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Purpose: Asthma is a common chronic disease in children. Abnormal expression of lncRNAs can be used as biomarkers for early
diagnosis of asthma. The present study aimed to explore the expression change and clinical value of lncRNA CASC2 in asthma, and
further investigate its potential mechanism.
Patients and Methods: Seventy asthma children and 66 healthy controls were recruited. Levels of mRNAs were detected using
qRT-PCR. Receiver operating characteristic (ROC) curves were drawn for diagnostic value evaluation. Asthma cell models were
established using PDGF-BB in Human airway smooth muscle cells (ASMCs). Levels of Th1/Th2 related cytokines were detected
using ELISA. Lipofectamine 3000 was used for cell transfection. The target relationship was verified using luciferase activity
assay.
Results: CASC2 was at a low level in asthma children in comparison with the healthy controls. Serum CASC2 can distinguish healthy
individuals from asthma children. Overexpression of CASC2 inhibited PDGF-BB induced cell proliferation and migration. CASC2
upregulation inhibited the release of Th2 related cytokines (IL-4 and IL-10), but promoted the release of Th1-related cytokine (IFN-γ).
In PDGF-BB treated ASMCs, the reduced expression of contractile phenotype marker (α-SMA) was detected, but the trend was
reversed by CASC2 upregulation. LncRNA CASC2 serves as a ceRNA of miR-31-5p, overexpression of miR-31-5p reversed the
influence of CASC2 on asthma in vitro.
Conclusion: Serum CASC2 can distinguish healthy individuals from asthma children. CASC2 may be involved in childhood asthma
through inhibiting ASMCs proliferation, migration and inflammation via sponging miR-31-5p.
Keywords: asthma, lncRNA CASC2, miR-31-5p, ASMCs

Introduction
Asthma is a heterogeneous disease characterized by chronic airway inflammation and airway hyperresponsiveness. The
clinical manifestations were heterogeneous and different degrees of airway inflammation and airway remodeling.1 It is
the most common chronic respiratory disease in childhood because it is inherited and often occurs in early childhood,
with serious impacts on children’s health.2 Asthma is a chronic inflammatory disease of the airway that is co-acted by
a variety of cells and their components, but its etiology is complex, and the specific pathogenesis is not fully understood.
It has been reported that Airway remodeling starts early in childhood asthma.3,4 Airway remodeling is a proposed
mechanism that underlies the persistent loss of lung function associated with childhood asthma.5 Airway smooth muscle
cells (ASMCs) play an important role in airway remodeling.6 Abnormal proliferation of ASMCs and airway inflamma-
tion has been identified as a hallmark of asthma, especially in fatal or severe asthma.7 Hence, it is critical to explore the
underlying mechanisms that regulate the proliferation and migration of ASMCs, inhibiting the changes of ASMCs may
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prevent the development of asthma. Current treatment methods cannot completely prevent airway remodeling and acute
attacks. It is urgent to find more effective biomarkers to guide the diagnosis and treatment of asthma.

Long non-coding RNAs (lncRNAs) are regulatory non-coding RNAs with a length of more than 200 nucleotides and
no protein coding function. LncRNAs are involved in regulating the physiological processes of various cells. Currently,
studies on lncRNAs have focused on the occurrence and development of tumors.8 Recent findings proposed that
lncRNAs serve as powerful regulators in immune response, and their expression profiles are different in patients with
different types of asthma, suggesting that lncRNAs have a close relationship with the occurrence of asthma.9,10 Recent
studies have found that lncRNA CASC2 is not only involved in the formation of a variety of malignant tumors, but also
can regulate the inflammatory response of the body.11 CASC2 is low expressed in lipopolysaccharide-induced acute lung
injury cell model and is involved in regulating the release of inflammatory factors.11 CASC2 is poorly expressed in
neonatal mice with bronchopulmonary dysplasia, and overexpression of CASC2 promotes the proliferation of bronchial
epithelial cells, demonstrating its regulatory effect on neonatal lung injury.12 In addition, through bioinformatics analysis,
Liao et al constructed an asthma-related competitive endogenous RNA (ceRNA) network and determined that CASC2
was a key asthma-related lncRNA.13 And the relationship between CASC2 and miR-31-5p has been reported.14

However, the expression pattern and function of CASC2 in asthma remain unclear.
The present study detected the level of CASC2 in the serum of asthmatic children, and further evaluated its clinical

value and relationship with the inflammatory response in asthma. In the aspect of mechanism, based on the ceRNA
theory, the CASC2-miR-31-5p ceRNA network was explored in platelet-derived growth factor-BB (PDGF-BB) treated
ASMCs cell models.

Materials and Methods
Clinical Data and Sample Collection
A total of 70 patients with asthma admitted to the Second Affiliated Hospital of Xi‘an Medical University from
August 2019 to January 2021 were selected as the research subjects, including 36 males and 34 females. All patients
were diagnosed according to the Guidelines for the Diagnosis and Prevention of Childhood Bronchial Asthma,
formulated by the Respiratory Group of the Chinese Medical Association in 2008. A parent or legal guardian of the
children provided written informed consent. Exclusion criteria for patients were as follows: (1) patients with allergic
rhinitis history; (2) Patients with a family history of asthma; (3) patients with psoriasis, systemic lupus erythematosus and
other autoimmune diseases; (4) patients recently treated with glucocorticoids; (5) Patients with abnormal lung function
detection. 66 healthy children who underwent physical examination in the same period were selected as the control
group. This study was conducted under the supervision and approval of the Second Affiliated Hospital of Xi‘an Medical
University Ethics Committee in accordance with the Declaration of Helsinki.

5 mL of fasting venous blood was taken from each subject. After centrifugation, the supernatant was taken and stored
at −20°C for inspection.

Cell Culture and Treatment
Human ASMCs were obtained from the American Type Culture Collection (ATCC), conventionally cultured in Vascular
Cell Basal Medium containing Vascular Smooth Muscle Cell Growth Kit. Cells were incubated at 37 °C in an incubator
containing 5% CO2 and saturated humidity. The medium was changed every other day, and the cells were passed every 2
to 4 days.

Cells in logarithmic growth phase were selected and seeded into 96-well plates. When the adherent cells grew to
a density of about 50–60%, they were starved in serum-free medium for 24 hours and then underwent different treatment.
To simulate the airway hyperresponsiveness model, cells were treated with 25 ng/mL of PDGF-BB for 24 hours.15 To
regulate the levels of lncRNA CASC2 and miR-31-5p in ASMCs, cells were transfected with pcDNA-CASC2 or
negative empty vector, the small-interfering RNA against CASC2 (si-CASC2: 5’-AGACUAUAAUGAUACCUUGGG
-3’;) or its negative control (si-NC: 5’-UUCUCCGAACGUGUCACGUUU-3’;), miR-31-5p mimic (5’-
AGGCAAGAUGCUGGCAUAGCU-3’) or inhibitor (5’-AGCUAUGCCAGCAUCUUGCCU) or their negative control
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(miR-NC: 5’-CAGUACUUUUGUGUAGUACAAA-3’) using Lipofectamine 3000. The sequences were synthesized and
provided by Shanghai Sangon Ltd. 48 hours after transfection, the cells were collected for subsequent cell experiments.

qRT-PCR
Total RNA was extracted from serum samples or cells by Trizol method, and cDNA was obtained by reverse
transcription after qualified detection. Levels of CASC2 and miR-31-5p were measured through real-time quantitative
polymerase chain reaction (qRT-PCR). Using GAPDH and U6 as internal reference genes respectively, the expression
levels of CASC2 and miR-31-5p were calculated according to 2−ΔΔCt method. The primer sequences were as follows:
CASC2 primers forward: 5’-GCACATTGGACGGTGTTTCC-3’, reverse:5’- CCC AGTCCTTCACAGGTCAC-3’;
GAPDH primers forward: 5’-CGCTCTC TGCTCCTCCTGTTC-3’, reverse: 5’-ATCCGTTGACTC CGACCTTCAC-
3’; miR-31-5p primers forward: 5’-ACACTCCAGCTGGGAGGCAAGATGCTGGC-3’, reverse: 5’-
TGGTGTCGTGGAGTCG-3’; U6 primers forward: 5’-CTCGCTTCGGCAGCACA-3’ and reverse: 5’-
ACGCTTCACGAATTTGCGT-3’.

CCK-8 Assay
After digestion with 0.25% trypsin EDTA, 2×103 cells were collected and plated into 96-well plate. Cells were cultured
in an incubator at 37°C with 5% CO2, and when the cells grew to 60–70% confluence, 25 ng/mL of PDGF-BB was added
into the culture medium. After culturing for 24h, 10μL CCK-8 reagent was added to each well, and placed in the
incubator for further culture for 1h. After that, OD value of each well was measured with a microplate analyzer at
450 nm.

Transwell Assay
Transwell was used for the measurement of migrated cells. 2×103 cells were collected and seeded into the upper chamber
with a diameter of 8 μm. Then the lower chamber of Transwell was filled with 600 μL medium containing 10% FBS.
After the cells were incubated for 24 hours, the chamber was taken out, and the medium in the hole was discarded. The
un-migrated cells on the upper chamber were gently wiped with cotton swabs, and the migrated cells attached to the
lower chamber were fixed with 4% paraformaldehyde for 30 min, and the chamber was properly air-dried. After staining
with crystal violet for 20 min, the cell number was counted under an inverted phase-contrast microscope, and 5 fields
were randomly selected to calculate the average amount.

Enzyme-Linked Immunosorbent Assay (ELISA)
The levels of human inflammatory cytokines, including interferon-γ (IFN-γ), interleukin-4 (IL-4), IL-10, were detected
using the human ELISA kit based on the manufacturer’s requirements.

Luciferase Activity Assay
The binding site of CASC2 and miR-31-5p was predicted according to the bioinformatics website lncBase Predicted V.2,
and the binding site sequence of CASC2 containing the miR-31-5p binding site was inserted into the luciferase reporter
plasmid vector to construct wild-type plasmid (WT-CASC2). At the same time, the binding site of CASC2 and miR-31-
5p was mutated by gene mutation technology and inserted into the reporter plasmid to construct a mutant plasmid (MUT-
CASC2). WT-CASC2 or MUT-CASC2 were co-transfected with miR-31-5p mimic or inhibitor into ASMCs, respec-
tively. 48 hours after transfection, the luciferase activity was measured by a fluorescence spectrometer. The experiment
was repeated three times, and the luciferase activity value of each group was calculated as the ratio of luciferase value of
firefly to renilla luciferase values.

Statistics Process
SPSS 18.0 and GraphPad 7.0 were used for statistical analysis. Measurement data were expressed as mean ± standard
deviation (SD), and differences between groups were analyzed by ANOVA. Categorical variables were expressed as
percentages, and χ2 test was used for comparison between groups. Pearson’s correlation method was used to analyze the
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correlation of relevant indexes. Receiver operating characteristic (ROC) curves were drawn by univariate regression
model to evaluate diagnostic sensitivity and specificity. A P < 0.05 was defined as statistically significant.

Results
General Data
As shown in Table 1, the general data of the study subjects in different groups were recorded. 70 asthma children were
recruited, aged from 4–10 years old, with a mean age of 6.74±1.70, including 34 females and 36 males. In addition, 66
age and gender-matched healthy controls were recruited, including 37 females and 29 males. There was no significant
difference in the body mass index (BMI) level between the two groups (P > 0.05). It was observed that in comparison
with the control groups, patients with asthma had elevated immunoglobulin E (IgE), IL-4, IL-10, FeNO levels, and the
difference reached a significant level (P < 0.05). Low levels of forced expiratory volume in one second (FEV1%) and
IFN-γ were detected in children with asthma (P < 0.05).

Levels of lncRNA CASC2 in Asthma Children
Levels of CASC2 in the clinical serum samples were measured using qRT-PCR, and the difference between groups was
tested using Student’s t-test. CASC2 was identified in low expression in children with asthma, and the difference reached
a significant level (Figure 1, P < 0.001).

Evaluation of the Clinical Values of CASC2 in Asthma
Based on the serum CASC2 levels in healthy controls and asthma children, a ROC curve was established. It was
calculated that the area under the curve (AUC) was 0.907, with diagnostic sensitivity and specificity of 81.4% and 84.8%
(Figure 2). The results demonstrated the diagnostic potential for the asthma.

In view of the abnormal expression of CASC2 in asthmatic children, the correlation between CASC2 and clinical
indicators of asthmatic patients was further analyzed (Table 2). Pearson’s correlation analysis results showed that serum
CASC2 was significantly positively correlated with FEV1 (r = 0.781, P < 0.001) and IFN-γ (r = 0.635, P < 0.001) levels
in children with asthma. Nevertheless, a remarkable negative correlation was detected for serum CASC2 with the levels
of IgE (r = −0.727, P < 0.001), IL-4 (r = −0.766, P < 0.001). IL-10 (r = −0.797, P < 0.001) and FeNO (r = −0.777, P <
0.001). Furthermore, after the multiple linear regression analysis, the significant correlations between serum CASC2 and
other indicators still existed (all P < 0.01).

Effects of CASC2 on Proliferation, Migration and Inflammatory Response of ASMCs
Cell transfection was performed for cell transfection. As shown in Figure 3A, levels of CASC2 were increased by
pcDNA3.1-CASC2 transfection, which was downregulated by si-CASC2 (Figure 3A). Overexpression of CASC2
inhibited the ASMCs proliferation and migration, but CASC2 knockdown had the opposite effect (Figure 3B and C).
Besides, the release of Th1-related cytokine (IFN-γ) was further promoted (Figure 3D), whereas Th2 related cytokines

Table 1 Basic Clinical Information of the Participants

Parameter Healthy Individuals (n=66) Asthma Patients (n=70) P-value

Gender (female/male) 37/29 34/36 0.382
Age (years) 7.17±1.82 6.74±1.70 0.163

BMI (kg/m2) 24.21±3.01 23.60±2.78 0.225

FEV1 (%) 114.19±12.82 82.41±12.12 <0.001
IgE (KU/L) 34.37±9.09 146.91±32.95 <0.001

IL-4(ng/μL) 391.35±71.94 500.35±71.16 <0.001

IL-10 (ng/μL) 229.14±39.42 320.85±28.52 <0.001
IFN-γ(ng/μL) 257.46±68.25 188.75±51.61 <0.001

FeNO (ppb) 17.79±4.30 34.94±9.00 <0.001

Abbreviations: BMl, body mass index; FEV1, forced expiratory volume in one second; IgE, immunoglobulin E; IFN-γ, interferon-γ; IL-4, interleukin-12; IL-4, interleukin-10.
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(IL-10 and IL-4) was suppressed by CASC2 upregulation (Figure 3E and F). CASC2 upregulation also elevated the
mRNA levels of α-SMA (Figure 3G).

Then the in-vitro asthma models were established using PDGF-BB, and the expression level of CASC2 in ASMCs was
regulated by transfection of pcDNA-CASC2 and si-CASC2 (Figure 4A). Decreased level of CASC2 was detected in PDGF-
BB treated cell models, and the levels were reversely elevated by pcDNA-CASC2 transfection, but were significantly
reduced by si-CASC2 transfection (Figure 4A). From the analysis results, CASC2 up-regulation inhibited PDGF-BB induced
cell proliferation and migration, but the cell viability and migration were promoted by CASC2 knockdown (Figure 4B and C,
P < 0.001). In terms of inflammation, overexpression of CASC2 promoted the release of Th1-related cytokine (IFN-γ)
(Figure 4D), but inhibited the release of Th2 related cytokines (IL-10 and IL-4, Figure 4E and F). Overexpression of CASC2
also elevated the mRNA level of α-SMAwhich was reduced by PDGF-BB (Figure 4G). However, CASC2 knockout has the
opposite effect on the release of IFN-γ, IL-10, IL-4 and α-SMA (Figure 4D–G).

LncRNA CASC2 Serves as a ceRNA of miR-31-5p
Through bioinformatics analysis, it was found that there was a direct targeting relationship between CASC2 and miR-31-
5p (Figure 5A). The luciferase reporter assay results illustrated that in cells with WT-CASC2, miR-31-5p mimic
transfection decreased the luciferase activity of cells, whereas miR-31-5p inhibitor transfection enhanced the luciferase
activity (Figure 5B). Increased levels of miR-31-5p were measured in both in vitro cell models and asthmatic clinical
serum samples (Figure 5C and D). Clinically, serum CASC2 showed a negative correlation with miR-31-5p levels in
asthma children (Figure 5E, r= −0.864).

Figure 1 Levels of lncRNA CASC2 in the serum samples from healthy group and asthmatic patients’ group. ***P < 0.001 when compared with healthy individuals’ group.
Abbreviation: CASC2, cancer susceptibility candidate 2.
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MiR-31-5p Reversed the Influence of CASC2 in vitro
To evaluate the role of miR-31-5p in asthma, miR-31-5p mimic was transfected into ASMCs using Lipofectamine 3000. The
transfection efficiency was confirmed according to the qRT-PCR results. The results of Figure 6A showed that after miR-31-

Figure 2 Serum CASC2 diagnostic value. ROC curve was made based on serum CASC2 levels in healthy controls and asthmatic children.
Abbreviation: AUC, area under the curve.

Table 2 Correlation Between lncRNA CASC2 and Clinical Characteristics

Characteristics Bivariate Correlation Multiple Linear Regression

Pearson(r) P-value Coefficient Standard
error

t P-value

FEV1 (%) 0.781 <0.001 0.004 0.001 4.340 <0.001

IgE (KU/L) −0.727 <0.001 0.001 0.000 3.4668 0.001

IL-4 (ng/μL) −0.766 <0.001 −0.001 0.000 −4.827 <0.001
IL-10 (ng/μL) −0.797 <0.001 −0.001 0.000 −4.035 <0.001

IFN-γ(ng/μL) 0.635 <0.001 0.001 0.000 2.814 0.006

FeNO (bbp) −0.777 <0.001 −0.006 0.002 −3.802 <0.001
MiR-31-5p −0.864 <0.001 −0.277 0.051 −5.423 <0.001

Abbreviations: BMl, body mass index; FEV1, forced expiratory volume in one second; IgE, immunoglobulin E; IFN-γ, interferon-γ; IL-4, interleukin-4; IL-10, interleukin-10.
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5p mimic transfection, miR-31-5p levels in ASMCs were raised (P < 0.001). The cell behaviors and inflammatory responses
of cells under different treatments were detected. As CCK-8 and Transwell assay results reflected, overexpression of miR-31-
5p significantly promoted ASMCs proliferation and migration, which reversed the effect of CASC2 overexpression on cell
proliferation and migration (Figure 6B and C). The influences on the release of inflammatory cytokines were further

Figure 3 Effects of CASC2 on proliferation, migration and Th1/Th2 related cytokines of ASMCs. (A) The expression level of CASC2 in ASMCs was regulated by
transfection of pcDNA-CASC2 and si-CASC2. (B) CASC2 up-regulation inhibited PDGF-BB induced cell proliferation, while the influence of CASC2 knockdown was
opposite. (C) Role of CASC2 on ASMCs migration. (D) Effect of CASC2 expression on Th1 related cytokine (IFN-γ). (E and F) Effect of CASC2 expression on Th2 related
cytokines (IL-10 and IL-4). (G) Levels of contractile phenotype marker (α-SMA) of ASMCs in different cell groups. **P < 0.01, ***P < 0.001 when compared with control
group.
Abbreviations: CASC2, cancer susceptibility candidate 2; ASMC, airway smooth muscle cell; PDGF-BB, platelet-derived growth factors BB; IFN-γ, interferon-γ; IL-10,
interleukin-10; IL-4, interleukin-4; α-SMA,α-smooth muscle action; si-NC, negative control of the interfering RNA against CASC2; mRNA, message RNA.

Figure 4 Role CASC2 in asthma ASMCs models induced by PDGF-BB. (A) Downregulation of CASC2 in ASMCs models and the cell transfection efficiency of pcDNA-
CASC2 and si-CASC2. (B) Influence of CASC2 on ASMCs viability. (C) Influence of CASC2 on ASMCs migration. (D) Effect of CASC2 expression on Th1 related cytokine
(IFN-γ). (E and F) Effect of CASC2 expression on Th2 related cytokines (IL-10 and IL-4). (G) Influence of CASC2 on the mRNA levels of α-SMA. ***P < 0.001 when
compared with control group; &&P < 0.01, &&&P < 0.001 when compared with PDGF-BB group.
Abbreviations: CASC2, cancer susceptibility candidate-2; ASMC, airway smooth cell; PDGF-BB, platelet-derived growth factors BB; IFN-γ, interferon-γ; IL-10, interleukin-
10; IL-4, interleukin-4; α-SMA, α-smooth muscle action; si-NC, negative control of the interfering RNA against CASC2; mRNA, message RNA.
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Figure 5 LncRNA CASC2 serves as a ceRNA of miR-31-5p. (A) Targeting relationship between CASC2 and miR-31-5p. (B) Luciferase activity of cells under different
treatment. (C) Relative miR-31-5p levels in different cell groups. (D) Serum miR-31-5p levels in clinical serum samples. (E) Serum CASC2 showed a negative correlation with
miR-31-5p levels in all study subjects. ***P < 0.001 when compared with the control group; &&P < 0.01, &&&P < 0.001 when compared with PDGF-BB group.
Abbreviations: CASC2, cancer susceptibility candidate 2; NC, negative control; WT, wide type; MUT, mutant type; PDGF-BB, platelet-derived growth factors BB.

Figure 6 Overexpression of miR-31-5p reversed the influence of CASC2 in vitro. (A) Relative miR-31-5p levels in different cell groups. (B) Influence of miR-31-5p on
ASMCs proliferation. (C) Influence of miR-31-5p on ASMCs migration. (D) Influence of miR-31-5p on the release of Th1 related cytokine (IFN-γ). (E and F) Influence of
miR-31-5p on the discharge of Th2 related cytokines (IL-10 and IL-4). (G) Influence of miR-31-5p on the mRNA levels of α-SMA. ***P < 0.001 when compared with control
group; &&&P < 0.001 when compared with PDGF-BB group; ##P < 0.01, ###P < 0.001 when compared with pcDNA 3.1-CASC2 group.
Abbreviations: CASC2, cancer susceptibility candidate 2; PDGF-BB, platelet-derived growth factors BB; NC, negative control; IFN-γ, interfeton-γ; IL-10, interleukin-10; IL-
4, interleukin-4; α-SMA, α-smooth muscle action; mRNA, message RNA.
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explored. Based on ELISA results, overexpression of miR-31-5p counteracted the promotive effect on Th1 related factors
(Figure 6D) and the inhibitory effect of CASC2 on Th2 related factors (Figure 6E and F). In addition, the promotion of α-
SMA induced by CASC2 was also reversed by miR-31-5p overexpression (Figure 6G).

Discussion
Asthma is a common chronic disease in children. In recent years, with the aggravation of environmental problems, its
morbidity and mortality rates are gradually increasing, bringing a huge burden to public health security.16 As previously
reported, patients with asthma showed lower FEV1 and higher IgE levels during the acute episode.17,18 In the current
study, 70 asthma children and 66 healthy controls were recruited. Consistent with the previous findings, lower FEV1 and
higher IgE levels were detected in asthma children than in the healthy controls. It is speculated that it may be related to
the dyspnea caused by asthma. In addition, Th2-related cytokines levels raised remarkably and the Th1 related factors
decreased in asthma cases. The clinical data indicated that Th1/Th2 imbalance caused inflammatory reaction plays
a critical influence in the asthma mechanism.

Asthma is a common chronic respiratory disease, which can occur in infancy and seriously affect children’s health. If
not treated promptly, it may lead to decreased lung function, and seriously affect the quality of life of children.19 It is of
great significance to find the early diagnostic indicators of asthma, contributing to the effective control of the disease.
LncRNAs can regulate the expression of related genes and thus participate in the occurrence of different diseases.20

Recent studies have shown that in addition to intracellular regulatory functions, lncRNAs and miRNAs can be secreted
and detected in bodily fluids such as blood and urine.21 In agreement with the previous evidence, serum CASC2 and
miR-31-5p were detected in asthma children according to the present findings. Abnormal expression of lncRNAs can also
be used as biomarkers for early diagnosis of asthma, such as MEG3, ANRIL.22,23 The clinical data of this study showed
that CASC2 was in low levels in the serum of asthma children, and correlated with the FEV1% and IgE. It is suggested
that CASC2 plays a regulatory role in the progression of asthma in children. Then the ROC curve analysis results
demonstrated that serum CASC2 can serve as diagnostic biomarker for asthma. Several studies have reported the role of
CASC2 in lung disease. In neonates with lung injury, overexpression of CASC2 can alleviate lung injury through
inhibiting bronchial epithelial cell apoptosis.12 In lipopolysaccharids-induced acute lung injury models, CASC2 can
inhibit the inflammatory response of A549 cells.11 These findings supported our hypothesis in terms of the potential role
of CASC2 in asthma. However, the expression pattern of CASC2 at different stage of the childhood asthma was not
analyzed, which is of great significance for future study.

The abnormal proliferation and migration of ASMCs are one of the pathogenesis of asthma airway remodeling.24 An
increase in ASMCs could promote the airway obstruction and hyperresponsiveness. ASMCs migration may be the cause
of airway remodeling and obstruction.25 In the absence of any stimulating factors, ASMCs cultured from asthmatic
patients proliferate faster in vitro than that in non-asthmatic patients, especially in patients with fatal asthma, reflecting
the crucial role of ASMCs in asthma.26 Platelet-derived growth factors BB (PDGF-BB) is a powerful mitotic growth
factor, which can activate ASMCs and promote cell proliferation and migration under pathological conditions.27 PDGF-
BB-induced ASMC models have been widely used in the study of asthma.15 Excessive proliferation and migration of
HASMCs directly accelerate the development of childhood asthma. In the current study, ASMCs were treated with 25 ng/
mL of PDGF-BB to mimic the asthma condition in vitro. Decreased level of CASC2 was detected in the cell models, the
expression trend was consistent with that in the serum of clinical patients. The gain and loss function experiments
uncovered that overexpression of CASC2 reversed the increased proliferation and migration of ASMCs induced by
PDGF-BB, while CASC2 knockout further intensified the abnormal cell behavior. The phenotypic switch of vascular
smooth muscle cells (VSMCs) is a key event in the pathogenesis of asthma. In PDGF-BB treated ASMCs, the reduced
expression of contractile phenotype marker (α-SMA) was detected, but the trend was reversed by CASC2 upregulation.
The results supported our assumption in terms of the crucial role of CASC2 in asthma.

Airway inflammation is present at all stages of asthma and underlies clinical symptoms and airway hyperrespon-
siveness. ASMCs can secrete inflammatory factors, which further aggravate airway remodeling.28 The present in vitro
experiments showed that PDGF-BB treated ASMCs can secrete more Th2 related cytokines, while the levels of Th1
related cytokines decreased, which was in accordance with the previous findings. Then the in vitro experiments
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prompted that elevating CASC2 inhibited the release of Th2 related cytokines, and elevated levels of Th1 related
cytokines. CASC2 has been reported to exert anti-inflammatory effects in a variety of diseases. As Min et al reported,
upregulation of CASC2 suppressed inflammatory factor release in high glucose (HG)-induced human renal mesangial
cells, thus relieving the progression of diabetic nephropathy.29 In acute lung injury, CASC2 can inhibit the inflamma-
tory response of cell models.11 In light of the anti-inflammatory action of CASC2 in asthma cell models, we deduced
that CASC2 might be involved in the progression of asthma via regulating Th1/Th2 imbalance and inflammatory
responses.

View from ceRNA theory, the action mechanism of CASC2 in asthma was further elucidated. Based on bioinfor-
matics analysis and luciferase report assay results, miR-31-5p is proved to be the target gene of CASC2. Clinically,
a negative association was also detected between serum CASC2 and miR-31-5p levels in asthma patients. Consistently,
elevated levels of miR-31-5p had been identified in both lung tissues and bronchoalveolar lavage fluid of asthma children
and may mediate asthma progression via regulation inflammatory response.30 Then the present in vitro studies indicated
that overexpression of miR-31-5p reversed the protective effect of CASC2 on ASMCs proliferation, migration,
inflammatory factor release and α-SMA. It can be envisioned that CASC2 may be involved in childhood asthma via
sponging miR-31-5p. However, in this study, only cell experiments were carried out. In future studies, animal experi-
ments are also meaningful to verify our present findings.

Conclusion
According to the present results, serum CASC2 is identified as a promising biomarker for the onset of asthma. CASC2
serves as a feasible positive regulator of ASMCs proliferation and migration and a negative mediator for cell inflamma-
tion. The present findings shed light on the interaction between CASC2 and miR-31-5p in asthma. In future studies, the
underlying mechanisms that govern lncRNA CASC2–miR-31-5p interaction in asthma will be further excavated.
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