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Abstract. Accumulating evidence has suggested that long 
non‑coding (lnc)RNAs are widely involved in the progression 
of multiple diseases, including chronic obstructive pulmonary 
disease (COPD). The aim of the present study was to explore 
the function and molecule mechanism of maternally expressed 
gene 3 (MEG3) in cigarette smoke extract (CSE)‑treated 
16HBE cells. Cell viability and apoptosis were evaluated 
using Cell Counting Kit‑8 analysis and flow cytometry, 
respectively. Western blot analysis was carried out to deter‑
mine the protein levels of Bcl‑2, Bax and cleaved caspase‑3. 
ELISA assays were utilized to measure the protein levels of 
IL‑1β and IL‑6 and TNF‑α. Cytotoxicity was assessed using 
a lactate dehydrogenase release assay. The expression levels 
of MEG3 and microRNA (miR)‑181a‑2‑3p were detected 
using reverse transcription‑quantitative PCR. The interac‑
tion between miR‑181a‑2‑3p and MEG3 was predicted using 
DIANA tools and verified by a dual‑luciferase reporter assay 
and RNA Immunoprecipitation assay. MEG3 expression was 
enhanced while miR‑181a‑2‑3p abundance was reduced in the 
serum of patients with COPD and CSE‑treated 16HBE cells. 
MEG3‑knockdown or miR‑181a‑2‑3p‑overexpression inhibited 
CSE‑induced apoptosis, inflammation and cytotoxicity in 
16HBE cells. Moreover, miR‑181a‑2‑3p directly bind to MEG3 
and its knockdown reversed the inhibitory effect of MEG3 
interference on apoptosis, inflammation and cytotoxicity 
in CSE‑treated 16HBE cells. Overall, MEG3‑knockdown 

suppressed CSE‑induced apoptosis, inflammation and 
cytotoxicity in 16HBE cells by upregulating miR‑181a‑2‑3p, 
providing a promising therapeutic target for treatment of 
CSE‑induced COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is one of 
the leading causes of death worldwide, and its prevalence 
and mortality may increase further in the coming decades 
due to smoking and exposure to noxious agents (1). COPD 
is characterized by partially irreversible airflow obstruction 
due to inflammation of the airways and destruction of lung 
parenchyma (2). Tobacco smoke is the main cause of COPD 
development and it can induce the release of inflammatory 
cytokines, such as IL‑1β, IL‑6 and TNFα (3‑5). Currently, there 
is no effective and specific treatment for COPD. Therefore, 
it is important to improve our understand of the pathogenic 
mechanisms at the molecular level to develop new therapeutic 
approaches.

Long non‑coding (lnc)RNAs are a class of endogenous 
cellular RNAs (>200 nucleotides) that lack protein‑coding 
capacity and serve regulatory roles in various physiopatho‑
logical processes (6). In previous years, lncRNAs have been 
identified to have essential roles in various types of disease, 
including COPD  (7,8). For example, lncRNA taurine 
upregulated 1 promotes airway remodeling by inhibiting the 
miR‑145‑5p/dual specificity protein phosphatase 6 axis in 
CSE‑induced COPD (9). Moreover, another previous study 
reported that lncRNA MIR155 host gene regulated M1/M2 
macrophage polarization in the progression of COPD (10). 
Maternally expressed gene (MEG)3, located on human 
chromosome 14q32.3, is a maternally imprinted gene and 
plays important roles in numerous diseases, such as glioma, 
gastric cancer and Alzheimer's disease (11,12). In addition, 
a previous report demonstrated that MEG3 is overexpressed 
in COPD tissues  (13). However, the precise molecular 
mechanisms underlying MEG3 function in COPD progression 
and development remains poorly understood.

Growing evidence has shown that lncRNAs can function 
as competing endogenous (ce)RNAs to modulate gene 
expression through sponging miRNA (14,15). miRNAs are 
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small non‑coding RNAs, which negatively regulate gene 
expression and modulate diverse physiological processes, 
such as differentiation, proliferation, apoptosis and 
metabolism (16). An increasing number of studies have shown 
that dysregulation of miRNAs is associated with multiple 
pathological conditions, including COPD (17,18). In particular, 
low expression of miR‑181a‑2‑3p has been identified in the 
serum of patients with COPD (19). Nevertheless, to the best of 
our knowledge, there is no evidence to support the interaction 
between MEG3 and miR‑181a‑2‑3p in COPD. Therefore, the 
function of miR‑181a‑2‑3p in the pathogenesis of COPD needs 
to be investigated.

The present study used cigarette smoke extract (CSE)‑treated 
16HBE cells as an in vitro model of COPD to investigate the 
biological functions of MEG3 and miR‑181a‑2‑3p in COPD 
progression. In addition, the molecular mechanisms of MEG3 
and miR‑181a‑2‑3p in CSE‑stimulated 16HBE cells were 
investigated. The results of the present study may provide a 
promising avenue for treatment of COPD.

Materials and methods

Serum collection and RNA isolation. Blood samples were 
obtained from 55  patients (median age, 58; age range: 
38‑81 years; male: 36, females: 19) with COPD and 47 healthy 
control individuals (median age: 53, age range: 36‑73 years, 
male: 28, females; 19). These participants (no other diseases) 
did not receive chemotherapy, radiotherapy or other therapy 
prior to blood collection. All blood samples were obtained 
from Changning County Hospital of Traditional Chinese 
Medicine (Yibin, China). The participants provided written 
informed consent and the study was approved by The Ethics 
Committee of Changning County Hospital of Traditional 
Chinese Medicine (Yibin, China). 

Blood samples from antecubital vein were collected with a 
special tube containing separation gel and clot activator, and 
then centrifuged at 1,700 x g for 10 min at room temperature. 
The supernatant was transferred to a new tube and centrifuged 
at 850 x g for 30 min at 4˚C to discard the cell debris. Next, 
the final supernatant was transferred to labeled EP tubes 
and stored at ‑80˚C until RNA extraction. The miRNeasy 
Serum/Plasma kit (Qiagen GmbH) was used to isolate total 
RNA from the serum.

Cell culture and transfection. Normal human bronchial 
epithelial cells (16HBE) were purchased from BeNa Culture 
Collection and maintained in DMEM (Hyclone; Cyvita) 
containing 10% (Gibco; Thermo Fisher Scientific, Inc.) 
in a humidified atmosphere with 5% CO2 at 37˚C. For CSE 
treatment, 16HBE cells were exposed to various concentrations 
(0, 1, 2 and 4%) of CSE for different times (0, 12, 24 and 48 h).

The small interfering (si)RNA against MEG3 (si‑MEG3) 
and siRNA scrambled control (si‑NC; non‑specific scram‑
bled siRNA), MEG3‑overexpression vector and empty 
vector (vector), miR‑181a‑2‑3p mimic (miR‑181a‑2‑3p) and 
its negative control (miR‑NC), miR‑181a‑2‑3p inhibitor 
(anti‑miR‑181a‑2‑3p) and its negative control (anti‑miR‑NC) 
were provided by Shanghai GenePharma Co., Ltd. The 
sequences were as follows: si‑MEG3 (5'‑GGG​CTT​CTG​GAA​
TGA​GCA​T‑3'); si‑NC (5'‑UUC​UCC​GAA​CGU​GUC​ACG​

UTT‑3'); miR‑181a‑2‑3p mimic (5'‑ACC​ACU​GAC​CGU​UGA​
CUG​UAC​C‑3'); miR‑NC (5'‑ACU​CUA​UCU​GCA​CGC​UGA​
CUU‑3'); miR‑181a‑2‑3p inhibitor (5'‑GGU​ACA​GUC​AAC​
GGU​CAG​UGG​U‑3'); anti‑miR NC (5'‑CAG​UAC​UUU​UGU​
GUA​GUA​CAA‑3'). 16HBE cells were seeded into seeded in 
six‑well plates (5x105 cells/well) and then transfected with 
oligonucleotide (50 nM miRNA mimic/inhibitor and 20 nM 
siRNA) or plasmid (2 µg) using the Lipofectamine® 3000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) when 
cell confluence reached 60‑70%. The cells were collected for 
subsequent experimentation following 24 h of transfection at 
37˚C. Non‑transfected group was used as control group.

Preparation of CSE. The preparation of CSE was performed 
as previously described  (20). Briefly, the smoke from 
10 cigarettes (China Tobacco Hunan Industrial Co, Ltd.) was 
bubbled through 25 ml of phosphate‑buffered saline (PBS). 
The suspension was adjusted to pH 7.2‑7.4 and filtered using 
a cellulose membrane (0.22 µm) to remove the bacteria. This 
solution was regarded as 100% CSE and diluted with PBS to 
obtain concentrations of 0, 1, 2 and 4%.

Cell viability assay. A Cell Counting Kit (CCK)‑8 (Sangon 
Biotech Co., Ltd.) was utilized to evaluate cell viability. In 
brief, 16HBE cells (100 µl) were seeded in 96‑well plates 
overnight. After treatment or/and transfection, CCK‑8 (10 µl) 
reagent was added to per well and then incubated for another 
3 h. Lastly, optical density (OD) value was examined under a 
microplate reader (Bio‑Rad Laboratories, Inc.) at 450 nm.

Apoptosis assay. An apoptosis assay was conducted using 
an Annexin V‑FITC/PI apoptosis detection kit (Sangon 
Biotech Co., Ltd.) to determine the apoptosis. After treatment 
or/and transfection, 16HBE cells were collected, centrifuged 
at 1,000 x g for 5 min 4˚C, washed three times with PBS and 
resuspended in binding buffer (300 µl). Subsequently, cells 
were double‑stained with Annexin V‑FITC and PI for 20 min 
in the dark at room temperature. Lastly, the apoptotic rate 
was then analyzed using flow cytometry (Guava easyCyte 
HT; Luminex Corporation). The data were analyzed using 
GuavaSoft 3.2 software (Luminex Corporation).

Western blot assay. After treatment or/and transfection, 16HBE 
cells were lysed in RIPA lysis buffer (Beyotime Institute 
of Biotechnology) containing protease inhibitors to obtain 
total protein. After quantification by using bicinchoninic 
acid protein assay kit (Beyotime Institute of Biotechnology), 
an equal amount (40 µg per lane) of protein was resolved 
by 10‑12% SDS‑PAGE and then transferred onto PVDF 
membranes (0.2 µm; Beyotime Institute of Biotechnology). 
Next, membranes were blocked using 5% non‑fat milk 
(Sangon Biotech Co., Ltd.) and then probed with specific 
primary antibody against Bcl‑2 (1:1,000; cat. no. ab196495), 
Bax (1:500; cat.  no.  ab53154), cleaved caspase‑3 (1:500; 
cat. no.  ab49822) and GAPDH (1:3,000, cat. no.  ab37168) 
(all Abcam) for 12 h at 4˚C. Subsequently, all membranes 
were incubated in HRP‑conjugated anti‑rabbit IgG (1:4,000; 
cat. no. D110058; Sangon Biotech Co., Ltd.). Finally, all protein 
bands were observed using the ECL system (EMD Millipore). 
The protein levels were normalized by GAPDH, and ImageJ 
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software version 1.50d software (National Institutes of Health) 
was used to evaluate the bands density.

ELISA assay. After treatment or/and transfection, the concen‑
trations of IL‑1β, IL‑6 and TNF‑α were detected using the 
following human ELISA kits: IL‑1β (cat. no. E‑EL‑H0149c), 
IL‑6 (cat. no. E‑EL‑H0102c) and TNF‑α (cat. no. E‑EL‑H0109c 
(all Elabscience, Inc.). The data were presented in terms of 
pg per ml.

Lactate dehydrogenase (LDH) release assay. After treatment 
or/and transfection, the level of LDH released into cultured 
medium was measured using a LDH Cytotoxicity Assay 
kit (Beyotime Institute of Biotechnology). The results were 
presented as the percent of total LDH content.

RNA extraction and reverse transcription quantitative 
(RT‑q)PCR. Referring to instruction of manufacturers, total 
RNA from 16HBE cells was isolated using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). For detecting 
MEG3 expression, the first strand of cDNA was synthesized 
using a Prime Script RT reagent kit (Takara Bio, Inc.). For 
miR‑181a‑2‑3p expression detection, cDNA was synthesized 
using a TaqMan MicroRNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The RT conditions 
were conducted as per the manufacturer's protocols. Then, 
qPCR was performed using the SYBR-Green Master Mix 
on 7500 Real‑time PCR system (both Applied Biosystems; 
Thermo Fisher Scientific, Inc.) with the following thermocy‑
cling conditions: Pre‑denaturation at 95˚C for 15 sec, followed 
by 40 cycles of denaturation at 95˚C for 30 sec, annealing at 
60˚C for 30 sec and extension at 72˚C for 40 sec. The primers 
used for RT‑qPCR were listed as below: MEG3, Forward: 
5'‑CAG​GAT​GGC​AAA​GGA​TGA​AG‑3' and reverse: 5'‑GCA​
GGT​GAA​CAC​AAG​CAA​AGA‑3'); miR‑181a‑2‑3p, forward: 
5'‑GCG​CGA​CCA​CTG​ACC​GTT​GAC​3‑3' and reverse: 5'‑ATC​
CAG​TGC​AGG​GTC​CGA​GG‑3'); GAPDH, forward: 5'‑CGC​
TCT​CTG​CTC​CTC​CTG​TTC‑3' and reverse: 5'‑ATC​CGT​TGA​
CTC​CGA​CCT​TCA​C‑3'); U6, forward: 5'‑GCT​TCG​GCA​GCA​
CAT​ATA​CTA​AAA​T‑3' and reverse: 5'‑CGC​TTC​ACG​AAT​
TTG​CGT​GTC​AT‑3'). The expression levels of MEG3 and 
miR‑181a‑2‑3p were calculated using the 2‑ΔΔCq method (21) 
and normalized to GAPDH and U6, respectively.

Dual‑luciferase reporter assay. Potential binding sites of MEG3 
and miR‑181a‑2‑3p were predicted using DIANA tools (http://
diana.imis.athena‑innovation.gr/DianaTools/index.php). The 
fragment of MEG3 containing the wild‑type (WT) or mutant 
(MUT) binding sites of miR‑181a‑2‑3p was amplified and inserted 
into the pmirGLO luciferase vector (Promega Corporation), 
namely WT‑MEG3 or MUT‑MEG3. The miR‑181a‑2‑3p or 
miR‑NC was co‑transfected with WT‑MEG3 or MUT‑MEG3 
into 16HBE cells using the Lipofectamine 3000 reagent for 48 h 
as aforementioned. Lastly, the luciferase activity was determined 
by dual‑luciferase reporter assay system (Promega Corporation), 
followed by normalization to Renilla luciferase activity.

RNA immunoprecipitation (RIP) assay. To further verify the 
relationship between MEG3 and miR‑181a‑2‑3p, a Magna RIP 
kit (cat. no. 17‑700; EMD Millipore) was used for RIP assay. In 

brief, 16HBE cells were lysed in the RIP lysis buffer, and then 
cell lysates were incubated in RIP buffer containing magnetic 
beads (50 µl; cat. no. CS203178; EMD Millipore) conjugated 
with anti‑argonaute 2 (Anti‑Ago2; cat. no. ab32381; 1:2,000; 
Abcam) or immunoglobulin G (Anti‑IgG; cat. no. ab109489; 
1:5,000, Abcam). Input and normal IgG were used as controls. 
After that, immunoprecipitated RNAs were isolated by 
proteinase K (150 µl) at 55˚C for 30 min to digest the protein. 
Lastly, purified RNAs were determined using RTq‑PCR as 
aforementioned.

Statistical analysis. Data are presented as the mean ± SD 
from at least three independent experiments. The statistical 
differences between two groups or multiple (>2) groups were 
assessed using unpaired Student's t‑test or one‑way ANOVA 
followed by Tukey's post hoc test. Statistical analyses were 
performed using Graph Prism 6.0 software (GraphPad 
Software Inc.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

CSE treatment represses cell viability and promotes 
apoptosis, inflammation and cytotoxicity in 16HBE cells. 
To explore the effect of CSE on COPD progression, 16HBE 
cells were exposed to CSE. The CCK‑8 assay suggested that 
CSE treatment decreased viability of 16HBE cells in a dose‑ 
and time‑dependent manner (Fig. 1A). The apoptosis assay 
revealed that apoptosis was enhanced in 16HBE cells exposed 
to CSE (Fig.  1B). Similarly, CSE exposure increased the 
protein expression of Bax (pro‑apoptotic molecule) (22) and 
cleaved caspase‑3 (a key executor in apoptotic process) (23), 
but decreased the protein abundance of Bcl‑2 (anti‑apoptotic 
molecule) (22) (Fig. 1C). Moreover, the levels of inflammatory 
cytokines, including IL‑1β, IL‑6 and TNF‑α, were examined 
using ELISA analysis in CSE‑induced 16HBE cells. The 
results reported that IL‑1β, IL‑6 and TNF‑α levels were 
increased in 16HBE cells after treatment of CSE (Fig. 1D). 
LDH is a cytoplasmic enzyme that is released when the plasma 
membrane is destroyed, and can be measured in the superna‑
tant as an indicator of cytotoxicity (24). Results showed that 
LDH release was increased in supernatants of 16HBE cells 
exposed to CSE (Fig. 1E). Overall, these data suggested that 
CSE might promote the progression of COPD. 

Increased MEG3 expression in serum of patients with COPD 
and CSE‑treated 16HBE cells. The expression of MEG3 in 
serum of patients with COPD and CSE‑exposed 16HBE cells 
was examined. The data demonstrated that the level of MEG3 
was evidently increased in serum of patients with COPD 
compared with control group (Fig. 2A). Additionally, CSE 
exposure also enhanced the expression of MEG3 in 16HBE 
cells (Fig. 2B). These results suggested that MEG3 might play 
an important role in COPD progression.

MEG3‑knockdown attenuates CSE‑induced apoptosis, 
inflammation and cytotoxicity in 16HBE cells. To investigate 
whether MEG3 was involved in the CSE‑mediated the 
progression of COPD, si‑NC or si‑MEG3 was transfected into 
CSE‑treated 16HBE cells. It was reported that the expression 
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Figure 1. Effects of CSE on cell viability, apoptosis, inflammation and cytotoxicity in 16HBE cells. (A) Cell Counting Kit‑8 assay was employed to determine 
the cell viability in 16HBE cells exposed to various concentrations (0, 1, 2 and 4%) of CSE for 0, 12, 24 or 48 h. (B‑E) 16HBE cells were exposed to CSE (2% 
for 24 h). (B) Apoptosis rate was determined using flow cytometry analysis. (C) Western blotting was conducted to measure the protein levels of Bax, Bcl‑2 and 
cleaved caspase‑3. (D) Levels of IL‑1β, IL‑6 and TNF‑α were examined using ELISA assays. (E) LDH release was measured by LDH release assay. *P<0.05 
vs. 0% or NC. CSE, cigarette smoke extract; NC, negative control.

Figure 2. Relative expression of MEG3 in serum of patients with COPD patients and CSE‑induced 16HBE cells. (A) Expression of MEG3 was determined 
using RTq‑PCR in the serum of patients with COPD or healthy controls. (B) MEG3 level was determined using the RT‑qPCR in16HBE cells and 16HBE cells 
treated with CSE (2%, 24 h). *P<0.05 vs. respective control. MEG3, maternally expressed gene 3; COPD, chronic obstructive pulmonary disease; CSE, cigarette 
smoke extract; NC, negative control; Con, control; RT‑q, reverse transcription‑quantitative.
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of MEG3 was decreased after transfection with si‑MEG in 
16HBE cells compared with the si‑NC (Fig. S1A), suggesting 
that MEG3 was successfully knocked down in 16HBE cells. 
The RT‑qPCR assay showed that knockdown of MEG3 
obviously reversed increase of MEG3 expression caused by 
CSE in 16HBE cells (Fig. 3A). The CCK‑8 assay indicated that 
MEG3 interference markedly abrogated the inhibitory effect of 
CSE treatment on the viability of 16HBE cells (Fig. 3B). Next, 
the impact of MEG3 on apoptosis of CSE‑treated 16HBE cells 
was further explored. As shown in Fig. 3C and D, silencing 

MEG3 weakened the effect of CSE treatment on promotion of 
apoptotic rate, Bax and cleaved caspase‑3 expression decreased 
and the level of Bcl‑2 increased compared with the NC group. 
Moreover, knockdown of MEG3 also abated the promoting 
effects of CSE treatment on IL‑1β, IL‑6 and TNF‑α levels as 
well as LDH release compared with the NC (Fig. 3E‑H). These 
findings suggested that MEG3‑downregulation overcame 
CSE‑mediated decreased cell viability and decreased 
CSE‑induced apoptosis, inflammation and cytotoxicity in 
16HBE cells.

Figure 3. MEG3‑downregulation inhibits CSE‑mediated apoptosis, inflammation and cytotoxicity in 16HBE cells. 16HBE cells were transfected with si‑NC 
or si‑MEG3 and then stimulated with CSE. (A) MEG3 expression was assessed using reverse transcription‑quantitative PCR. (B) Cell viability was evaluated 
using Cell Counting Kit‑8 analysis. (C) Flow cytometry was used to detect apoptosis. (D) Western blotting was used to measure the protein expression of Bax, 
Bcl‑2 and cleaved caspase‑3. Levels of (E) IL‑1β, (F) IL‑6 and (G) TNF‑α were analyzed using ELISA kita. (H) LDH release assay was utilized to assess the 
cytotoxicity. *P<0.05 vs. respective control. MEG3, maternally expressed gene 3; CSE, cigarette smoke extract; NC, negative control; si, small interfering.
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miR‑181a‑2‑3p is a direct target of MEG3. It is widely reported 
that lncRNAs can exert their functions through binding with 
their downstream miRNAs (25). Thus, the predicted target 
miRNAs of MEG3 were identified using DIANA tools. As 
presented in Fig. 4A, MEG3 contained potential binding sites 
of miR‑181a‑2‑3p. Moreover, the transfection efficiency of 
miR‑181a‑2‑3p and anti‑miR‑181a‑2‑3p was examined using 

RTq‑PCR. The results showed that transfection of miR‑181a‑2‑3p 
increased the expression of miR‑181a‑2‑3p compared with 
miR‑NC group, and transfection of anti‑miR‑181a‑2‑3p 
decreased the expression of miR‑181a‑2‑3p (Fig.  S1B), 
indicating that miR‑181a‑2‑3p and anti‑miR‑181a‑2‑3p were 
successfully transfected into 16HBE cells. Subsequently, the 
interaction between MEG3 and miR‑181a‑2‑3p was validated 

Figure 4. Interaction between miR‑181a‑2‑3p and MEG3. (A) Putative binding sites between miR‑181a‑2‑3p and MEG3 were predicted using DIANA tools. 
(B) Effect of miR‑181a‑2‑3p‑overexpression on luciferase activities of WT‑MEG3 and MUT‑MEG3 was evaluated using a dual‑luciferase luciferase reporter 
assay. (C) Enrichment of MEG3 or miR‑181a‑2‑3p was measured using an RNA immunoprecipitation assay in 16HBE cells incubated with Anti‑Ago2 
or Anti‑IgG. (D) Relative abundance of miR‑181a‑2‑3p was detected using RT‑qPCR in serum of patients with COPD or healthy controls. (E) Relative 
miR‑181a‑2‑3p expression was analyzed using RT‑qPCR in16HBE cells and 16HBE cells treated with CSE (2%, 24 h). (F) Expression of MEG3 was assessed 
by RT‑qPCR assay in 16HBE cells transfected with vector or MEG3. (G) RT‑qPCR was carried out to evaluate the level of miR‑181a‑2‑3p in 16HBE cells 
transfected with si‑NC, si‑MEG3, vector or MEG3. *P<0.05 vs. respective control. MEG3, maternally expressed gene 3; CSE, cigarette smoke extract; NC, 
negative control; si, small interfering; WT, wild‑type; MUT, mutant; RT‑q, reverse transcription‑quantitative; COPD, chronic obstructive pulmonary disease; 
vector, MEG3‑overexpression vector negative control.



ONCOLOGY LETTERS  21:  45,  2021 7

by dual‑luciferase reporter and RIP assays. Results showed 
that miR‑181a‑2‑3p‑overexpression significantly decreased 
the luciferase activity of WT‑MEG3 in16HBE cells, whereas 
miR‑181a‑2‑3p upregulation had no significant impact on the 
luciferase activity of MUT‑MEG3 (Fig. 4B). RIP analysis 
demonstrated that the enrichment of MEG3 and miR‑181a‑2‑3p 
was greatly enhanced in Anti‑Ago2 group compared with the 
Anti‑IgG group (Fig. 4C). Next, miR‑181a‑2‑3p expression in 
serum of patients with COPD and CSE‑induced 16HBE cells 
was measured. As exhibited in Fig. 4D and E, miR‑181a‑2‑3p 
abundance was significantly decreased in serum of patients 
with COPD and CSE‑exposed 16HBE cells compared with 
respective controls. In addition, the effect of MEG3 on expres‑
sion of miR‑181a‑2‑3p in 16HBE cells was further explored. 
The transfection efficiency of MEG3 was assessed using 
RTq‑PCR. As a result, MEG3 expression was significantly 
increased in 16HBE cells transfected with MEG3 compared 
with vector group, suggesting MEG3 had been successfully 
transfected into 16HBE cells (Fig. 4F). Furthermore, it was 
reported that knockdown of MEG3 enhanced miR‑181a‑2‑3p 
abundance, whereas MEG3‑overexpression decreased the 
levels of miR‑181a‑2‑3p (Fig. 4G). Taken together, these data 
demonstrated that miR‑181a‑2‑3p could directly bind to MEG3 
and was negatively modulated by MEG3.

miR‑181a‑2‑3p inhibits CSE‑induced apoptosis, inflammation 
and cytotoxicity in 16HBE cells. To determine the biological 
function of miR‑181a‑2‑3p in CSE‑treated 16HBE cells, the 
overexpression plasmid of miR‑181a‑2‑3p was constructed. The 
data demonstrated that treatment with CSE led to a significant 
decrease in miR‑181a‑2‑3p level compared with the NC, while 
this effect was abated by addition of miR‑181a‑2‑3p (Fig. 5A). 
Subsequently, it was examined whether miR‑181a‑2‑3p upreg‑
ulation could play biological roles in cell viability, apoptosis, 
inflammation and cytotoxicity in CSE‑exposed 16HBE cells. 
It was reported that miR‑181a‑2‑3p upregulation reversed the 
effect of CSE on the inhibition of cell viability in 16HBE cells 
(Fig. 5B). Moreover, it was shown that miR‑181a‑2‑3p upregu‑
lation decreased CSE‑induced apoptosis (Fig. 5C). In addition, 
western blotting demonstrated that miR‑181a‑2‑3p‑overex‑
pression decreased CSE‑mediated promotion of Bax and 
cleaved caspase‑3 expression and increased Bcl‑2 expression 
(Fig. 5D). Furthermore, miR‑181a‑2‑3p‑overexpression also 
abated the promotive effects of CSE on inflammatory cytokine 
(IL‑1β, IL‑6 and TNF‑α) levels and LDH release (Fig. 5E‑H). 
Collectively, these findings demonstrated that miR‑181a‑2‑3p 
repressed CSE‑induced apoptosis, inflammation and cytotox‑
icity in16HBE cells.

miR‑181a‑2‑3p‑knockdown partly abates the inhibitory 
effect of MEG3 interference on apoptosis, inflammation and 
cytotoxicity in CSE‑treated 16HBE cells. Based on the afore‑
mentioned findings, it was speculated that MEG3‑knockdown 
inhibited CSE‑ induced apoptosis, inflammation and cytotox‑
icity via regulating miR‑181a‑2‑3p. To validate this hypothesis, 
rescue experiments were performed in CSE‑exposed 16HBE 
cells. The data showed that transfection of si‑MEG3 reversed 
the inhibitory effect of CSE on miR‑181a‑2‑3p expres‑
sion, whereas co‑transfection of anti‑miR‑181a‑2‑3p again 
weakened the promotive effect of MEG3‑knockdown on 

miR‑181a‑2‑3p level (Fig.  6A). Moreover, miR‑181a‑2‑3p 
interference inhibited the promotion of cell viability mediated 
si‑MEG3 in CSE‑treated 16HBE cells (Fig. 6B). Furthermore, 
miR‑181a‑2‑3p interference effectively abated the antiapop‑
totic effect induced by silencing MEG3 in CSE‑treated 
16HBE cells (Fig. 6C). In addition, miR‑181a‑2‑3p down‑
regulation reversed the impact of si‑MEG3 on inhibition of 
Bax and cleaved caspase‑3 protein expression, and promotion 
of Bcl‑2 protein level in CSE‑treated 16HBE cells (Fig. 6D). 
Besides, the suppressive effects of MEG3‑knockdown on 
inflammatory cytokine (IL‑1β, IL‑6 and TNF‑α) levels and 
LDH release were also abolished by miR‑181a‑2‑3p‑down‑
regulation in CSE‑exposed 16HBE cells (Fig. 6E‑H). To sum 
up, these data indicated that MEG3‑knockdown inhibited 
CSE‑mediated apoptosis, inflammation and cytotoxicity by 
upregulating miR‑181a‑2‑3p. 

Discussion

COPD is a progressive lung disease that is primarily caused 
by cigarette smoke‑induced chronic inflammation  (26). 
Increasing evidence has suggested that lncRNAs are 
commonly dysregulated in a range of diseases and serve as 
critical regulators of pathological processes, such as differ‑
entiation, immunity and inflammation  (27,28). Therefore, 
research on lncRNA may help improve the diagnosis and 
treatment of COPD.

As a relatively well‑studied lncRNA, MEG3 has been 
confirmed to widely participate in the progression of multiple 
human diseases. For instance, Lu et al (29) demonstrated that 
MEG3 represses non‑small cell lung cancer cell proliferation 
and promotes apoptosis through increased p53 expression. 
Qiu et al (30) highlighted that MEG3‑downregulation aggra‑
vated retinal vessel dysfunction in vivo through activating 
PI3K/Akt signaling pathway. Besides, several studies have 
demonstrated that the expression of MEG3 is enhanced 
in tissues of patients with COPD and might participate in 
the development of the disease  (13,31,32). Consistent with 
these results, the present study reported that MEG3 expres‑
sion was increased in serum of patients with COPD and 
CSE‑stimulated 16HBE cells. Furthermore, it was observed 
that si‑MEG3 reversed CSE‑induced apoptosis, inflammation 
and cytotoxicity. These results combined with previous studies 
demonstrated that MEG3 serves a role in the progression of 
COPD.

Several studies have suggested that lncRNAs exert 
their functions via interacting with miRNA  (33,34). For 
example, lncRNA X‑inactive specific transcript promotes 
glioma tumorigenicity and angiogenesis through serving as 
a molecular sponge of miR‑29 (35). lncRNA metallothionein 
1J, pseudogene functions as a ceRNA to regulate F‑box/WD 
repeat‑containing protein 7 in gastric cancer by competitively 
binding to miR‑92a‑3p (36). MEG3 is also involved in a variety 
of diseases by serving as a sponge for miRNA. For example, 
MEG3‑knockdown inhibits osteosarcoma cell viability, 
migration and invasion and promotes apoptosis through 
sponging miR‑127  (37). Moreover, MEG3 suppresses the 
proliferation of chronic myeloid leukemia cells by acting as a 
sponge of miRNA‑21 (38). Understanding the exact molecular 
mechanism underlying the biological effects of lncRNAs 
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may contribute to the development of lncRNA‑directed 
diagnosis and therapy for COPD. Using DIANA tools, the 
present study observed that MEG3 contained binding sites for 

miR‑181a‑2‑3p. Subsequently, the prediction was confirmed 
using luciferase reporter and RIP assays. miR‑181a‑2‑3p, a 
member of miR‑181 family, has is abnormally expressed in 

Figure 5. Overexpression of miR‑181a‑2‑3p has similar effects to knockdown of MEG3 in CSE‑exposed 16HBE cells. 16HBE cells were exposed to CSE after 
transfection with miR‑NC or miR‑181a‑2‑3p. (A) Relative miR‑181a‑2‑3p level was examined using reverse transcription‑quantitative‑PCR. (B) Cell Counting 
Kit‑8 analysis was utilized to assess cell viability. (C) Apoptosis was analyzed using flow cytometry analysis. (D) Western blotting was used to examine the 
protein expression of Bax, Bcl‑2 and cleaved caspase‑3. Levels of (E) IL‑1β, (F) IL‑6 and (G) TNF‑α were analyzed using ELISA kits. (H) Cytotoxicity was 
evaluated by LDH release assay. *P<0.05. MEG3, maternally expressed gene 3; CSE, cigarette smoke extract; NC, negative control.
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numerous diseases, such as cervical cancer (39), child acute 
lymphoblastic leukemia (40) and gastric cancer (41). Some 
studies have shown that miR‑181a serves as a novel marker for 
the inflammatory response (42,43). Besides, Kim et al (19) 
showed that miR‑181a‑2‑3p expression is decreased in lung 
tissues and serum of patients with COPD, and its knockdown 
promotes inf lammatory responses in cadmium‑treated 
bronchial epithelial cells. The present study reported that 

miR‑181a‑2‑3p abundance was decreased in the serum of 
patients with COPD and CSE‑stimulated 16HBE cells. Some 
recent studies have shown that hemolysis, which occurs 
during blood collection or sample processing, can have 
significant impact on the levels of certain miRNAs in plasma 
and serum (44‑46). However, hemolysis miRNA controls 
were not considered in the plasma analysis. In future studies, 
hemolysis miRNA controls (miR‑23a and ‑451a) should be 

Figure 6. miR‑181a‑2‑3p downregulation reverses the suppressive effects of MEG3‑knockdown on apoptosis, inflammation and cytotoxicity in CSE‑treated 
16HBE cells. 16HBE cells were transfected with si‑NC, si‑MEG3, si‑MEG3 + anti‑miR‑NC, or si‑MEG3 + anti‑miR‑181a‑2‑3p before treatment of CSE. 
(A) Relative miR‑181a‑2‑3p abundance was analyzed using RT‑qPCR. (B) Cell Counting Kit‑8 analysis was applied to assess the cell viability. (C) Flow 
cytometry analysis was performed to measure the apoptotic rate. (D) Western blotting was conducted to examine the protein levels of Bax, Bcl‑2 and cleaved 
caspase‑3. Levels of (E) IL‑1β, (F) IL‑6 and (G) TNF‑α were analyzed using ELISA kits. (H) LDH release assay was used to evaluate cytotoxicity. *P<0.05 vs. 
respective control. MEG3, maternally expressed gene 3; CSE, cigarette smoke extract; NC, negative control; si, small interfering; RT‑q, reverse transcription‑
quantitative; COPD, chronic obstructive pulmonary disease.
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included in the plasma analysis. The function experiments 
demonstrated that overexpression of miR‑181a‑2‑3p blocked 
the pro‑apoptosis, pro‑inflammation and pro‑cytotoxicity 
effects induced by CSE in 16HBE cells, suggesting 
that miR‑181a‑2‑3p might relieve these CSE‑induced 
effects in COPD. Rescue experiments were performed to 
determine whether the function of MEG3 was regulated by 
miR‑181a‑2‑3p. As expected, miR‑181a‑2‑3p interference 
reversed the inhibitory effects of MEG3‑knockdown on 
apoptosis, inflammation and cytotoxicity in CSE‑stimulated 
16HBE cells. As miRNAs exert their biological functions 
through modulating their downstream targets  (47), future 
research should continue to investigate the downstream 
targets of miR‑181a‑2‑3p to understand the underlying 
mechanism of its function in COPD.

In conclusion, the present study demonstrated that 
MEG3‑knockdown inhibited CSE‑induced apoptosis, 
inflammation and cytotoxicity in 16HBE cells by upregulating 
miR‑181a‑2‑3p. The study reported a novel molecular mecha‑
nism of COPD progression and might help us to improve 
our understanding the pathogenesis of COPD. Furthermore, 
understanding this mechanism might accelerate the 
development of lncRNA‑targeted diagnostic and therapeutic 
agents for COPD. 
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