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ABSTRACT
This investigation aimed to assess the levels of serum OIP5-AS1 and micro RNA-410-3p (miR-410- 
3p) in patients with chronic obstructive pulmonary disease (COPD) and their potential molecular 
mechanism. The levels of OIP5-AS1 and miR-410-3p as well as mRNA levels of IL-13 were 
measured. Pearson variable linear test was applied to analyze the correlations between forced 
expiratory volume in 1 second (FEV1) and OIP5-AS1. The receiver operating characteristic curve 
was used to predict the predictive possibility of OIP5-AS1. The viable cells were detected by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and flow cytometry was used 
to detect the cell apoptosis. An enzyme-linked immunosorbent assay was performed to indicate 
the inflammatory situation of 16HBE cells. Luciferase activity assay was conducted to examine the 
relationships between OIP5-AS1 and miR-410-3p together with miR-410-3p and IL-13. Augmented 
levels of OIP5-AS1, declined levels of miR-410-3p, and enhanced expression of IL-13 were 
unveiled. The expression of OIP5-AS1 and miR-410-3p was related to the ratio of FEV1 respec-
tively. OIP5-AS1 might serve as a diagnostic biomarker. Interference of OIP5-AS1 restored the 
abnormal cell viability, apoptosis, and inflammation in cigarette smoke extract (CSE)-stimulated 
16HBE cells by regulating miR-410-3p and IL-13. OIP5-AS1 appeared to be a biomarker for 
distinguishing COPD patients from smokers. OIP5-AS1/miR-410-3p/IL-13 exerted function on the 
cell viability, apoptosis, and inflammation in CSE-steered cell models.
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Introduction

As a treatable disease, chronic obstructive pulmon-
ary disease (COPD) is a preventable lung inflam-
mation [1]. The etiology of COPD is complex and 
diverse, and the disease is the result of environ-
mental (cigarette smoke, kitchen combustion pro-
ducts, and heating coal products, etc.) and genetic 
interaction [2,3]. COPD is usually accompanied by 
clinical symptoms such as progressive dyspnea [4]. 
COPD elicits a systemic immune response and 
leads to the loss of lung function [5]. However, 
there is still no great progress in the early diagno-
sis and management of COPD. Over 3 million 
cases were died due to COPD in 2017 [6]. COPD 
is one main reason that leads to mortality and 
complications [7]. Thus, COPD is a serious threat 
to human health and has become a public health 
burden to be solved urgently [8].

Recently, abnormal expression levels of 
lncRNAs in lung tissue of COPD have been 
investigated, which indicates that long non- 
coding RNA (lncRNA) may be connected to the 
occurrence and development of COPD [9]. In 
patients with COPD, the expression of lncRNA 
Micro RNA-15 (miR-15) is enhanced and it can 
regulate cell apoptosis and inflammation by inhi-
biting miR-218-5p [10]. Besides, Hu et al. provide 
that MALAT1 is highly expressed in the lung 
tissue specimens of COPD patients and it may 
serve as a biomarker for diagnosing and treating 
COPD patients [11]. Many investigations on the 
roles of OIP5-AS1 have been performed these 
years. In a publication of 2020, OIP5-AS1 sup-
presses miR-29a, which attenuates cell apoptosis 
during myocardial ischemia/reperfusion [12]. In 
lung adenocarcinoma, the expression of OIP5- 
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AS1 is at a high level in lung tissues and it may be 
an oncogene by promoting cell proliferation by 
regulating miR-448/Bcl-2 [13]. More importantly, 
in bronchial asthma, the levels of OIP5-AS1 are 
elevated in the BEAS-2B cells managed with Der 
p1 [14]. These elucidate that OIP5-AS1 may be 
linked to the regulation of airway diseases.

Therefore, this study aimed to identify the expres-
sion of OIP5-AS1 in COPD patients and provided its 
diagnostic possibility. Furthermore, the functions of 
OIP5-AS1 on viable cells, apoptotic cells, and inflam-
matory situations were evaluated in the bronchial 
epithelial cell 16HBE treated with cigarette smoke 
extract (CSE). The potential target gene and pathway 
of OIP5-AS1 in regulating COPD were also revealed.

Materials and methods

Patients and sample collection

All participants were informed of our study plan and 
signed the written informed consent forms. This 
observation was approved by the Ethics Committee 
of The Third Affiliated Hospital of Qiqihar Medical 
University (Ethical number: 2,018,103) and all pro-
cedures conformed to the relevant rules and guide-
lines. Collection of study samples and clinical 
information were performed strictly in accordance 
with the regulations. A total of 62 COPD patients, 59 
smokers, and 55 normal controls were contained in 
this investigation. The reference standard of COPD 
patients was the global initiative on COPD, namely, 
the ratio of forced expiratory volume in 1 second 
(FEV1) to forced vital capacity (FVC) in the 
first second of pulmonary function after inhalation 
of bronchodilator was less than 0.7 and in combina-
tion with clinical symptoms and signs [15]. 
Irreversible obstructive pulmonary ventilation dys-
function caused by other factors was excluded. The 
volunteers in the normal control group were 
recruited from The Third Affiliated Hospital of 
Qiqihar Medical University in the same period and 
matched with the basic information of patients with 
COPD. The exclusion criteria were the diagnosis of 
asthma, connective tissue disease, other types of 
obstructive pulmonary disease, malignant tumor, 
etc. About 10 mL venous blood was collected from 
all enrolled subjects and relevant clinical data were 
collected.

CSE preparation

CSE was prepared according to the previously 
reported method [16]. In short, a cigarette burns 
with a modified apparatus with a driving device. 
The smoke was dissolved into PBS solution and 
filtered with a 0.2 μm filter. The CSE stock solu-
tion (PH = 7.0) was a solution with an optical 
density of 0.43 ± 0.02 at 320 nm. 100% CSE 
samples were serially dissolved with PBS to work-
ing concentrations of 0.5, 1, 2, and 4%.

Cell model establishment and transfection

Human bronchial epithelial cell 16HBE was com-
monly used in the studies of COPD [17,18]. 16HBE 
cells were purchased from Procell (Wuhan, China) 
and fostered in the RPMI-1640 culture with 10% 
FBS and 1% P/S. The small interference OIP5-AS1 (si- 
OIP5-AS1) and siRNA negative control (si-NC), 
together with miR-410-3p inhibitor sequences, miR- 
410-3p mimic sequences, and their negative control 
(miR-NC) were all obtained from GenePharma 
(Shanghai, China). The sequences were as follows: si- 
OIP5-AS1, 5ʹ-GGCTTTGTGTTCCTTATCACAGG 
-3ʹ; si-NC, 5ʹ-TTCTCCGAACGTGTCACGTTT-3ʹ; 
miR-410-3p mimic, 5ʹ-AAUAUAACACAGAUGGC 
CUGU-3ʹ; miR-410-3p inhibitor, 5ʹ-ACAGGCCAUC 
UGUGUUAUAUU-3ʹ and miR-NC 5ʹ-CAGUACUU 
UUGUGUAGUACAA-3ʹ.

The transfection experiments were used 
Lipofectamine 3000 and carried out based on the 
recommended protocols [19]. The cells with 70– 
90% confluent were seeded into a 6-well plate. The 
target sequences were diluted with opti-MEM 
medium separately. Then, the two solutions pre-
pared before were mixed and added to cells. After 
48 h, all transfected cells were harvested for qRT- 
PCR and other assays.

Quantitative real-time PCR (qRT-PCR)

The total RNA samples in blood samples were gath-
ered by TRIzol reagent [20]. For OIP5-AS1, cDNA 
was reversed with the help of the 1st strand cDNA 
synthesis kit (Biomarker, Beijing, China). For miR- 
410-3p, the cDNA was obtained by using miRNA 
cDNA synthesis kit (Vazyme, Nanjing, China). The 
2X SYBR Green Fast qPCR mix (Biomarker, Beijing, 
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China) was applied to examine the expression levels of 
OIP5-AS1. MiRNA fluorescent quantitative PCR 
detection kit (Baiaobolai, Beijing, China) was used 
for miR-410-3p detection. Along with this, as refer-
ence genes, the expression of U6 and GAPDH was also 
assessed. The primers of OIP5-AS1, GAPDH, miR- 
410-3p, and U6 were designed and synthsized by BGI 
(Shenzhen, China). The primer sequences were as 
follows: OIP5-AS1 forward, 5ʹ-TGCGAAGATGG 
CGCAGTAAG-3ʹ and reverse, 5ʹ-TAGTTCCTCTCG 
TCTGGCCG-3ʹ; GAPDH forward, 5ʹ-AGGTGA 
AGGTCGGAGTCAACG-3ʹ and reverse: 5ʹ-AGGGG 
TCATTGATGGCAACA-3ʹ; miR-410-3p forward, 5ʹ- 
GTCAGCGCAATATAACACAG-3ʹ and reverse, 5ʹ- 
GAGAACAGCTCTGTGTTATAT-3ʹ; U6 forward, 
5ʹ-CTCGCTTCGGCAGCACA-3ʹ; and reverse, 5ʹ-AA 
CGCTTCACGAATTTGCGT-3ʹ; and IL-13 forward, 
5ʹ-ACCCAGAGGATATTGCATGG-3ʹ, and reverse 
5ʹ-TGGGCTACTTCGATTTTGGT-3ʹ. Each reaction 
was carried out three times to eliminate the error.

3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide (MTT) assay

All the procedures were in line with the specifica-
tion of MTT reagent (Beyotime, Shanghai, China) 
[21]. The transfected cells were collected and a cell 
suspension with an appropriate concentration was 
prepared. The cell suspension was inoculated into 
a 96-well plate at a cell concentration of 2 × 103 

per well. After the culture was continued for 48 h, 
10 µl MTT was added to each well and the wells 
were incubated for a further 2 h. The A490 values 
in each well were detected by the microplate 
reader.

Detection of apoptotic cell rate

When the cells in the 6-well plate grew to 70%, the 
cells were digested with trypsin. Then cells were 
collected and mixed with Annexin V-FITC and 
propidium iodide solution evenly. After incuba-
tion in the dark for 10 min at room temperature, 
flow cytometry was used for detection. All these 
procedures were performed based on the protocols 
of the TACS Annexin V-FITC Apoptosis Kit 
(R&D Systems, Gaithersburg, USA) [22].

Enzyme-linked immunosorbent assay (ELISA)

The inflammatory situation of 16HBE cells was 
identified by the secretion of TNF-α, IL-6, and 
IL-1β. The concentration of inflammatory factors 
in cell supernatants was measured by the ELISA 
kits (CUSABIO, Wuhan, China) [23].

Luciferase activity assay

The regions of OIP5-AS1 and IL-13 containing 
targeting sites were amplified by PCR, namely 
the wide type (WT) of OIP5-AS1 and IL-13. The 
mutation (MUT) of OIP5-AS1 and IL-13 were 
synthesized by GenePharma (Shanghai, China). 
These obtained sequences were cloned into 
psiCHECK2 vectors respectively. Then, miR-NC, 
miR-410-3p mimics, and miR-410-3p inhibitors 
were transfected into cells with four different car-
riers respectively. After 48 h of transfection, we 
followed the instructions of the double luciferase 
reporter gene detection kit to detect luciferase 
activity (YEASEN, Shanghai, China) [24]. The 
Synergy H4 multifunctional microplate reader 
was used to read the fluorescence value and calcu-
late the relative fluorescence activity.

Western blot

The total protein was isolated from 16HBE cells 
using pre-cooled RIPA lysis buffer (Solarbio, 
Beijing, China) and the concentration was detected 
by BCA reagent (Yise, Shanghai, China). The 
experiments of Western blot were conducted fol-
lowing a previous study [25]. The protein (20 μg) 
was separated by 10% SDS-PAGE after being 
degenerated and were then electro-transferred to 
0.22 µm PVDF membranes (Millipore, Billerica, 
MA). The membranes were blocked with 5% BSA 
solution for 2 h at room temperature and then 
incubated with primary antibody (ab106732; 
Abcam) at 4°C overnight. Membranes were 
washed with TBST and horseradish peroxidase 
labeled secondary antibody was added to the 
membranes for one hour. The ECL luminescent 
solution (Glpbio, Montclair, USA) was used to 
visualized protein bands. Grayscale values were 
analyzed with ImageJ and GAPDH was used as 
loading control.
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Statistical analysis

The results were drawn by SPSS and GraphPad, in 
which all measurement data were demonstrated as 
x ± s. Student t-test, one-way analysis of variance, 
and chi-square test were used to analyze the mean 
value of groups. Pearson variable linear test was 
used for correlations. The receiver operating char-
acteristic (ROC) curve was used to predict the 
clinical significance of OIP5-AS1. P < 0.05 indi-
cated that the comparison was significant.

Results

This investigation was aimed to study the clinical 
significance and possible mechanism of OIP5-AS1 
in COPD. A hypothesis was conducted that OIP5- 
AS1 might regulate severity of COPD via control-
ling specific downstream target. To verify this 
hypothesis, we confirmed the expression of OIP5- 
AS1 in COPD patients and analyzed the associa-
tion between OIP5-AS1 and COPD. Besides, 
in vitro assays were performed to reveal the poten-
tial mechanism of OIP5-AS1 in COPD.

Clinical features of the study population

Demographic data of patients are obtained from 
medical records. The mean age of 62 COPD cases 
was 59.34 ± 8.49 years old. There were 55 non-
smokers in our study with a mean age of 
57.84 ± 8.40 years old and 59 smokers with 
a mean age of 59.83 ± 8.45 years old. No signifi-
cant differences in age, gender, and body-mass 
index (BMI) were found among the nonsmoker 
group, smoke group, and COPD group (Table 1, 
P > 0.05). Besides, the smoking history, occupa-
tional dust exposure, FEV1, and FEV1/FVC were 
also recorded in this study. The mean smoking 
history and number of occupational dust exposure 

among the nonsmoker group, smoke group, and 
COPD group showed no difference (Table 1, 
P > 0.05). In addition, a significant reduction in 
FEV1 and FEV1/FVC was found in the COPD 
group (Table 1, P < 0.001).

Expression and diagnostic accuracy of OIP5-AS1 
for COPD patients

The levels of OIP5-AS1 in different groups were 
confirmed by the qRT-PCR system. The finding 
showed that the expression of OIP5-AS1 was ele-
vated in smokers when relative to nonsmokers 
(Figure 1a, p < 0.001). In addition, OIP5-AS1 
was at a high level in smokers with COPD 
(Figure 1a, p < 0.001). Besides, the association 
between the expression of OIP5-AS1 and FEV1 
in all smokers was corroborated by Pearson ana-
lysis. As shown in Figure 1b, there was a negative 
connection from OIP5-AS1 to FEV1 (R = −0.707, 
P < 0.001). Furthermore, the prognostic value of 
OIP5-AS1 on differentiating COPD patients with 
smoking history from smokers was unveiled by the 
area under the curve (AUC). The AUC of 0.903 
indicated that OIP5-AS1 might be an indicator of 
distinguishing COPD patients (Figure 1(c)). The 
sensitivity was 0.871 and the specificity was 0.814 
when the cutoff value was 0.685 (Figure 1(c)).

The impacts of OIP5-AS1 on CSE-treatment cells

The cell model of COPD was established by the 
treatment on 16HBE using CSE. As exhibited in 
(Figure 2(a)), the relative levels of OIP5-AS1 in 
16HBE cells were raised accompanied by the increas-
ing concentration of CSE (P < 0.01). Besides, along 
with the increased treating time, the levels of OIP5- 
AS1 were enhanced in 16HBE cells (Figure 2(b), 
p < 0.01). Combining the findings of concentration 

Table 1. Characters of subjects in the current study.

Characteristics
Nonsmoker 

(n = 55)
Smoker 
(n = 59)

COPD 
(n = 62) P value

Age (years) 57.84 ± 8.40 59.83 ± 8.45 59.34 ± 8.49 0.427
Gender (male/female) 37/18 43/16 51/11 0.169
BMI (kg/m2) 22.68 ± 2.99 22.24 ± 2.32 22.25 ± 2.33 0.647
Smoking (pack-years) - 40.68 ± 7.86 42.16 ± 9.28 0.196
Occupational dust exposure (No/Yes) 49/6 50/9 55/7 0.734
FEV1 (%) 94.70 ± 6.22 92.71 ± 6.68 57.23 ± 13.49 <0.001
FEV1/FVC (%) 82.97 ± 4.90 83.92 ± 4.36 55.66 ± 8.04 <0.001
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and time, the cell models were constructed by treat-
ing 16HBE cells with 2% CSE for 24 hours.

Additionally, the levels of OIP5-AS1 were regu-
lated by the transfection of si-OIP5-AS1. The rela-
tive levels of OIP5-AS1 were higher in the CSE 
group than in the control cells, while si- OIP5-AS1 
reversed this trend (Figure 2(c), p < 0.001). The 
outcome of cell viability provided that CSE treat-
ment inhibited the cell viability, whereas, the 
decreased OIP5-AS1 levels suppressed the 
restricted cell viability (Figure 2(d), p < 0.001). 
The apoptotic rate of cells in the CSE group was 
prominently elevated, while downregulation of 
OIP5-AS1 alleviated the aberrant cell apoptosis 
(Figure 2(e), p < 0.001). The management of CSE 
contributed to the increased levels of inflammatory 
factors and the anomalous inflammatory situation 
was moderated by the reduced OIP5-AS1 expres-
sion (figure 2(f), p < 0.001).

OIP5-AS1 was a sponge of miR-410-3p

The putative target sites between miR-410-3p 
and OIP5-AS1 were exhibited in (Figure 3(a)), 
which elucidated the possible relationship 
between OIP5-AS1 and miR-410-3p. A further 
demonstration was provided by the luciferase 
results, which discovered that the miR-410-3p 
mimics inhibited the luciferase activity and 
interference of miR-410-3p promoted the luci-
ferase activity in the OIP5-AS1-WT group 
(Figure 3(b), p < 0.001). Moreover, the relative 
miR-410-3p expression in the CSE-steered cells 
was meliorated relative to those in the control 

group, while the lowly expressed OIP5-AS1 miti-
gated the reduction of miR-410-3p expression 
(Figure 3(c), p < 0.001).

Lessened miR-410-3p expression in COPD 
patients

In participants, a diminished level of miR-410-3p 
was observed in the smokers relative to the nonsmo-
kers (Figure 3(d), p < 0.001). Besides, the expression 
of miR-410-3p was declined in smokers with COPD 
relative to the smokers (Figure 3(d), p < 0.001). The 
Pearson correlation validated the close association 
between miR-410-3p and OIP5-AS1 in smokers with 
COPD (Figure 3(e), r = −0.732, P < 0.001). More 
importantly, in all smokers, the relative miR-410-3p 
expression was positively linked to the levels of FEV1 
(Figure 3(f), r = 0.695, P < 0.001).

Influence of miR-410-3p on CSE-triggered cells

The effects of miR-410-3p in the 16HBE cells under 
the CSE situation were evaluated in this report. The 
miR-410-3p expression was conspicuously increased 
in the miR-410-3p mimic group and decreased in the 
cells transfected with miR-410-3p inhibitor (Figure 4 
(a), p < 0.001). The ascended miR-410-3p expression 
reversed the influence of CSE on cell viability and 
apoptosis (Figure 4(b-C), P < 0.001), suggesting the 
beneficial roles of miR-410-3p on the CSE-injured 
cells. Furthermore, the inflammatory response in the 
CSE-engendered cells was meliorated by the abun-
dance of miR-410-3p (Figure 4(d), p < 0.001).

Figure 1. (a) The increased levels of OIP5-AS1 in smokers and smokers with COPD. (b) The relationship between OIP5-AS1 and FEV1. 
(c) The diagnostic roles of OIP5-AS1. ***P < 0.001.
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MiR-410-3p mediated the effects of OIP5-AS1

The sequences of si-OIP5-AS1 and miR-410-3p inhi-
bitor were co-transfected in 16HBE cells to regulate 
the expression of miR-410-3p. As shown in (Figure 5 
(a)), miR-410-3p expression was reduced in the CSE 
+ si-OIP5-AS1 + miR-410-3p inhibitor group when 
compared to the CSE + si-OIP5-AS1 inhibitor group 
(P < 0.01). The assay on cell viability clarified that in 
the cells co-transfected with si-OIP5-AS1 and miR- 
410-3p inhibitor, the cell viability was repressed 

relative to the CSE + si-OIP5-AS1 inhibitor group 
(Figure 5(b), p < 0.01). Besides, the reduced miR- 
410-3p levels changed the impacts of si-OIP5-AS1 
on apoptotic rate and inflammation (Figure 5(c-d), 
P < 0.01).

IL-13 served as a target gene of miR-410-3p

The complementary bases between miR-410-3p 
and IL-3 were shown in (Figure 6(a)). This target 

Figure 2. (a-b) The levels of OIP5-AS1 in cells treated with different concentrations of CSE at different times. (c) The expression of 
OIP5-AS1 in 16HBE cells. (d-f) The impacts of OIP5-AS1 on CSE- triggered cells. **P < 0.01, ***P < 0.001.
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association between miR-410-3p and IL-3 was 
examined by the results of the luciferase report. 
In (Figure 6(b)), the increased expression of miR- 
410-3p repressed the luciferase activity and inter-
ference of miR-410-3p improved the luciferase 
activity (P < 0.001). The mRNA expression of IL- 
13 was increased in the CSE-stimulated cells and 
reversed by the enhanced miR-410-3p expression 
(Figure 6(c), p < 0.01). Furthermore, the relative 
protein expression of OIP5-AS1 was raised in the 

CSE models and repressed in the CSE+miR-410- 
3p mimic group (Figure 6(d), p < 0.01).

In clinical experiments, IL-13 was at high 
levels both in smokers and smokers with 
COPD (Figure 7(a), p < 0.001). In all smokers 
with COPD, close correlations were both found 
between IL-13 and miR-410-3p (Figure 7 
(b), r = −0.820, P < 0.001) together with IL-13 
and OIP5-AS1 (Figure 7(c), r = 0.618, 
P < 0.001).

Figure 3. (a) The complementary sites between miR-410-3p and OIP5-AS1. (b) The results of the luciferase assay. (c) The alteration of 
miR-410-3p in 16HBE cells. (d) The declined levels of OIP5-AS1 in smokers and smokers with COPD. (e) The connection between miR- 
410-3p and OIP5-AS1. (e) The correlation between miR-410-3p and FEV1. **P < 0.01, ***P < 0.001.
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Discussion

The more common complication in COPD is pul-
monary hypertension, which will exert a serious 
influence on the prognosis and life quality of 
patients, and increase the risk of hospitalization 
and prolong the duration of hospitalization 
[26,27]. Clinically, it is considered that the cause 
of pulmonary hypertension in patients with COPD 
is not only related to hypoxia, but also other 
causes. In recent years, the important role of 
chronic pulmonary inflammatory situations in 
the occurrence of pulmonary hypertension has 
been studied [28]. When COPD occurs in patients 
with complications, it will lead to heart failure, cor 
pulmonale, and so on [29]. Thus, such conditions 
necessitate the investigation of the realms of mole-
cular mechanisms in COPD.

Involvements of lncRNAs and the physiological 
and pathological diseases of the lung were 
reported, such as asthma, COPD, and pulmonary 
fibrosis [30]. The expression of MALAT1 is 
enhanced in patients with asthma and it partici-
pates in the regulation of inflammation by spong-
ing miR-155 [31]. The underexpression of 
HOXA- AS2 is found in patients with COPD and 
it exerts an essential impact on cell proliferation by 
interfering with Notch1 expression [32]. Hundreds 
of studies have confirmed the anomalous expres-
sion of lncRNA in lung tissue of COPD, and some 
lncRNA showed obvious and specific expression, 
which will help to find early biomarkers and drug 
treatment targets related to COPD. In an investi-
gation about chronic respiratory diseases, the 
expression of OIP5-AS1 is elevated in COPD 

Figure 4. (a) The artificial regulation of miR-410-3p expression. (b-c) The impacts of miR-410-3p on CSE- stimulated cells. 
***P < 0.001.
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patients compared with patients with asthma [33]. 
The current study indicated that the levels of 
OIP5-AS1 were elevated in smokers and smokers 
with COPD, which provided that OIP5-AS1 may 
be used as an early biomarker of COPD occur-
rence and development. Besides, we found in all 
smokers, the expression of OIP5-AS1 was relative 
to the FEV1, suggesting the close association 
between OIP5-AS1 and COPD. More importantly, 
the diagnostic value of OIP5-AS1 was indicated by 
the ROC curve and the finding showed that OIP5- 
AS1 could discriminate smokers with COPD 
patients from smokers.

To provide theoretical guidance for the early 
diagnosis of COPD, the mechanism of the effect 
of OIP5-AS1 on the development of COPD was 
discussed. The expression of OIP5-AS1 is raised in 
the CSE-treated human bronchial epithelial cells 
which is consistent with the levels of patients with 
COPD. Furthermore, the knockdown of OIP5- 
AS1 in the CSE-engendered 16HBE cells reversed 
the influence of CSE on cell viability and apopto-
sis, indicating the beneficial roles of silenced 
OIP5-AS1. Besides, the inflammation in 16HBE 
cells was activated by the CSE and attenuated by 
the intervention of OIP5-AS1. All these findings 

Figure 5. (a) miR-410-3p The mediated effects of miR-410-3p on A miR-410-3p expression, (b) cell viability, (c) apoptotic rate, and (d) 
inflammation. **P < 0.01, ***P < 0.001.
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manifested the reduced OIP5-AS1 expression 
could abrogate the impacts of CSE partially. 
More and more studies have shown that OIP5- 
AS1 has great potential value in lung diseases. In 
a cell model of bronchial asthma, the elimination 

of OIP5-AS1 expression inhibits the inflammatory 
situation and apoptosis [14]. In lung cancer, the 
overexpression of OIP5-AS1 is found in the tissues 
of patients and it can improve cell prolifera-
tion [34].

Figure 6. (a) The complementary bases between miR-410-3p and IL-13. (b) The exhibition of the luciferase report analysis. (c) The 
alternation of IL-13 mRNA expression in 16HBE cells. (d) The protein expression of IL-13 in 16HBE cells. **P < 0.01, ***P < 0.001.

Figure 7. (a) The declined mRNA levels of IL-13 in smokers and smokers with COPD. (b) The target relation between miR-410-3p and 
IL-13. (c) The association between IL-13 and OIP5-AS1. ***P < 0.001.
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In addition, lncRNA can inhibit the expression of 
miRNA to regulate gene expression and regulate 
physiological and pathological processes. In our 
investigation, miR-410-3p is confirmed to be 
a target of OIP5-AS1. Besides, the expression level 
of miRNAs could be regulated by silencing or over-
expressing lncRNA, suggesting that miRNA might 
play a significant role in the progression of COPD. 
The relative levels of miR-410-3p in CSE-steered 
cells were reduced, while the absence of OIP5-AS1 
reversed the restricted miR-410-3p expression, vali-
dating the target relationship between OIP5-AS1 
and miR-410-3p. A previous outcome elucidates 
that miR-410-3p participates in the EMT and 
radio resistance by activating PTEN/PI3K/mTOR 
pathway in non-small cell lung cancer [35]. In an 
ovalbumin-managed murine model of asthma, the 
expression of miR-410-3p was diminished and it 
might be a target of treating allergic asthma [36]. 
In the current report, the relative expression of 
miR-410-3p was lessened in smokers and smokers 
with COPD. Moreover, the relative levels of miR- 
410-3p were associated with the expression of OIP5- 
AS1 in smokers. The expression of miR-410-3p was 
relative to the FEV1, indicating the miR-410-3p 
expression might be influenced by COPD. In vitro, 
many kinds of research about the function of miR- 
410-3p on cell viability, growth, and apoptosis have 
been performed. In rheumatoid arthritis, the over-
expression of miR-410-3p restricted proliferation, 
promoted apoptosis by inhibiting YY1 [37]. 
Besides, an abundance of miR-410-3p levels pro-
tects the neuronal cell against 6-OHDA on viability, 
apoptosis, and reactive oxygen species secretion 
[38]. In this investigation, the enhancement of 
miR-410-3p partially reversed the effects of CSE 
on cell viability, death, and inflammatory progres-
sion. What’s more, miR-410-3p also mediated the 
function of OIP5-AS1 on viable cells, apoptotic 
cells, and inflammatory situations, which provided 
further confirmation of the connection between 
miR-410-3p and OIP5-AS1.

In the current publication, IL-13 might be 
a downstream gene of miR-410-3p by the elucidation 
of luciferase report, which provided that the enforced 
miR-410-3p levels mitigated the luciferase activity 
and the reduced miR-410-3p improved the luciferase 
activity. Besides, the CSE might contribute to the 
high expression of IL-13, while the enhanced miR- 

410-3p attenuated the variation of IL-13 expression. 
The expression and mechanism of IL-13 have been 
examined by other experts. In an article of 2019, the 
concentration of IL-13 is raised in COPD and other 
lung disorders [39]. The expression of IL-13 in 
CD8 + T cells of COPD patients is obviously elevated 
compared to the smokers without lung dysfunction 
[40]. In asthma, intranasal miR-140-3p inhibits the 
inflammatory responses by suppressing the levels of 
eosinophils and IL-13 [36]. We also identified IL-13 
as at a high level in smokers with COPD and smo-
kers. Besides, the mRNA expression of IL-13 was 
relative to the expression of miR-410-3p and OIP5- 
AS1 in smokers with COPD.

Conclusion

In summary, the expression of OIP5-AS1 was 
enhanced in smokers and smokers with COPD, 
and the ascended levels of OIP5-AS1 were asso-
ciated with the low levels of FEV1. OIP5-AS1 
showed promising predictive significance in differ-
entiating smokers with COPD from smokers. 
MiR-410-3p was at low levels and IL-13 was at 
high levels in smokers and smokers with COPD. 
Knockdown of OIP5-AS1 promoting the recovery 
of cells from CSE damage by motivating cell via-
bility, moderating cell apoptosis, and meliorating 
inflammatory situation via miR-410-3p and IL-13.
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