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Abstract

Aims: Chronic obstructive pulmonary disease (COPD] is a systemic disease. Several long non-
coding RNAs (IncRNAs] have been identified to be aberrantly expressed in COPD patients. This
study investigated the role of IncRNA cancer susceptibility candidate 2 (CASC2) in COPD, as

well as its potential mechanism.

Methods: Fifty smokers with COPD and another 50 smokers without COPD were recruited.
Receiver operating characteristic curve was constructed to assess the diagnostic value of
CASC2 in COPD patients. 16HBE cells were treated with cigarette smoke extract (CSE) to
establish a cell model. qRT-PCR was used for the measurement of mMRNA levels. The cell
viability and apoptosis were detected by using Cell Counting Kit-8 and flow cytometry assay.
Enzyme-linked immunosorbent assay was performed to detect the levels of proinflammatory
cytokines. Luciferase reporter assay was performed for the target gene analysis.

Results: Serum CASC2 was dramatically decreased in COPD patients compared with smokers
without COPD, and was positively associated with FEV1 (forced expiratory volume in one
second). Serum CASC2 was overexpressed in severe COPD patients, and had the diagnostic
accuracy to distinguish COPD patients from smokers. CASC2 overexpression alleviated CSE-
induced apoptosis and inflammation in 16HBE cells. CASC2 functions as a ceRNA of miR-
18a-5p. Upregulation of miR-18a-5p reversed the influence of CASC2 on cell apoptosis and
inflammation in 16HBE cells. IGF1 was the target gene of miR-18a-5p.

Conclusion: CASC2 was downregulated in COPD patients and it might be a promising
biomarker for the disease diagnosis. Overexpression of CASC2 might inhibit the bronchial
epithelial cell apoptosis and inflammation via targeting miR-18a-5p/IGF1 axis.

The reviews of this paper are available via the supplemental material section.
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Introduction

Chronic obstructive pulmonary disease (COPD),
a systemic disease, is closely associated with sys-
temic inflammation and skeletal muscle dysfunc-
tion.! According to the latest Chinese COPD
epidemiological survey, the prevalence of COPD
among Chinese over 40years of age increased
from 8.2% in 2008 to 13.7% in 2015.2 COPD

contributes to significant morbidity and mortality
worldwide, leading to enormous consequences
for societies and economies.? Both environmental
and genetic factors have been reported to play an
important role in the development of COPD.*
Cigarette smoking is considered to be the most
important risk factor for COPD.5 It is also sug-
gested that genetic and epigenetic changes could
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contribute to COPD immune response and dis-
ease progression.® Unfortunately, there is no
effective treatment or cure for COPD, thus it is of
great significance to explore the etiology and
potential pathogenesis of COPD, and new effec-
tive therapeutic approaches are warranted.

Long non-coding RNA (IncRNA) is a group of
RNA molecules discovered in recent years, with a
length greater than 200 nucleotides. IncRNA
does not encode proteins, but participates in the
regulation of gene expression in the form of RNA
at various levels, such as epigenetic regulation,
transcriptional regulation, and post-transcrip-
tional regulation, and so on. The aberrant expres-
sion of IncRNA has been identified to be involved
in respiratory diseases, such as lung cancer, acute
respiratory distress syndrome, pulmonary hyper-
tension, pulmonary tuberculosis, and silicosis.”
Analyzing the relationship of IncRNA with the
occurrence and development of COPD may pro-
vide new biomarkers and drug targets for the
diagnosis and treatment of COPD. IncRNA can-
cer susceptibility candidate 2 (CASC2) is one of
the recently discovered IncRNAs. It has been
widely reported to be aberrantly expressed in a
variety of cancers.® Low expression of CASC2 is
identified in diabetic nephropathy rat model.
Upregulation of CASC2 can inhibit the release of
inflammatory factors and further relieve the dis-
ease process.® Another study has also reported the
low expression level of CASC2 during the devel-
opment of acute lung injury (ALI). Upregulation
of CASC2 can alleviate the lipopolysaccharide
(LPS)-induced inflammatory response in the ALI
cell model.!° The findings prompted us to fully
explore the role of CASC2 in COPD.

MicroRNAs (miRNAs) are a class of small non-
coding RNA molecules that participate in the
regulation of various cellular processes, such as
cell differentiation, proliferation, apoptosis, and
autophagy.!! With the discovery of the regulatory
mechanism of endogenous competitive RNA
(ceRNA), miRNA is no longer regarded as an
independent element in diseases, and the role of
ceRNA regulatory network in various human dis-
eases gradually attracts more and more attention.
Many IncRNAs have been reported to have regu-
latory elements of miRNAs, and can regulate the
miRNA expression via sponging miRNA.12 A
recent study has reported the direct binding rela-
tionship between CASC2 and miR-18a-5p.
CASC2 functions as a sponge of miR-18a-5p in

cholangiocarcinoma.!? The dysregulation of miR-
18a-5p has been reported to participate in respir-
atory diseases. In a study about influenza A,
miR-18a-5p is suggested to be involved in the
regulation of the pulmonary innate immune
response.!* Another study also reported the
upregulation of miR-18a-5p during the lung
damage process caused by nanosized SiO,.1>
However, the role and underlying mechanism of
miR-18a-5p in COPD remain unknown.

Therefore, the present study aimed to investigate
the expression level of IncRNA CASC2 in COPD,
and further explore its potential mechanism in
bronchial epithelial cell apoptosis and inflamma-
tion with the involvement of miR-18a-5p/IGF1.
We aimed to provide a reliable experimental basis
for further exploring the mechanism of COPD.

Materials and methods

Study subjects

The study was designed with the approval of the
ethics committee of Shanghai Pudong New Area
Gongli Hospital, and written informed consent
was obtained from each participant.

A total of 100 smokers were recruited, in which
50 patients diagnosed with COPD were recruited
in the study according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) cri-
terial® and another 50 cases had no COPD. All
cases had a smoking history of at least 20 pack-
years. The GOLD spirometry criterion for the
diagnosis of COPD was a post-bronchodilator
forced expiratory volume in 1 s/forced vital capac-
ity (FEV1/FVC) <0.7. Based on the FEV1 impair-
ment, the severity of COPD was defined as follows:
GOLD stage I (mild), FEV1=80% predicted;
GOLD stage II (moderate), 50% <FEV1 <80%
predicted; GOLD stage III (severe) 30% <FEV1
<50% predicted; GOLD stage IV (very severe),
FEV1<30% predicted. Among 50 COPD
patients, three cases were in COPD stage I, 27
were in COPD stage II, 20 were in COPD stage
III. Additionally, another 40 healthy individuals
who had no history of smoking were also included.
All subjects had no other concomitant diseases,
including significant cardiac dysfunction, active
infection (hepatitis, tuberculosis, etc.), and neu-
rological or psychiatric disorders. Five-milliliter
blood samples were collected from each individ-
ual. After blood centrifugation, the serum
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samples were collected and stored at —80°C until
analysis.

Cigarette smoke extract preparation

As previously described, cigarette smoke extrac-
tion was performed.!” The smoke from 10
research-grade cigarettes (trade name: Da
Qianmen, Shanghai, People’s Republic of China)
was passed through 25ml media, and the ciga-
rette smoke extract (CSE) stock solutions were
obtained. Then the pH of the solutions was
adjusted to 7.0, and an optical density of
0.43 = 0.02 at 320nm was defined as 100% CSE.
The CSE containing medium at different concen-
trations (0%, 0.5%, 1%, 2%, and 4%) was gained
by diluting with PBS.

Cell culture and transfection

The human bronchial epithelial cell line 16 HBE
was purchased from the Chinese Academy of Cell
Resource Center (Shanghai, China) and cultured
in RPMI 1640 medium containing 10% FBS and
incubated at a constant temperature incubator at
37°C and 5% CO,.

To regulate the expression level of CASC2 or
miR-18a-5p i wvitro, plasmid cloning DNA
(pcDNA), pcDNA-CASC2 or miR-18a-5p mimic
(5'-UAAGGUGCAUCUAGGCAGAUAG
-3"), miR-18a-5p inhibitor (5'-CUAUCUGCAC
UAGAUGCACCUUA-3"), or the negative con-
trol (miR-NC; 5'-CAGUACUUUUGUGUAGU
ACAA-3") were transfected into 16HBE cells at
the logarithmic growth stage of cells. The
sequences were purchased from GenePharma
(Shanghai, China). The transfection reagent was
lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) and the transfection was performed accord-
ing to the manufacturer’s instructions.

QRT-PCR

Total RNA was isolated and extracted from differ-
ent groups of cells, cell culture medium, and clini-
cal serum samples by adding TRIzol, chloroform,
isopropanol, and 75% ethanol. Single-stranded
cDNA was synthesized from 1ug RNA using a
reverse reaction kit (Promega, Madison, WI,
USA). Then real-time quantitative reverse transcrip-
tion polymerase chain reaction (QRT-PCR) was per-
formed on a 7500 real-time PCR system (Applied
Biosystems, Mannheim, Germany) using an SYBR

green I Mater Mix kit (Invitrogen, Carlsbad, CA,
USA). U6 and glyceraldehyde phosphate dehydro-
genase (GAPDH) were used as the internal refer-
ence for CASC2 and miR-18a-5p. Relative
expression of genes in 16HBE cells and that release
in the culture medium, as well as in the serum
samples, was calculated by using 2 AASt method.

Cell Counting Kit-8 [CCK-8) assay

CCK-8 was applied for cell proliferation analysis.
16HBE cells in the logarithmic growth phase were
inoculated in 2X 103 into each well of the 96-well
plate. After incubation for 48h, 10ul CCK-8
(Beyotime, Shanghai, China) reagent was added.
After incubation for 2h, optical density was measured
at 490nm using an iMark Microplate Absorbance
Reader (Bio-Rad Laboratories, Hercules, CA, USA).

Flow cytometry assay

Cell apoptosis was assessed using a FITC
Annexin V Apoptosis Detection Kit (BD
Biosciences, Franklin Lakes, NJ, USA). In
accord with the apoptosis kit manufacturer’s
instructions, the treated cells were collected and
centrifuged. The cells were washed with cold
PBS, and then stained at room temperature with
annexin V and propidium iodide for 10 min in a
dark environment. A FACS Calibur flow cytom-
eter (BD, Biosciences) was used to detect the
final cell apoptosis rate.

Enzyme-linked immunosorbent assay (ELISA)

The inflammatory responses in the cell model
were analyzed by measuring the levels of proin-
flammatory cytokines in cell culture supernatants.
The ELISA kits (Boster Biotechnology Company,
Wuhan, China) were used to detect the levels of
interleukin (IL)-1p, IL-6, IL-8, and tumor necro-
sis factor (TNF)-a in accordance with the manu-
facturer’s protocols.

Luciferase reporter assay

A double-luciferase reporter assay kit was pur-
chased from Transgen Biotech (Beijing, China)
and used for the target gene verification. In brief,
24h after transfection, cells were dissociated by
1 X cell lysis buffer, then mixed in 20 ul cell lysate
and 100 ul luciferase reaction reagent. Then rela-
tive luciferase activity was detected with a micro-
plate reader (Molecular Devices, LLLC). Renilla
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Table 1. Characteristics of the study population.

Characteristics Non-smoker (n=40) Smoker (n=50) COPD (n=50) p value
Age, years 59.25 + 4.00 58.64 + 411 58.10 + 4.45 0.438
Sex, male/female 27/13 39/11 42/8 0.177
BMI, kg/m? 21.70+1.80 21.73+1.70 21.28+1.74 0.370
FEV1/FVC, % 87.53 + 4.20 80.78 = 5.68 56.84 +11.59 <0.001
FEV1, % 92.38+5.12 87.68 +5.44 56.16 +15.95 <0.001
Smoking, pack-years - 38.16+11.27 41.08 £ 12.40 0.221

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second;

FVC, forced vital capacity.

luciferase was used for normalization. Each sam-
ple was repeated three times.

Statistical analysis

The data analysis was carried out by SPSS 17.0 and
GraphPad Prism 7.0 software. All data were
expressed as mean*standard deviation (SD).
Student’s z-test and one-way analysis of variance
were used for the comparison of the statistical differ-
ences between groups. Pearson’s analysis was used
for correlation analysis. Receiver operating charac-
teristic (ROC) curve was constructed to evaluate the
diagnostic value of CASC2 in COPD. A p value less
than 0.05 was identified as statistically significant.

Results

Characteristics of the study population

In the present study, 40 non-smokers, 50 smokers
without COPD, and 50 smokers with COPD were
recruited. As shown in Table 1, there was no sig-
nificant difference in the age, gender, and BMI dis-
tribution among the three groups (all p>0.05).
Additionally, the smoking history also showed no
significant difference between smoker and COPD
groups (p>0.05). The levels of forced expiratory
volume in one second (FEV1) and FEV1/ forced
vital capacity (FVC) were significantly different
among the three groups (all p<<0.001).

Expression changes and clinical values of

serum CASC2 in COPD patients

According to the gqRT-PCR analysis, it was found
that serum CASC2 was low expressed in smokers

compared with non-smokers [Figure 1(a); p<<0.05].
Moreover, the serum levels of CASC2 were dra-
matically decreased in COPD patients compared with
smokers without COPD [Figure 1(a); »<<0.001].
Additionally, the correlation analysis results indi-
cated that serum CASC2 was positively associated
with FEV1 in all smokers with or without COPD
[Figure 1(b); r=0.731, p<<0.001]. In addition,
based on the GOLD stage, the COPD patients
were divided into two groups, GOLD stage 1-2
(n=30), and GOLD stage 3 (z=20), and CASC2
levels were compared between the two groups. It
was found that CASC2 was downregulated signifi-
cantly in the serum of severe COPD patients com-
pared with the mild and moderate cases [Figure
1(c), p<0.001]. Moreover, according to the serum
CASC2 levels in all smokers with or without
COPD, a ROC curve was established. As shown in
Figure 1(d), the ROC curve indicated that the area
under the curve was 0.924, the sensitivity was
78.0% and the specificity was 92.0% at the cutoff
value of 0.680, suggesting that the expression of
CASC2 had the ability to distinguish COPD
patients from smokers. These results suggested
that miR-18a-5p might be involved in the develop-
ment of COPD for smokers.

CASCZ2 overexpression alleviated CSE-induced
apoptosis and inflammation in 16HBE cells

To investigate the role of CASC2 in smoking-
triggered COPD, 16HBE cells were treated with
CSE to mimic the smoking condition i vitro.
16HBE cells were first treated with CSE at differ-
ent concentrations. QRT-PCR results indicated
that the levels of CASC2 decreased gradually as
the CSE concentration increased, and the CASC2
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Figure 1. Clinical values of serum CASC2 in COPD patients. (a) Serum CASC2 was low expressed in the
smokers compared with non-smokers, and it was dramatically decreased in COPD patients compared with
smokers without COPD. **p < 0.01; ###p < 0.001. Differences between groups were compared using one-way
analysis of variance. (b) Serum CASC2 was positively associated with FEV1 in all smokers with or without
COPD (r=0.731, p<0.001). Differences between groups were compared using Student’s t-test. (c) CASC2
was downregulated significantly in the serum of COPD patients in stage I-Il compared with that in stage IlI.
***p < 0.001, compared with stage |-l group. (d] CASC2 had the diagnostic accuracy to distinguish COPD
patients from smokers with the AUC of 0.924, the sensitivity of 78.0% and the specificity of 92.0%.

AUC, area under the curve; CASC2, cancer susceptibility candidate 2; COPD, chronic obstructive pulmonary disease;

FEV1, forced expiratory volume in one second.

levels were significantly suppressed at 2% and 4%
CSE concentration [Figure 2(a)]. But the CASC2
levels showed no significant difference at 2% and
4% CSE concentration. Similar results were also
detected in the culture medium [Figure 2(b)].
Therefore, 2% CSE treatment for 24h was used
for the subsequent cell experiments. Then
pcDNA-CASC2 was transfected into cells to reg-
ulate the level of CASC2. It was found that
CASC2 was significantly upregulated by pcDNA-
CASC2 transfection in both cell and culture

medium [p<<0.001; Figure 2(c)]. The CCK-8
and flow cytometry assay results demonstrated
that CASC2 overexpression significantly pro-
moted cell viability, while inhibited CSE-induced
cell apoptosis [p<<0.001; Figure 2(d) and (e)].
Then we further investigated the role of CASC2
in inflammatory cytokines release. It was observed
that CSE promoted the release of IL-6, IL-8,
IL-1B, and TNF-o in 16HBE cells, which was
reversed by CASC2 overexpression [p<<0.001;
Figure 2(f)]. It was concluded that CASC2
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Figure 2. CASC2 overexpression alleviated CSE-induced apoptosis and inflammation in 16HBE cells. (a) The levels of CASC2
decreased gradually in 16HBE cells as the CSE concentration increased, and the CASC2 levels were significantly suppressed at

2% and 4% CSE concentration. **p <0.01; ***p <0.001. (b) The levels of CASC2 decreased gradually in the cell culture medium as
the CSE concentration increased, and the CASC2 levels were significantly suppressed at 2% and 4% CSE concentration. **p <0.01;
***p < 0.001. (c) CASC2 was significantly upregulated in both cells and cell culture medium by pcDNA-CASC?2 transfection.
***p < 0.001, compared with control group; ###p <0.001 compared with CSE group. (d) and (e] CASC2 overexpression significantly

promoted cell viability, while it inhibited CSE-induced cell apoptosis. ***p <0.001, compared with control group; ###p <0.001
compared with CSE group. (f) CSE promoted the release of IL-6, IL-8, IL-1pB, and TNF-a in 16HBE cells, which was reversed by
CASC2 overexpression. ***p <0.001, compared with the control group; ##p <0.001 compared with CSE group. Differences between
groups were compared using one-way analysis of variance.
CASC2, cancer susceptibility candidate 2; CSE, cigarette smoke extract; pcDNA, plasmid cloning DNA.

overexpression attenuated CSE-induced apopto-
sis and inflammation in 16 HBE cells.

CASC2 functions as a ceRNA of miR-18a-5p
StarBase was used to predict the relationship
between CASC2 and miRNAs, and the comple-
mentary sequence between miR-18a-5p and
CASC2 3'UTR was found [Figure 3(a)]. Then
the luciferase reporter assay indicated that miR-
18a-5p mimic transfection significantly reduced
the luciferase activity of cells co-transfected
with CASC2-Wt, whereas miR-18a-5p inhibitor
transfection had the opposite effect [Figure
3(b)]. However, the luciferase activity of cells
transfected with CASC2-Mut cannot be influ-
enced by the miR-18a-5p expression level
[Figure 3(b)].

The expression of CASC2 was measured in the cell
model, and the results indicated that CSE treatment
significantly increased the level of miR-18a-5p, while
overexpression of CASC2 led to the reduction of
miR-18a-5p expression [Figure 3(c)]. Furthermore,
increased expression of miR-18a-5p was also
detected in the serum of COPD patients compared
with the smokers [p<<0.001, Figure 3(d)], and
serum miR-18a-5p expression showed a negative
association with the level of CASC2 [r=-0.703,
$»<<0.001; Figure 3(e)]. These data indicate that
CASC?2 functions as a ceRNA of miR-18a-5p.

Overexpression of miR-18a-5p promoted cell
apoptosis and inflammation in 16HBE cells

Cell transfection was performed to regulate the
level of miR-18a-5p in 16HBE cells. As shown
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association with the level of CASC2. Differences between groups were compared using one-way analysis of variance.
CASC2, cancer susceptibility candidate 2; ceRNA, endogenous competitive RNA; COPD, chronic obstructive pulmonary
disease; CSE, cigarette smoke extract; IncRNA, long non-coding RNA; Mut, mutant type; NC, negative control; pcDNA,

plasmid cloning DNA; Wt, wild type.

in Figure 4(a), miR-18a-5p mimic transfection
significantly elevated the cell miR-18a-5p levels,
while miR-18a-5p inhibitor transfection showed
the opposite effect (p<<0.01). According to the
CCK-8 and flow cytometry assay results, over-
expression of miR-18a-5p significantly inhibited
cell viability [Figure 4(b); »p<0.001] but pro-
moted cell apoptosis [Figure 4(c); p<<0.01].
MiR-18a-5p downregulation promoted cell via-
bility and inhibited cell apoptosis, but the differ-
ences were not significant. Besides, it was found
that the levels of IL-6, IL-8, IL-1f3, and TNF-a
were all increased significantly by miR-18a-5p
mimic transfection [Figure 4(d); p<0.001].

MiR-18a-5p reversed the influence of CASCZ2 on

cell apoptosis and inflammation in 16HBE cells

Then cell transfection was performed to regulate the
level miR-18a-5p n wvirro. It was observed that miR-
18a-5p mimic transfection increased the level of miR~
18a-5p remarkably [Figure 5(a)]. According to the
CCK-8 results, overexpression of miR-18a-5p aggra-
vated the inhibition of cell viability induced by CSE,
and reversed the protective effect of CASC2 on cell
viability [Figure 5(b)]. The results of the flow cytom-
etry assay suggested that miR-18a-5p overexpression
aggravated CSE-induced cell apoptosis [Figure 5(c)].
Overexpression of CASC2 inhibited cell apoptosis,
but the influence was reversed by miR-18a-5p
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Figure 4. Overexpression of miR-18a-5p promoted cell apoptosis and inflammation in 16HBE cells. (a) miR-mimic
transfection significantly elevated the cell miR-18a-5p levels, while miR-18a-5p inhibitor transfection showed the
opposite effect. (b) and (c) Overexpression of miR-18a-5p significantly inhibited cell viability and promoted cell apoptosis.
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The levels of IL-6, IL-8, IL-1B, and TNF-a were all increased significantly by miR-18a-5p mimic transfection.

**p<0.01, ***p<0.001, compared with control group.
NC, negative control.

upregulation [Figure 5(c)]. Furthermore, we explored
the role of miR-18a-5p in the inflammatory response,
and the levels of several inflammatory cytokines were
measured. It was found that the levels of IL-6, IL-8,
IL-1pB, and TNF-o were all increased in CSE treated
cells, which was further enhanced by miR-18a-5p
overexpression [Figure 5(d)]. Overexpression of
CASC2 inhibited the release of inflammatory factors,
which was reversed by miR-18a-5p mimic transfec-
tion [Figure 5(d)]. The data indicated that overex-
pression of miR-18a-5p reversed the influence of
CASC2 on cell apoptosis and inflammation in
16HBE cells.

IGFT is the target gene of miR-18a-5p
According to the bioinformatics prediction,
miR-18a-5p has a putative complementary

sequence that was identified in the 3’-UTR of
IGF1 [Figure 6(a)]. Then the luciferase reporter
assay was performed to confirm whether IGF1
was the target gene of miR-18a-5p. It was found
that miR-18a-5p overexpression markedly inhib-
ited the luciferase activity of the Wt 3'-UTR of
IGF1, but miR-18a-5p downregulation pro-
moted its luciferase activity [all p<0.001; Figure
6(b)]. But there was no prominent effect on
luciferase activity of IGF1-Mut reporter systems
[Figure 6(b)]. In 16 HBE cells, IGF1 was down-
regulated significantly in cells transfected with
miR-18a-5p mimic transfection, but was ele-
vated in cells transfected with miR-18a-5p
inhibitor [p<<0.001; Figure 6(c)]. Additionally,
the mRNA level of IGF1 showed a significant
decrease trend in CSE treated cells, but miR-
18a-5p mimic transfection significantly reduced
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Figure 5. miR-18a-5p reversed the influence of CASC2 on cell apoptosis and inflammatory in 16HBE cells. (a)
miR-18a-5p mimic transfection increased the level of miR-18a-5p remarkably. (b) Influence of miR-18a-5p on
cell viability. (c) Effect of miR-18a-5p on cell apoptosis. (d) The levels of IL-6, IL-8, IL-1B, and TNF-a in cells

after miR-18a-5p upregulated.
***p <0.001, compared with CSE+miR-NC group.
##p < 0.01, ###p <0.001, compared with CSE+pcDNA group.

&p<0.05, ¥p<0.01, &&p <0.001, compared with CSE+CASC2 group.
Differences between groups were compared using one-way analysis of variance.
CASC2, cancer susceptibility candidate 2; CSE, cigarette smoke extract; NC, negative control; pcDNA, plasmid cloning DNA.

the level of IGF1, and miR-18a-5p inhibitor
transfection led to the increase of IGF1
[p<<0.001; Figure 6(d)]. Furthermore, the levels
of IGF1 were confirmed in the serum of COPD
patients. The qRT-PCR results indicated that
IGF1 was low expressed in smokers compared
with non-smokers; moreover, the smokers with
COPD had the highest expression of IGF1 com-
pared with those without COPD, which was con-
sistent with the results observed in CSE treated
16HBE cells [Figure 6(e)]. Serum IGF1 showed
negative association with miR-18a-5p level in all
smokers [r=-0.644, p<0.001; Figure 6(f)], but
positively correlated with CASC2 levels [r=0.510,
p<0.001; Figure 6(g)].

Discussion

CASC2, a IncRNA, is located on chromosome
10 of the human genome, and plays an important
regulatory role in the biological processes of cell
proliferation, apoptosis, migration, and invasion.
Recent studies have shown that CASC2 can act
as an important anticancer factor, and its expres-
sion is dysregulated in several human tumors,
indicating its important role in the occurrence
and development of tumors. In the present study,
CASC2 showed low expression in the serum of
COPD patients and was positively associated
with the level of FEV1. Furthermore, CASC2
was downregulated significantly in the serum of
severe COPD patients compared with the mild
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CASC2, cancer susceptibility candidate 2; COPD, chronic obstructive pulmonary disease; CSE, cigarette smoke extract;
mRNA, messager RNA; Mut, mutant type; NC, negative control; Wt, wild type.

and moderate cases. Consistently, low expres-
sion of CASC2 is identified in a diabetic nephrop-
athy rat model; upregulation of CASC2 can
inhibit the inflammatory factor release and fur-
ther relieve the disease process.® Another study
also reported the low expression level of CASC2
during the development of ALI, and LPS-
induced inflammatory response in the ALI cell
model can be suppressed by CASC2 upregula-
tion.!1® These findings supported our results
about the potential role of CASC2 in COPD.

Furthermore, ROC curve was applied to detect
the diagnostic value of serum CASC2 for COPD
diagnosis, and serum CASC2 was proved to have
the ability to distinguish COPD patients from
healthy smokers. The current study focused on
the exploration of non-invasive diagnostic mark-
ers, so serum samples were collected. The tissue
expression level may be critical for COPD phe-
notype, but lung tissues were not collected in the
present study, which should be considered for
further exploration.
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COPD is a worldwide disease, mainly attributa-
ble to the influence of cigarette smoking.!® There
are two main features in COPD: narrowing of the
small airways (mainly because of chronic bron-
chiolitis) and destruction of the alveolar walls
(emphysema). The pathological process of COPD
has been suggested to be closely related to alveo-
lar epithelial cell apoptosis.! In the present study,
the human bronchial epithelial cell line 16 HBE
was recruited for cell experiments, which has
been widely used for COPD study in previous
researches.19:20 It was found that low expression
of CASC2 was detected in both cell and cellular
medium of CSE treated 16HBE cells, which was
consistent with the results shown in the clinical
serum samples. It is known that miRNAs are pro-
duced by all cell types, and the same miRNA may
be derived from a variety of cell sources, such as
endothelial cells, monocytes and macrophages,
vascular smooth cells, and platelets, and eventu-
ally are secreted in blood. In the present study,
the quantitative relations between alterations in
intracellular miRNA concentrations and serum
miRNA levels are not detected; this would be of
interest for further exploration. The cell experi-
ment results suggested that overexpression of
CASC2 inhibited CSE-induced apoptosis in
16HBE cells. It should be noted that COPD
patients always underwent a chronic inflamma-
tory process, even after smoking cessation.
Therefore, inflammation is considered to be one
of the major pathological features of COPD, and
targeting therapy involving IncRNAs associated
with inflammation may be a new and effective
means of treating COPD. As previous studies
reported, dysregulation of IncRNAs can contrib-
ute to the alteration of immune response and
homeostatic mechanisms in the lungs of smokers
susceptible to COPD, such as MIRI155HG,
MEG3, and ANRIL.21-23 Moreover, CASC2 has
been widely reported to be involved in the regula-
tion of inflammatory responses and further par-
ticipate in the disease progression.!? In the serum
of sepsis patients, CASC2 shows a decreasing
trend compared with that in healthy controls.?*
CASC2 can inhibit the secretion of inflammatory
cytokines in LPS-stimulated human renal tubular
epithelial HK-2 cells.?* In a study of ALI, CASC2
is reported to attenuate LPS-induced inflamma-
tory response in ALI cell models.1? Therefore, in
the current study, we further explored the role of
CASC?2 in the inflammatory response, and the
levels of several inflammatory cytokines were
measured. As expected, it was observed that

overexpression of CASC2 inhibited CSE-induced
inflammatory response in 16HBE cells, which
was consistent with the previous evidence.10 It is
known that COPD encompasses a variety of clini-
cal and pathologic phenotypes ranging from air-
way inflammation (chronic bronchitis) to
destruction of lung tissue (emphysema) and
remodeling of the small airways. But in the cur-
rent study, we focus on just the inflammatory
condition of COPD; the association of CASC2
with other phenotypes was not included in the
current study. It should be considered for further
exploration.

Recently, many IncRNAs have been reported to
have regulatory elements of miRNAs, and regu-
late the miRNA expression via sponging miR-
NAs.25 A recent study has reported the direct
binding relationship between CASC2 and miR-
18a-5p; CASC2 functions as a sponge of miR-
18a-5p in cholangiocarcinoma.!3 In recent years,
several miRNAs have been identified to be aber-
rantly expressed in COPD patients, and are
implicated in the pathogenesis of COPD, such as
miR-130a, miR-195-5p, miR-129b.26-28 In the
present study, CASC2 functions as a ceRNA of
miR-18a-5p in 16HBE cells. And the high expres-
sion of miR-18a-5p was detected in the serum of
COPD patients. The dysregulation of miR-
18a-5p has been reported to participate in several
respiratory diseases.!®!15> miR-18a-5p can target
the glucocorticoid receptor, which is involved in
the regulation of inflammatory response and
related physiological events.?° In the current
study, the gain and loss function experiments
revealed that upregulation of miR-18a-5p aggra-
vated CSE-induced cell apoptosis and inflamma-
tory cytokines release. Moreover, miR-18a-5p
overexpression reversed the influence of CASC2
on cell apoptosis and inflammation in 16 HBE
cells. We concluded that CASC2 might be
involved in the development of COPD wvia spong-
ing miR-18a-5p.

The dysregulation of miRNAs has been widely
identified in different human diseases and is
involved in the pathogenesis of diseases through
binding to the 3'-untranslated region (3’-UTR) of
the target gene.2® Insulin-like growth factor 1
(IGF1) is a well-known anti-apoptotic pro-survival
factor, serving a crucial role in maintaining homeo-
static processes.3? In several human disease studies,
IGF1 has been identified to be the target gene of
miR-18a-5p to participate in disease progression,
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such as muscle atrophy.3! Notably, IGF1 has been
reported to be low expressed in COPD patients.32
As the bioinformatics analysis predicted, IGF1 is a
candidate target gene of miR-18a-5p, which was
confirmed by the luciferase reporter assay.
Considering the important role of IGF1 in COPD
as previously reported, we guessed that IGF1 might
be involved in the regulatory role of miR-18a-5p in
COPD. The cell gain and loss function experi-
ments results indicated that overexpression of miR-
18a-5p reduced the level of IGF1, while miR-18a-5p
downregulation led to the increase of IGF1.
Furthermore, a low level of miR-18a-5p was also
detected in the serum of COPD patients.
Consistently, IGF1 has been reported to be down-
regulated in COPD patients, and is associated with
increased muscle weakness during an acute COPD
exacerbation.3? IGF1 is also known to be a key reg-
ulator of muscle mass, and muscle dysfunction is
one of the common systemic manifestations of
COPD.3* In addition, IGF1 is also reported to play
an important role in the regulation of inflammation
in the immune system.?> The evidence all sup-
ported our present results about the potential role
of IGF1 in CSE-induced cell apoptosis and inflam-
mation. Furthermore, a negative association of
serum IGF1 level with CASC2 level was detected
in clinical samples, supporting our conclusion
about the involvement of CASC2/miR-18a/IGF1
axis in the disease mechanism. IGF1 can trigger the
downstream signaling pathways through binding to
its corresponding receptor (IGF1R), of which the
most important is the phosphatidylinositol-3-ki-
nase (PI3K)/Akt pathway.3! The PI3K/Akt path-
way has been reported to be involved in the
regulation of oxidative stress and inflammatory
response, and dysregulation of PI3K/Akt signaling
has been observed in both COPD patients and in
vitro models.3%:36 According to the above findings,
we concluded that the CASC2/miR-18a-5p axis in
the occurrence of COPD is related to the inhibition
of IGF1, which induces the bronchial epithelial cell
apoptosis and inflammation, and PI3K/Akt signal-
ing might be involved in the potential mechanism.
However, the direct regulatory role between IGF1
and CASC2 was not examined in the current study,
and further studies are needed to verify the con-
crete mechanism.

In conclusion, our findings indicated that
CASC2 was downregulated in COPD patients
and it might be a promising biomarker for the
disease diagnosis. Overexpression of CASC2
might inhibit the bronchial epithelial cell

apoptosis and inflammation via targeting miR-
18a-5p/IGF1 axis. The present results provide
a basis for further study of the molecular
mechanisms underlying the development and
progression of COPD.
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