed to
isolate the total RNA from 16HBE cells. The extracted
RNA was then reverse transcribed into cDNA adopt-
ing a Reverse Transcription Kit (Takara, Dalian,
China). SYBR Premix Ex Taq (Takara, Dalian,
China) was used for RT-qPCR. The reaction was
performed on an Applied Biosystems 7000



Sequence Detection System (Applied Biosystems).
The detection results for mRNAs were normalized
to  glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH). U6 acted as the endogenous reference
for miRNAs. Expression fold changes were calculated
using the 2728Ct method [36].

2.6 Western blot

Radio Immunoprecipitation Assay lysis buffer
was employed to lyse 16HBE cells. Next, the
collected protein sample was isolated using
sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis, transferred to polyvinylidene fluor-
ide membranes, and blocked by 5% skim milk
powder for 1 h. Next, primary antibodies were
added into the membranes at 4°C overnight.
Primary antibodies include antibodies against
B cell leukemia/lymphoma 2 (abbreviated as
Bcl-2; ab182858, Abcam), cleaved-caspase-3
(ab32042, Abcam), Bcl2 associated X, apoptosis
regulator (abbreviated as Bax; ab32503, Abcam),
CDKNI1B (ab32034, Abcam) and GAPDH
(ab8245, Abcam). After the membranes were
incubated with the secondary antibodies at
37°C for 1 h, an ECL Plus reagent (Applygen
Technologies Inc., Beijing, China) was employed
to develop the bands.

2.7 Luciferase reporter assay

The wild type or mutant sequence of CDKN1B
3'UTR was subcloned into the pmirGLO reporters
(Promega, USA), and named CDKNI1B-Wt or
CDKNI1B-Mut, respectively. Next, CDKN1B-Mut
or CDKNIB-Wt was cotransfected with NC
mimics or miR-221-3p mimics in 16HBE cells.
Lipofectamine 2000 was employed to perform the
transfection. After 48 h of transfection, a dual-
luciferase reporter assay system kit (Promega)
was used to conduct the luciferase assay.
Modulus  single-tube = multimode  reader
(Promega) was used to detect luciferase activity.

2.8 CCK-8 assay

16HBE cell viability was detected using a Cell
Counting Kit-8 (CCK-8). The transfected cells at
the density of 1 x 10* cells/well were plated onto
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96-well plates. After culture for 0 h, 12 h, 24 h,
36 h and 48 h, CCK-8 solution (10 pl) was
supplemented into each well. After that, the
incubation continued for 4 h. Cell viability was
detected using the microplate reader (EL340;
BioTek Instruments, Hopkinton, MA) at
450 nm.

2.9 Flow cytometry analysis

The flow cytometry was performed to assess
16HBE cell apoptosis with an Annexin V Kit
(Beyotime, China) with reference to protocols sti-
pulated by the manufacturer. Cells transfected
with indicated plasmids or negative controls were
collected 48 h later and washed twice with PBS.
Subsequently, cells (1 x 10° cells/mL) were double
stained using propidium iodide (PI) and Annexin
V-FITC. A BD FACSCalibur flow cytometry was
used to analyze cell apoptosis on the CELLQUEST
program (Becton Dickinson, USA).

2.10 Enzyme-linked immunosorbent assay
(ELISA)

Culture supernatant was collected, and ELISA kits
(R&D Systems, USA) were used to measure the
concentrations of pro-inflammatory cytokines
cytochrome ¢ oxidase subunit II (COX-2), tumor
necrosis factor alpha (TNF-a), interleukin 1 beta
(IL-1p) and interleukin 6 (IL-6) in line with man-
ufacturer’s instructions.

2.11 Data statistics

Data analysis was conducted employing SPSS 23.0
(IBM SPSS, Chicago, IL, USA). All data are exhib-
ited as the means + standard deviation. A one-way
analysis of variance followed by HolmSidak pos-
hoc test was performed to analyze the statistical
significance in three or more groups. Difference
between two groups was assessed using Student’s
t-test. Pearson correlation analysis was used to
analyze the correlation between mRNA expression
and miRNA expression. P-value of < 0.05 was
regarded statistically significant.
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3. Results

3.1 MiR-221-3p was lowly expressed in lung
tissues of COPD patients and CSE-treated 16HBE
cells

To identify the role of miR-221-3p in COPD, miR-
221-3p level in COPD was detected. RT-qPCR ana-
lysis suggested that miR-221-3p level was lower in
lung tissues of smokers and COPD patients relative
to nonsmokers (Figure 1a). Next, we treated 1l6HBE
cells by different time or concentrations. In compar-
ison with the control group, 16HBE cell viability was
dose-dependently decreased by 1%, 2% and 3% CSE
(Figure 1b). Subsequently, 16HBE cells were exposed
to 2% CSE for 0 h, 12 h, 24 h, 36 h and 48 h, and we
observed that the viability of 16HBE cells was time-
dependently decreased by 2%CSE stimulation
(Figure 1b). Next, we evaluated the influence of
CSE on miR-221-3p level. Our findings demon-
strated that in comparison with the control group,
miR-221-3p level was concentration-dependently
and time-dependently reduced by CSE in 16HBE
cells (Figure 1c). In summary, the above data showed

that miR-221-3p presents a low level in lung tissues
of COPD patients and CSE- stimulated 16HBE cells.

3.2 MiR-221-3p overexpression inhibited cell
apoptosis and inflammation in 16HBE cells

Subsequently, the functions of miR-221-3p in
apoptosis and inflammatory response of 16HBE
cells were investigated. First, we overexpressed
miR-221-3p by transfection of miR-221-3p mimics
into 16HBE cells (Figure 2a). Next, we found that
CSE promoted 16HBE cell apoptosis, which was
then offset by miR-221-3p mimics (Figure 2b).
Additionally, Bax and cleaved caspase-3 protein
levels were increased in CSE-treated 16HBE cells,
and miR-221-3p mimics decreased cleaved cas-
pase-3 and Bax protein levels; Bcl-2 protein level
was reduced in CSE-treated 16HBE cells, and miR-
221-3p mimics improved Bcl-2 protein level
(Figure 2c). Moreover, we observed that the con-
centrations of inflammatory cytokines COX-2, IL-
1B, TNF-a and IL-6 were enhanced in 16HBE cells
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Figure 1. MiR-221-3p exhibits a low expression in COPD tissues and 16HBE cells. (a) MiR-221-3p levels in the tissues of nonsmokers
(n = 11), smokers without COPD (n = 16) and smokers with COPD (n = 21) were detected by RT-qPCR. (b) The viability of 16HBE cells
in response to different concentrations (0%, 1%, 2%, 3%) of CSE for 24 h (the left panel) or in response to 2% CSE for 0 h, 12 h, 24 h,
36 h, 48 h (the right panel) was detected by CCK-8. (c) MiR-221-3p levels in 16HBE cells by treatment of different concentrations (0%,
1%, 2%, 3%) of CSE for 24 h (the left panel) or by 2% CSE for 0 h, 12 h, 24 h, 36 h, 48 h (the right panel) was detected by RT-qPCR.

*P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Overexpressed miR-221-3p suppressed the apoptosis

and inflammation of 16HBE cells. (a) MiR-221-3p expression in the

four groups. (b) The apoptosis of 16HBE cells in different groups. (c) The protein levels of Bax, cleaved caspase-3 and Bcl-2 in 16HBE
cells from different groups. (d-e) The concentrations of inflammatory cytokines COX-2, IL-6, TNF-a and IL-1B in the four groups.

**P < 0.01, ***P < 0.001.

after treatment of CSE, while the concentrations
were then reduced upon miR-221-3p mimics
(Figure 2d-e). The above data suggested that
miR-221-3p restrained the apoptosis and inflam-
matory response of CSE-stimulated 16HBE cells.
Furthermore, miR-221-3p inhibitor was trans-
fected into the 16HBE cells. The silencing effi-
ciency of miR-221-3p was verified by RT-qPCR
(Figure 3a). MiR-221-3p knockdown promoted
the apoptosis and inflammatory response of CSE-
stimulated 16HBE cells (Figure 3b-d).

3.3 CDKN1B was targeted by miR-221-3p

Subsequently, the potential targets of miR-221-3p
in CSE-stimulated 16HBE cells were explored.
First, from starBase database (http://starbase.sysu.
edu.cn), we identified 5 mRNAs binding with
miR-221-3p. RT-qPCR analysis showed that
CDKNI1B was highly expressed in CSE-treated
16HBE cells (Figure 4a). Additionally, CDKN1B
exhibited a higher level in the lung tissues of
smokers and COPD patients than nonsmokers
(Figure 4b). Next, we evaluated the binding of
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Figure 3. Overexpressed miR-221-3p suppressed the apoptosis and inflammation of 16HBE cells. (a) MiR-221-3p silencing efficiency
was detected by RT-gPCR. (b) The apoptosis of 16HBE cells under the condition of miR-221-3p deficiency was detected by CCK-8. (c)
The protein levels of Bax, cleaved caspase-3 and Bcl-2 in 16HBE cells under the condition of miR-221-3p deficiency were detected by

western blotting. (d) The concentrations of inflammatory cytokines

COX-2, IL-6, TNF-a and IL-1 under the condition of miR-221-3p

deficiency were detected by ELISA. *P < 0.05, **P < 0.01, ***P < 0.001.

CDKNI1B with miR-221-3p. The binding site of
CDKN1B 3'UTR with miR-221-3p was exhibited
in Figure 4c. Luciferase activity of the CDKN1B-
Wt reporter was weakened by miR-221-3p upre-
gulation, but the luciferase activity of the

CDKN1B-Mut reporter presented no significant
change (Figure 4d). Next, we observed that miR-
221-3p overexpression was in a negative correla-
tion with CDKN1B expression in 21 COPD tissues
(Figure 4e). Furthermore, miR-221-3p
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Figure 4. CDKN1B was targeted by miR-221-3p. (a) The expressions of the 5 mRNAs that shared binding site with miR-221-3p in
16HBE cells with or without CSE stimulation. (b) CDKN1B expression in the tissues of nonsmokers (n = 11), smokers without COPD
(n = 16) and smokers with COPD (n = 21). (c) The binding site of CDKN1B 3'UTR with miR-221-3p. (d) The binding capability of
CDKN1B with miR-221-3p was assessed by luciferase reporter assay. (e) The correlation of CDKN1B level and miR-221-3p level in 21
COPD tissues was determined using Pearson correlation analysis. (f) Effects of miR-221-3p on CDKN1B mRNA and protein levels were
detected by RT-gPCR and western blotting. *P < 0.05, **P < 0.01, ***P < 0.001.

overexpression reduced CDKN1B mRNA and pro-
tein levels in 16HBE cells (figure 4f). In summary,
CDKNI1B was targeted by miR-221-3p in 16HBE
cells.

3.4 CDKN1B overexpression offset the influence
of miR-221-3p on cell apoptosis and
inflammatory response in 16HBE cells

Finally, to validate whether miR-221-3p modulates
cell apoptosis and inflammatory response in CSE-
stimulated 16HBE cells via CDKN1B, rescue assays
were performed. First, CDKNIB was overex-
pressed by transfection of pcDNA3.1/CDKNI1B
into CSE-stimulated 16HBE cells (Figure 5a).
Next, flow cytometric analysis revealed that
CDKNI1B upregulation partially offset the suppres-
sive influence of miR-221-3p mimics on the apop-
tosis of 16HBE cells (Figure 5b). Additionally,
CDKNI1B overexpression partially restored the
decline of cleaved caspase-3 and Bax protein levels
and the increase of Bcl-2 protein levels resulting

from miR-221-3p mimics (Figure 5c). Moreover,
we observed that CDKNI1B overexpression par-
tially rescued the miR-221-3p mimics-induced
decrease of inflammatory cytokines COX-2, IL-
1B, IL-6, and TNF-a (Figure 5d-e). In conclusion,
the above data suggested that miR-221-3p regu-
lates cell apoptosis and inflammatory response in
CSE-stimulated 16HBE cells via CDKN1B.

4. Discussion

Previously, aberrant expression of miRNAs has
been reported to be related to several pulmonary
disorders [15,37,38]. In the current research, we
probed the biological function and molecular reg-
ulatory mechanism of miR-221-3p in CSE-
stimulated 16HBE cells, an in vitro model of
COPD. Our data suggested that miR-221-3p alle-
viated cell apoptosis and inflammatory response
via regulating CDKNIB in CSE-stimulated
16HBE cells.
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Figure 5. CDKN1B overexpression counteracted the influence of miR-221-3p on the apoptosis and inflammation of 16HBE cells. (a)
The overexpression efficiency of CDKN1B was detected by western blotting. (b) 16HBE cell apoptosis with transfection of indicated
plasmids was detected by annexin V-FITC/PI staining and analyzed by flow cytometry. (c) The protein levels of Bax, Bcl-2 and Cleaved
Caspase-3 in 16HBE cells from different groups were detected by western blotting. (d-e) The concentrations of inflammatory
cytokines COX-2, IL-6, TNF-a and IL-1f in the four groups were detected by ELISA. **P < 0.01, ***P < 0.001.



We evaluated miR-221-3p levels in lung tissues of
smokers and found a significant downregulation of
miR-221-3p in smokers compared with the nonsmo-
kers, and in smokers with COPD compared with the
smokers without COPD. Consistently, according to
a previous research, miR-221-3p expression was in
alow level in some diseases. Expression of miR-221-
3p is indicated to be low in cartilage tissues of
patients with osteoarthritis [39]. MiR-221-3p expres-
sion is downregulated in peripheral nerve injury [20]
and preeclampsia [40]. Notably, miR-221-3p is
reported to be lowly expressed in lung tissues of
COPD patients [28]. Contradictorily, Yahui Shen
et al. demonstrated that serum levels of miR-221-
3p were higher in 155 COPD patients than 77
healthy volunteers [41]. The contradiction of miR-
221-3p expression in COPD patients might be asso-
ciated with sample size and individual variation of
patients.

Subsequently, the investigation of the functions of
miR-221-3p in COPD was conducted. Previous stu-
dies have indicated that miR-221-3p regulates cell
apoptosis and inflammatory response in some dis-
eases [27,42,43]. Reduced miR-221-3p might allevi-
ate airway eosinophilic inflammatory response in
asthma [19]. Upregulated miR-221-3p exerts an
anti-inflammatory effect in coronary heart disease
[44]. MiR-221-3p alleviates oxidized low-density
lipoprotein-induced apoptosis and inflammation in
atherosclerosis [43]. In our study, miR-221-3p over-
expression restrained inflammatory response and
cell apoptosis in CSE-stimulated 16HBE cells.

Additionally, miR-221-3p was indicated to reg-
ulate some human diseases by targeting specific
mRNAs [19,23,31]. However, whether miR-221-
3p regulates COPD in the same manner remains
ambiguous. CDKNIB, also known as CDKN4,
KIP1, MEN1B, MEN4 and P27KIP1, has been
reported to be an active regulator in many biolo-
gical processes [45,46]. Mechanistically, CDKN1B
was reported to act as a downstream target of
miRNAs in many diseases. MiR-142-3p facilitates
cell viability and suppresses cell apoptosis via reg-
ulating CDKNI1B after sciatic nerve injury [47].
CDKNI1B regulates oxyhemoglobin-induced neu-
ronal cell apoptosis and inflammatory responses
via miR-502-5p following subarachnoid hemor-
rhage [48]. An exploration of the regulatory
mechanism of miR-221-3p in the present study
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revealed that CDKNI1B 3'UTR was targeted and
degraded by miR-221-3p. CDKNIB expression
was higher in CSE-stimulated 16HBE cells and in
COPD patients. Overexpressed CDKN1B partially
countervailed the suppressive influence of miR-
221-3p on cell apoptosis and inflammatory
response in CSE-treated 16HBE cells, indicating
that CDKN1B is a positive regulator in COPD
and is involved in miR-221-3p-medaited COPD
pathogenesis. Considering the partial rescue effects
of CDKN1B on miR-221-3p, it can be inferred that
some other modulators associated with the miR-
221-3p/CDKNI1B axis regulate 16HBE cell apopto-
sis and inflammatory response and further med-
iate COPD, which can explain the large difference
in CDKN1B expression despite the relatively small
difference in miR-221-3p expression in COPD
patients compared to control individuals.

There are some limitations of the present study.
First, 16HBE is a transformed cell line and cannot
completely imitate human bronchial epithelial cell
line. Furthermore, we did not investigate other
factors, such as epithelial-mesenchymal transition
and oxidative stress that are involved in bronchial
remodeling after CSE treatment. It is not clear
whether miR-221-3p plays a protective role in air-
way remodeling in animal models, which remains
to be investigated in future study.

5. Conclusions

This research manifested that miR-221-3p alle-
viated cell apoptosis and inflammatory response
via targeting CDKNI1B in CSE-treated 16HBE
cells. Our finding disclosed the potential molecular
mechanism of miR-221-3p in COPD, and our
finding exhibited the potential of miR-221-3p in
COPD treatment.
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