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hsa_circ_0058357 acts as a ceRNA to promote non-small cell
lung cancer progression via the hsa-miR-24-3p/AVL9 axis
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Abstract. Abnormal circular RNAs (circRNAs) are associ-
ated with biological processes in cancer; however, the function
of circRNAs remains largely unknown in non-small cell lung
cancer (NSCLC). The present study aimed to investigate
the role of hsa_circ_0058357 on the progression of NSCLC.
Cell proliferation, migration and apoptosis were determined
using Cell Counting Kit-8, Transwell and flow cytometry
assays, respectively. Gene [circRNA and microRNA (miR)]
and protein expression levels were determined via reverse
transcription-quantitative PCR and immunoblotting. A lucif-
erase assay was employed to detect the binding of miR-24-3p
with AVLO cell migration associated (AVL9), while a cancer
xenograft model was established to evaluate cancer growth
in vivo. The results demonstrated that hsa_circ_0058357
was highly expressed in human NSCLC tissues and NSCLC
cells compared with para-cancerous tissues and human
bronchial epithelial (HBE) cells, respectively. Knockdown of
hsa_circ_0058357 significantly suppressed cell viability, migra-
tion and tumor growth, while it promoted apoptosis in NSCLC
cells. As a competing endogenous RNA, hsa_circ_0058357
knockdown contributed to the increase of miR-24-3p expres-
sion in NSCLC cells. Of note, overexpression of miR-24-3p
markedly abolished the exogenous hsa_circ_0058357-induced
excessive proliferation, migration and apoptosis resistance of
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NSCLC cells. Mechanistically, as a signaling molecule in late
secretory pathway, AVL9 was also expressed at a high level in
NSCLC tissues and cells, which could be directly suppressed
by miR-24-3p. In the tumor tissues, along with growth
inhibition, hsa_circ_0058357 knockdown also mediated the
elevation of miR-24-3p and the reduction of AVL9. Thus, it
was suggested that hsa_circ_0058357 may be a crucial regula-
tion factor in NSCLC by sponging hsa-miR-24-3p, leading to a
decrease in miR-24-3p expression, and subsequent increase in
AVLO expression. Therefore, hsa_circ_0058357 may serve as
a potential target for diagnosis and gene therapy for NSCLC.

Introduction

As the most common type of lung cancer, non-small cell
lung cancer (NSCLC) accounts for 80-85% of all lung cancer
types (1). Lung cancer was the leading cause of cancer-related
mortality in the United States in 2020 (2). The activation
or inactivation of signaling pathways and the physiological
activities activated by multiple gene alterations, including
mutations, amplifications, deletions and fusions, aggravate
the disease progression of NSCLC (3). Despite significant
advances in therapeutic strategies of NSCLC, early diagnosis
remains a challenge, and thus, most patients are diagnosed
with advanced lung cancer, and these patients exhibit poor
prognosis (4,5). The limited efficacy of conventional chemo-
therapy and tumor metastasis are the predominant challenges
in the treatment of NSCLC (6), and so, the identification of
ideal diagnostic biomarkers for early detection and elucidation
of the mechanisms underlying NSCLC metastasis are urgently
required.

Circular RNA (circRNAs), a class of non-coding RNAs
(ncRNAs), can serve as competing endogenous RNAs
(ceRNAs) or microRNA (miRNA/miR) sponges, resulting in
miRNA degradation or translation inhibition (7). Dysregulated
circRNAs in cancer binds to the mRNA 3'untranslated
region (UTR) via miRNA response elements and affect the
characteristics of tumor cells (8.9).



2 WEI et al: REGULATION OF hsa_circ_0058357 ON NON-SMALL CELL LUNG CANCER

hsa_circ_0003998 upregulation accelerates the tumori-
genesis of NSCLC by elevating the expression level of Notch
receptor 1 via sponging miR-326 (10). On the basis of the
regulatory mechanism of ceRNAs, hsa_circ_0023404 also
induces tumor progression of NSCLC by regulating the
miR-217/zinc finger E-box-binding homeobox 1 axis (11).
Moreover, hsa_circ_0008305 inhibits TGF-p-induced
epithelial-mesenchymal transition (EMT) and metastasis
by regulating tripartite motif containing 24 (TRIM24)
in NSCLC (12). Therefore, the regulatory mechanism of
ncRNAs/miRNAs serves an important role during the
progression of NSCLC. Although the role of circRNAs on the
development of NSCLC has been extensively investigated,
the underlying mechanisms via which circRNA mediate
oncogenic pathways that are involved in NSCLC progression
remain poorly understood.

AVLY cell migration associated (AVLY9) is a crucial
conserved protein in the late secretory pathway and is
required for the generation of secretory vesicles, as well as
for actin polarization and polarized growth (13). Depletion
of AVLY results in secretory defects and the accumulation of
Golgi-like membranes (14). AVLY is a key regulatory factor
in intracellular trafficking and cell cycle progression, and
AVL9 knockdown-induced abnormalities are derived from
both aberrant intracellular trafficking and defective mitosis,
leading to an elevated rate of cell apoptosis (15). In colorectal
cancer, AVL9-mediated epithelial cell polarity control may
suppress colorectal tumor progression (16). These data suggest
that AVL9 may be a cancer driver candidate gene. A previous
study reported that LINC00662, which belongs to the class
of ncRNAs with length of >200 nucleotides known as long
ncRNAs (IncRNAs), initiates colorectal cancer progression and
metastasis by competing with miR-497-5p, which subsequently
represses the expression of AVLO (17). However, whether the
ncRNAs/miRNAs axis, especially circRNAs/miRNAs, affects
oncogenesis of NSCLC by targeting AVL9 remains poorly
understood.

Herein, the present study aimed to identify the expression
pattern of hsa_circ_0058357 [produced from the autophagy
related 9A (ATG9A) gene] in NSCLC. The current study
further investigated the underlying regulation mechanism of
hsa_circ_0058357 on the proliferation, migration, apoptosis
and tumor growth of NSCLC cells via sponging miR-24-3p
and regulating AVL9 expression. The present findings could
highlight the role of circ_0058357 in NSCLC and provide a
novel drug target for treating NSCLC.

Materials and methods

Subjects. A total of 20 fresh human NSCLC tissues and
paired-paracancerous tissues located 2 cm away from the
lesion were collected from patients with NSCLC (6 females and
14 males) at the Affiliated Hangzhou First People's Hospital
(Hangzhou, China) between March 2015 and September 2018.
The age of all patients ranged from 45-58 years. All samples
were analyzed retrospectively in this study. All experiments
were approved by the local Ethics Committee of Affiliated
Hangzhou First People's Hospital (ethical approval
no. 2016HZFPH-B072Z), and signed informed consent
was obtained from all the patients. All fresh samples were

immediately frozen in liquid nitrogen (-196°C) and maintained
for subsequent experimentations.

Cell culture and transfection. The human bronchial epithe-
lial (HBE) cell line and NSCLC cell lines, including H292,
A549, H1299 and H460, were obtained from the American
Type Culture Collection. Cells were all cultured in complete
growth medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc.) containing 10% FBS (cat. no. 10099-141; Gibco; Thermo
Fisher Scientific, Inc.) at 37°C with 5% CO,.

For cell transfection, A549 and H1299 cells were seeded at
a density of 5x10° in 6-well plates. After incubation overnight
at 37°C with 5% CO,, 2 pl circ_0058357 small interfering
(si)RNA (100 mM), circ_0058357 overexpression (OE)
plasmid or 50 M miR-24-3p mimic were transfected into
cells for 48 h using Lipofectamine® 2000 at room temperature
(cat. no. 11668-019; Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacture's introduction. The siRNA
targeting circ_0058357 and the miR-24-3p mimic were
synthesized by Guangzhou RiboBio Co., Ltd. (Table I). The
recombinant circ_0058357 OE plasmid was constructed using
PLCDH-ciR scrambled control vector (Biovector Science Lab,
Inc). Following 48 h of transfection, all cells were used for
subsequent experiments.

Cell Counting Kit (CCK)-8 assay. After transfection with
circ_0058357 siRNA or co-transfected with circ_0058357 OE
plasmid and miR-24-3p mimic, A549 and H1299 cells were
plated at 96-well plate at a density of 3x10°/well. After incuba-
tion for 24,48, 72 and 96 h at 37°C with 5% CO,, 10 ul CCK-8
(cat. no. BS350B; Biosharp Life Sciences) was added to each
well for an additional 4 h incubation at 37°C, according to the
manufacturer's protocol. Then, the absorption optical density
value of cells was determined using a microplate reader
(MULTISKAN MK3; Thermo Fisher Scientific, Inc.) at the
wavelength of 450 nm.

Flow cytometry. A549 and H1299 cells transfected with
circ_0058357 siRNA or the combination of circ_0058357 OE
plasmid and miR-24-3p mimic were digested using 0.25%
trypsin (Gibco; Thermo Fisher Scientific, Inc.) and resuspended
in 500 gl Annexin V binding-buffer. After adding 5 ul 7-AAD
and 10 g PI (Sigma Aldrich; Merck KGaA), the mixture of the
binding-buffer and cells was incubated for 20 min in darkness
at room temperature. Then, the proportion of apoptotic cell
was determined via flow cytometry (CytoFLEX; Beckman
Coulter, Inc.) and analyzed using ModFit LT software (v3.3;
Becton, Dickinson and Company). The apoptotic rate was
calculated based on the percentage of early and late apoptotic
cells. Each experiment was performed at least in triplicate.

Transwell and wound healing assays. Migration assays
of A549 and H1299 cells were detected using Transwell
chambers (cat. no. 353097; BD Biosciences). Briefly, 800 ul
complete medium containing 10% FBS was added into
the lower chambers. Then, 200 ul A549 and H1299 cells
(3x10° cells/ml) resuspended in DMEM were transferred to
the upper chambers and allowed to migrate at 37°C in 5% CO,
for 28 h. Subsequently, cells in the upper surface of top cham-
bers were removed using cotton swab. Cells migrating to the
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Table I. Sequences of siRNA circ_0058357.

Name Sequence

siRNA1 circ_0058357 5-GCTCATGCAGTTCCTCTTT-3'

siRNAZ2 circ_0058357 5'-GGATCCACCGGCTTATCAA-3'
siRNA3 circ_0058357 5-CCAGATCTGCATCCACAAA-3'
siRNA NC 5-TTCTCCGAACGTGTCACGT-3'

siRNA, small interfering RNA; circ, circular RNA; NC, negative
control.

bottom surface were stained for 20 min at room temperature
with 0.5% crystal violet dye (Sigma-Aldrich; Merck KGaA).
The number of migrated cells was counted using a DMR
inverted microscope (magnification, x40; OLYMP®S, IX51;
Olympus Corporation).

For the wound healing assay, cells were scratched to create
a linear wound with the pipette tip (200-u1) at the confluence
of 90-95%, which was followed by an incubation in serum-free
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
for 24 h. Then, cells were imaged using a light microscope
(magnification, x10) and the percent of wound closure was
calculated by analyzing the wound area using Image Pro Plus
(v7.0; Media Cybernetics, Inc.).

Western blot analysis. Total protein from cells and tumor
tissues was extracted using RIPA buffer (Beyotime Institute
of Biotechnology). Protein determination was performed
using a BCA kit (Beyotime Institute of Biotechnology). Equal
amounts of protein (30 pg) were subjected to 10% polyacryl-
amide gel electrophoresis for 2 h and then all protein was
transferred to a PVDF membrane. After blocking with 5%
skimmed milk for 1 h at room temperature, the activated
PVDF membrane was incubated with an antibody against
AVLDO (cat. no. GTX16209; 1:2,000; GeneTeX, Inc.) overnight
at 4°C. GADPH (cat. no. ab181602; 1:5,000; Abcam) served
as the internal control. The following day, the membrane
was incubated with the HRP-conjugated secondary antibody
(1:5,000; cat. no. BA1054; Boster Biological Technology) for
1 h at room temperature and the bands were visualized using
an ECL reagent (EMD Millipore). Densitometric analysis was
performed using Image Pro Plus software.

Luciferase assay. The target miRNAs of circ_0058357 were
identified using the online StarBase database (http://starbase.
sysu.edu.cn/index.php). Subsequently, the wild-type (WT)
or mutant (MUT) 3'-UTR sequence of AVL9 and WT or
MUT circ_0058357 were amplified using genomic DNA and
sub-clonedintotheregion directly downstream of the stop codon
in the luciferase reporter vector (pGL4-Basic system; Addgene,
Inc.). For the analysis of the relationship between circ_0058357
and miR-24-3p, A549 and H1299 cells were co-transfected
with 50 gM miR-24-3p mimic and 0.5 pg circ_0058357%T or
circ_0058357MVT plasmids using Lipofectamine 2000. For the
verification of the association between miR-24-3p and AVL9,
the two cell lines were co-transfected with miR-24-3p mimic
and AVLOYT or AVLOMYT plasmids. After transfection for

48 h, firefly and Renilla luciferase activities were measured
using the dual-luciferase reporter assay system (Promega
Corporation) and the luciferase activities were calculated
based on the ration between firefly luciferase activities and
Renilla luciferase activities.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from tumor cells and tissues and purified
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) and an RNeasy Mini kit (Qiagen, Inc.) according to the
manufacturer's instructions. Then, 10 ng RNA was reverse
transcribed into cDNA using a TagMan™ miRNA RT kit
(cat. no. 4366596; Thermo Fisher Scientific, Inc.) at 25°C for
5 min, 50°C for 15 min, 85°C for 5 min and 4°C for 10 min.
gPCR was subsequently performed using a SYBR Green
Master mix (Vazyme Biotech Co., Ltd.) on an ABI 7500
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The following thermocycling conditions were used for the
gPCR: Initial denaturation at 50°C for 2 min and 95°C for
10 min; followed by 40 cycles of 95°C for 30 sec and 60°C
for 30 sec. U6 and GAPDH served as the internal control.
All primer information of miRNA and circRNA is shown in
Table II. After the PCR reaction, the data were normalized to
the selected reference gene using U6 or GAPDH. Relative gene
expression levels were quantified using the 2244 method (18).

Xenograft model. Male nude mice (BALB/c; age, 4 weeks;
weight, 18-20 g) were purchased from Charles River
Laboratories, Inc., and housed in a specific-pathogen-free
room under a controlled temperature (20+2°C) and 45-55%
humidity. All mice were exposed to a 12-h light-dark cycle
with free access to standard rodent chow and water. All
experiments were approved by the Animal Ethics Committee
of The Affiliated Hangzhou First People's Hospital (approval
no. 2016HZFPH-AB19Z). After 1 week of adjustable feeding,
~0.2 ml (1x107/ml) A549 cells transfected with circ_0058357
shRNA or negative control (NC) shRNA, or cells that were
not transfected were inoculated subcutaneously into the right
flank of mice (n=8/each group). After 1 week of injection,
tumor size was detected once a week for consecutive 6 weeks.
Tumor growth rates were determined by measuring the two
orthogonal dimensional diameters of each tumor. Tumor
volumes were calculated according to the formula V=l4xa’xb
(with a=short axis, and b=long axis). At 7 weeks post-injection,
mice were sacrificed and the tumors were completely removed.
After imaging and weighing, the tumor tissues were stored
at -80°C for the subsequent assays. Mice were euthanasia via
an overdose of CO, (30% volume/min) in the following situ-
ations: Weight loss of >15% of mouse body weight, or mice
continued to suffer pain from the tumor burden, such as the
tumor diameter reaching to >2.5 cm and ulcerated tumors. In
this research, the long and short diameters of the largest tumor
were as follows: Long diameter, 1.55 cm; and short diameter,
1.12 cm.

Immunohistochemistry (IHC). Tumor tissues were fixed with
4% paraformaldehyde for >24 h at 4°C and embedded in
paraffin. For IHC assay, after heating in an oven for 30 min
at 60°C, 5-um thick slides of tumor tissues were deparaffinized
in xylene and rehydrated in gradient ethanol, then retrieved
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Table II. Primer sequences for reverse transcription-quantitative PCR.

Name Primer Sequence
GAPDH Forward 5-TCAAGAAGGTGGTGAAGCAGG-3'
Reverse 5-TCAAAGGTGGAGGAGTGGGT-3'
circ_0058357 Forward 5'-GCACAGGGCTGAAGTCGC-3'
Reverse 5'-GACCTTGACGGGTTCAGTAGG-3'
U6 Forward 5'-CGCTTCGGCAGCACATATAC-3'
Reverse 5-AAATATGGAACGCTTCACGA-3'
hsa-miR-24-3p Forward 5'-TGCGCGAGTTCAGCAGGAACAG-3'
Loop 5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTGTTCCT-3'

circ, circular RNA; miR, microRNA.
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Figure 1. Effects of circ_0058357 on the viability of NSCLC cells. (A) Relative expression level of circ_0058357 in human NSCLC tissues and paired-paracan-
cerous tissues as determined by RT-qPCR, (n=20/group). “P<0.01 vs. paracancerous. (B) Relative expression level of circ_0058357 in NSCLC cells, including
H292, A549, H1299, H460 and HBE cells as detected by RT-qPCR. “P<0.01 vs. HBE cells. (C) A549 and H1299 cells were transfected with siRNA NC and
circ_0058357 siRNA. Then, cell viability was measured using a Cell Counting Kit-8 assay at days 1, 2, 3 and 4 after incubation. “"P<0.01 vs. A549 cells/H1299
cells transfected with siRNA NC. HBE, human bronchial epithelial; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control; siRNA, small
interfering RNA; OD, optical density; circ, circular RNA; NSCLC, non-small cell lung cancer.

by 0.01 M citrate salt solution (pH 6.0) using a microwave
method. Then, endogenous peroxidase was blocked at room
temperature using 3% H,0, for 15 min. After blocking with
5% BSA (Beijing Solarbio Science & Technology Co., Ltd.)
for 1 h at room temperature, a primary antibody against
Ki67 (1:200; cat. no. ab15580; Abcam) was incubated with

slides at 4°C overnight and the slides were then washed
thrice with PBS-0.05% Tween 20. Subsequently, a secondary
antibody (1:500; cat. no. PV-9001; OriGene Technologies,
Inc.) was incubated with slides for an additional 15 min at
room temperature. Antigen-antibody complexes were visual-
ized using DAB staining buffer (cat. no. ZLI-9017; OriGene
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Figure 2. Effects of circ_0058357 on the apoptosis of non-small cell lung cancer cells. (A) A549 cells were transfected with siRNA NC and circ_0058357
siRNA. The proportion of apoptotic A549 cells was measured via flow cytometry. (B) Quantitative analysis of apoptotic A549 cells. (C) H1299 cells were
transfected with sSiRNA NC and circ_0058357 siRNA. The population of apoptotic H1299 cells was determined via flow cytometry. (D) Quantitative analysis
of apoptotic H1299 cells. “P<0.01. NC, negative control; siRNA, small interfering RNA; circ, circular RNA.

Technologies, Inc.). The image was observed under a biolog-
ical inverted microscope (magnification, x20; IX51; Olympus
Corporation).

Statistical analysis. All independent experiments were
performed at least in triplicate. Data are presented as the
mean + SD. The data for the luciferase assay results were
examined using an unpaired t-test. A paired Student's t-test
was employed to compare the difference between two groups.
Moreover, a mixed two-way ANOVA and a Bonferroni or
Sidak post hoc test was used for analysis where applicable.
One-way ANOVA with Bonferroni test was conducted to
analyze the differences among multiple groups (>2 groups)
using GraphPad Prism 6.0 (GraphPad Software, Inc.) software.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Knockdown of circ_0058357 inhibits the viability of NSCLC
cells. To investigate the role of circ_0058357 on NSCLC, its
expression pattern was firstly determined in human NSCLC
tissues and NSCLC cell lines. The relative expression level of
hsa_ circ_0058357 was significantly elevated by ~3.5-fold in

human NSCLC tissues compared with that in the paired-para-
cancerous tissues (Fig. 1A). Moreover, in comparison with
normal HBE cells, hsa_ circ_0058357 expression was upregu-
lated in the NSCLC cell lines, such as H292, A549, H1299
and H460, with the highest level in A549 cells and a moderate
increase in H1299 cells (Fig. 1B). Thus, A549 and H1299 cell
lines were selected to conduct the subsequent experiments.

Given the high expression level of circ_0058357, it was
suggested that it could be a tumor suppressor in NSCLC. First,
the specific siRNAs targeting circ_0058357 were screened.
Among the three candidate siRNAs, it was discovered that
circ_0058357 siRNA-2 had the strongest inhibition efficiency
on the expression of circ_0058357. Thus, circ_0058357
siRNA-2 was selected to perform the following experiments
(Fig. S1).

When knocking down circ_0058357 using specific siRNA,
the viability of both A549 and H1299 cells was significantly
repressed compared with that in cells transfected with NC
siRNA from days 2 to 4 (Fig. 1C). However, there was no
difference in cell viability between the blank and NC siRNA
groups. Therefore, the present data indicated that circ_0058357
was highly expressed in NSCLC tissues and NSCLC cells.
Moreover, the knockdown of circ_0058357 contributed to the
proliferation inhibition of NSCLC cells.
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Scale bar, 200 zm. (H) The healing rate was measured as the relative percent of wound closure. “"P<0.01. NC, negative control; siRNA, small interfering RNA;
cire, circular RNA.

Knockdown of circ_0058357 accelerates the apoptosis  was associated with programmed cell death in NSCLC cells.
of NSCLC cells. Next, it was determined whether the = Compared with the blank control A549 cells, the proportion
circ_0058357 knockdown-mediated decrease of cell viability = of apoptotic cells, including early and late apoptotic cells,
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was not affected by the transfection of siRNA NC, while
there was a 15% increase in the number of apoptotic cells
in circ_0058357-siRNA group compared with the siRNA
NC group (Fig. 2A and B). Consistently, in H1299 cells,
knockdown of circ_0058357 also enhanced the population of
apoptotic cells by ~20% when compared with cells transfected
with siRNA NC. Furthermore, exogenous siRNA NC had
no effect on apoptotic events in untransfected H1299 cells
(Fig. 2C and D). Thus, circ_0058357 knockdown-induced
proliferation inhibition may be associated with the elevation
of programmed cell death.

circ_0058357 knockdown impedes the migration of NSCLC
cells. Then, the effect of circ_0058357 knockdown on the
metastasis of NSCLC cells was determined. Based on the
Transwell assay results, a 40% reduction in migrated cells was
observed in A549 cells transfected with circ_0058357-siRNA
when compared with the siRNA NC group (Fig. 3A and B).
In the wound healing assay, circ_0058357-siRNA transfection
significantly inhibited healing rate of A549 cells compared with
cells transfected with siRNA NC (Fig. 3C and D). circ_0058357
knockdown also significantly limited the migratory ability
of H1299 cells, showing a 50% decrease compared with the

siRNA NC group (Fig. 3E and F). Consistently, circ_0058357
knockdown decreased the wound healing rate of H1299 cells
after 24 h of transfection compared with the siRNA NC group
(Fig. 3G and H). In both cell lines, the addition of siRNA NC
did not affect the cellular migration (Fig. 3A-H). Collectively,
circ_0058357 was suggested to be a key regulator during the
metastasis of NSCLC cells.

circ_0058357 knockdown restrains tumor growth of NSCLC
cells in vivo. Based on the tumor volumes at different time
point, it was identified that circ_0058357 shRNA transfection
slowed down the tumor growth rate, which presented a signifi-
cant difference compared with the sShRNA NC group, starting
5 weeks after injection (Fig. 4A). Additionally, knockdown of
circ_0058357 in A549 cells using shRNA significantly inhib-
ited tumor size and tumor weight by ~50% at the end of tumor
xenograft assay (Fig. 4B and C). Moreover, the siRNA NC did
not affect the tumor growth and tumor volume compared with
the blank control group. It was also found that both knock-
down of circ_0058357 and the shRNA NC in A549 cells did
not impact the body weight of the three groups (Fig. S2).
Next, the proliferative activity of tumor tissues in different
groups was assessed using an IHC staining assay with an
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Figure 5. An association between circ_0058357 and miR-24-3p in NSCLC cells. (A) Relative expression level of miR-24-3p in human NSCLC tissues and
paired-paracancerous tissues, as determined via RT-qPCR, (n=20/group). (B) Relative expression level of miR-24-3p in NSCLC cells, including H292, A549,
H1299 and H460, and HBE cells, as detected via RT-qPCR. (C) Transfection efficiency of miR-24-3p mimics, as determined via RT-qPCR in A549 cells.
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miR, microRNA.

antibody against Ki67. A low expression level of Ki67 was
observed in tumor tissues from circ_0058357-shRNA group
compared with that in the sShRNA NC group. Furthermore,
Ki67-positive cells in circ_0058357-shRNA group accounted
for only 14% of the Ki67-positive cells in tissues of sShRNA
NC group (Fig. 4D). Therefore, circ_0058357 knockdown
facilitated the tumor growth inhibition of NSCLC cell in vivo.

hsa-miR-24-3p is sponged by circ_0058357 in NSCLC cells.
Using the online StarBase database, the potential downstream
sponges of circ_0058357 were identified. Among the screened

miRNAs, the alignScore 26 of miR-24-3p was ranked in the top
five, and autophagy events were associated with miR-24-3p and
circ_0058357 (Table SI). Therefore, miR-24-3p was selected to
predict the regulatory mechanism of circ_0058357 on NSCLC.

A recent study revealed that hsa-miR-24-3p was lowly
expressed in lung adenocarcinomas (19). The present study
also found that miR-24-3p was lowly expressed in NSCLC
tissues and NSCLC cells compared with paracancerous tissues
and HBE cells, respectively (Fig. 5A and B). Interestingly,
it was predicted that circ_0058357 may be a ceRNA of
miR-24-3p by directly binding to the ‘GACTCGGT’ element
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Figure 6. Effects of miR-24-3p on the exogenous circ_0058357-mediated viability of NSCLC cells. A549 and H1299 cells were transfected with vector
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density; miR, microRNA.

of miR-24-3p (Fig. S3A). Next, A549 cells were transfected
with the miR-24-3p mimic, which significantly upregu-
lated the expression of miR-24-3p compared with mimic
NC-transfected cells (Fig. 5C). The luciferase results indicated
that miR-24-3p mimic transfection significantly suppressed
the luciferase activity of WT circ_0058357 both in A549
and H1299 cells, while the upregulation of miR-24-3p did
not affect the transcriptional activity of MUT circ_0058357
(Fig. 5D and E). It was also found that knockdown of
circ_0058357 promoted the expression level of miR-24-3p,
but miR-24-3p OE had no effect on the expression level of
circ_0058357 in both cells (Figs. 5F-H and S3B and C).
These data indicated that circ_0058357 can downregulate
the expression level of miR-24-3p by directly sponging it in
NSCLC cells.

miR-24-3p mimic abolishes the exogenous circ_0058357-
mediated proliferation promotion of NSCLC cells. Since
knockdown of circ_0058357 inhibited tumorigenesis of
NSCLC cells, it was suggested that OE of circ_0058357

could enhanced the oncogenesis of A549 and H1299 cells.
The promotion efficiency of circ_0058357 OE plasmid was
confirmed (Fig. S4). It was identified that the cell growth
curve was accelerated and cell proliferation was signifi-
cantly enhanced from days 2 to 4 in A549 cells transfected
with circ_0058357 OE plasmid compared with cells trans-
fected with vector (Fig. 6A and B). Moreover, exogenous
circ_0058357 induced proliferation in H1299 cells after
incubation for 2, 3 and 4 days (Fig. 6C and D). However,
when co-transfection with circ_0058357 OE and miR-24-3p
mimic, the exogenous circ_0058357-mediated promotion in
cell proliferation was notably rescued in both A549 and H1299
cells (Fig. 6A-D). Thus, miR-24-3p may act as a negative regu-
lator during circ_0058357-evoked tumorigenesis in NSCLC.

miR-24-3p mimic abrogates circ_0058357 OE-induced apop-
tosis inhibition and migration promotion. To further determine
the regulatory role of miR-24-3p on circ_0058357-initiated
biological behaviors of NSCLC cells, flow cytometry and
Transwell assays were employed in cells co-transfected with
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circ, circular RNA; OE, overexpression; miR, microRNA.

exogenous circ_0058357 and miR-24-3p. The results demon-
strated that OE of circ_0058357 repressed the number of
apoptotic cells by ~50% in A549 and H1299 cells (Fig. 7A-D).
However, the co-administration of miR-24-3p mimic not only
abolished the inhibition role of exogenous circ_0058357, but
also significantly amplified the proportion of apoptotic cells
in both cell lines, showing a 5-fold increase compared with
cells co-transfected with circ_0058357 OE and NC mimic,
and a 3-fold increase compared with the blank cells or cells
transfected with vector-NC (Fig. 7A-D).

In the Transwell assay, after the OE of circ_0058357, there
was a 1.5-fold elevation in the number of migrated A549 and
H1299 cells compared with the vector-NC group (Fig. 8A-D).
In comparison with the group of cells co-transfected with
circ_0058357 OE and NC mimic, the miR-24-3p mimic

significantly reversed the increase of cell metastasis induced
by circ_0058357 OE in both cells, and returned to a normal
level (Fig. 8A-D). Collectively, it was indicated that miR-24-3p
negatively regulated circ_0058357-induced cell migration or
the inhibition in apoptotic events.

miR-24-3p can inhibit AVL9 expression by directly binding its'
3'-UTR domain. As well as being a crucial protein in the late
secretory pathway, AVL9 is also considered as a cancer driver
candidate gene (16). Herein, it was found that the expression
level of AVL9 protein was higher in the tumor tissues from
patients with NSCLC compared with that in the paired-para-
cancerous tissues (Fig. 9A and B). In comparison with HBE
cells, there was a high expression level of AVL9 protein in
NSCLC cells (Fig. 9C).
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Using the prediction analysis from the online StarBase
database, it was observed that there was direct binding site of
miR-24-3p in the AVL9 gene (Fig. 9D). Utilizing the luciferase
assay, the binding of miR-24-3p to AVL9 was also confirmed in
both A549 and H1299 cells. The miR-24-3p mimic significantly
reduced the transcriptional activity of AVL9 in the WT 3-UTR
of AVL9 group, while there was no effect on the luciferase
activity in cells administrated with MUT 3-UTR of AVL9
(Fig. 9D). Of note, transfection with exogenous miR-24-3p mark-
edly decreased the protein expression level of AVL9 in NSCLC
cells (Fig. 9E). These findings suggested that AVL9 was directly
inhibited by miR-24-3p in NSCLC cells, and that AVL9 may be
the key switch in the circ_0058357/miR-24-3p axis during the
development of NSCLC.

A circ_0058357/miR-24-3p/AVL9 signaling axis is involved in
tumor development of NSCLC in vivo. Next, the relationship
between circ_0058357/miR-24-3p axis and AVL9 was assessed
in the tumor tissues from xenograft model. Tumors from mice
bearing A549 cells transfected with circ_0058357 shRNA had
a significant decline in the expression level of circ_0058357
compared with the shRNA NC group (Fig. 10A). On the
contrary, compared with the shRNA NC, miR-24-3p expres-
sion was significantly elevated by ~4-fold in tumor tissues when
circ_0058357 was knocked down (Fig. 10B). Additionally, the
protein expression level of AVLY was significantly decreased
in tumors of circ_0058357 shRNA group (Fig. 10C). It was
also found that transfection with ShRNA NC of circ_0058357
in A549 cells did not affect the circ_0058357/miR-24-3p/AVL9
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region.

signaling axis in tumor tissues (Fig. 10A-C). In summary, it
was suggested that AVL9 may be an important downstream
switch of the circ_0058357/miR-24-3p axis in the process of
tumorigenesis of NSCLC.

Discussion

To date, as a tumor driver gene, whether and how AVL9
contributes to the progression of NSCLC remains elusive. In
the present study, it was demonstrated that AVL9 was possibly
regulated by the circ_0058357/miR-24-3p signaling pathway,

thereby leading to the development of NSCLC. The present data
firstly indicated that the involvement of circ_0058357 could
accelerate tumor progress of NSCLC via a sponge-regulation
mechanism, thereby promoting the expression of AVL9.
Accumulating evidence has suggested that dysregulated
circRNAs contribute to carcinogenesis and tumor progres-
sion. For instance, in comparison with healthy subjects, both
hsa_circ_0014130 and hsa_circ_0020123 are upregulated in
NSCLC tissues and have a significant positive correlation with
TNM stage and lymph node metastasis, which demonstrates
good diagnostic potential (20,21). hsa_circ_0013958 can also
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Figure 10. Analysis of the association between circ_0058357, miR-24-3p and AVLO in mouse tumor tissues. A549 cells were transfected with shRNA NC and
circ_0058357 shRNA. Then, A549 cells were injected into the right frank of mice to establish tumor xenograft model. After 7 weeks post-injection, tumor
tissues were obtained and the relative expression levels of (A) circ_0058357 and (B) miR-24-3p were determined via reverse transcription-quantitative PCR.
(C) Protein expression level and semi-quantitative analysis of AVL9 in tumor tissues, as determined via immunoblotting. “P<0.01. NC, negative control;

miR, microRNA; AVL9, AVL9 cell migration associated; circ, circular RNA.

be considered as a potential non-invasive biomarker for the
early diagnosis of patients with NSCLC (22). In the current
study, circ_0058357 expression was notably enhanced in human
NSCLC tissues, while it was lowly expressed in paracancerous
tissues. However, a larger sample size is required to further inves-
tigate the application of circ_0058357 in diagnosing NSCLC. It
has been confirmed that hsa_circ_0075930 is highly expressed
in NSCLC, and its depletion impairs cell proliferation, migra-
tion and invasion potential by abolishing EMT progress (23).
Moreover, knockdown of hsa_circ_0007385 markedly reduces
tumor growth of NSCLC cells in vivo (24). These aberrant
circRNAs may be cancer-promoting genes and could be potential
therapeutic targets for NSCLC. In the present study, knockdown
of circ_0058357 repressed cancer properties, including cell
viability, cell migration and tumor growth in vitro and in vivo.
These data suggested that circ_0058357 could be a novel onco-
gene of NSCLC.

Previous research has shown that hsa_circ_0008305
[produced from protein tyrosine kinase 2 (PTK2) gene,
termed as circPTK2] inhibited TGF-f-induced EMT, and

thus, blunts cancer metastasis by controlling TRIM?24 in
NSCLC (12). However, circPTK?2 did not influence its parent
gene PTK?2 expression. Another previous study reported that
exon-intron or intron-derived circRNAs increased the tran-
scription of their parent gene, but exon-derived circRNAs
do not affect the expression of their parent genes (25).
However, the present study did not evaluate the regulatory
role of circ_0058357 on its parent gene ATG9A. ATGOYA is
an important target to develop new specific cancer therapies,
such as those for triple negative breast cancer and colorectal
cancer (26,27). Thus, if circ_0058357 can affect the expres-
sion of its parent ATG9A gene, this finding would have high
significance in the clinic.

While circRNAs have a low abundance, they are emerging
as key oncogenic stimuli in cancer (28). circRNAs work as
miRNA sponges (29). Most recently, circ_0002483 has been
confirmed to regulate the expression levels of cancer-related
genes by sponging miR-182-5p, thereby modulating
NSCLC progression (30). Furthermore, hsa_circ_0004015
acts as a sponge for miR-1183 to regulate its target gene
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3-phosphoinositide dependent protein kinase 1 and exerts
oncogenic effects in NSCLC (31). It has demonstrated
that miR-24-3p may act as an oncogene by targeting chro-
modomain helicase DNA-binding domain 5 in head and
neck squamous cell carcinoma and p27%"' in breast cancer,
respectively (32,33). Moreover, miR-24-3p can be regulated
by several IncRNAs in numerous types of cancer, including
hepatocellular carcinoma (34), prostate cancer (35) and lung
cancer (36). miR-24-3p is also sponged by circ_0080425
in diabetic nephropathy, leading to cell proliferation and
fibrosis inhibition (37). However, the sponge regulation of
miR-24-3p by circRNAs in NSCLC remains unknown. In the
present study, it was observed that miR-24-3p was directly
sponged by circ_0058357 in NSCLC cells. Moreover, exog-
enous miR-24-3p abolished the circ_0058357 OE-induced
tumorigenesis of NSCLC cells. These findings suggested that
circ_0058357-mediated carcinogenesis in NSCLC could be
primarily via sponging miR-24-3p.

As aforementioned, AVL9 may be considered as an onco-
gene in colorectal cancer (16). Herein, it was discovered that
AVLDO protein expression was higher in NSCLC tissues and
cells compared with in paracancerous tissues and HBE cells,
suggesting that AVL9 could also be a cancer-driven gene in
NSCLC. AVL9 can be directly regulated by miRNA in cancer
cells (17). The present study demonstrated that AVL9 was
the direct downstream target of miR-24-3p in NSCLC cells.
Additionally, in mouse tumor tissues, circ_0058357 knock-
down mediated the decline of miR-24-3p, and subsequently,
the increase of AVL9. It was indicated that circ_0058357
may positively regulate the expression of AVL9 by sponging
miR-24-3p in NSCLC cells.

Except for in colorectal cancer, the AVLO9 protein is also
downregulated by IncRNA CRPAT4-siRNA, thereby inhibiting
cell migration and proliferation in the absence of hypoxia-induc-
ible factor la in clear cell renal cell carcinomas (38). Of note,
AVL9 ablation notably suppresses the migration of A549
cells (39). Therefore, AVL9 may be the key downstream switch
in the progress of the circ_0058357/miR-24-3p signaling
axis-induced excessive cell proliferation, metastasis and tumor
growth of NSCLC cells. Mechanistically, the generation of
secretory vesicles in late secretory pathway serves a crucial role
in the progression of several types of cancer, such as NSCLC,
breast cancer and colorectal cancer (40,41). Rab GTPases define
the vesicle trafficking pathways underpinning cell polarization,
proliferation and migration, which involves AVL9 (39,42). As
a pivotal regulatory factor in the late secretory pathway, it was
suggested that the circ_0058357/miR-24-3p pathway-induced
carcinogenicity in NSCLC cells by elevating AVL9 expression
should be associated with vesicle secretion events. However,
the link between hsa_circ_0058357 and hsa-miR-24-3p/AVL9
should be investigated using the combination of AVL9 OE
plasmids and circ_0058357 shRNA in a xenograft model.
Additionally, a larger sample size of specimens should be
included in a future study.

In conclusion, the present study identified a novel circRNA,
circ_0058357, as a potential therapeutic biomarker in patients
with NSCLC. The functional experiments suggested the signifi-
cant promotion role of circ_0058357 on cell migration, migration
and tumor growth by positively regulating the expression level of
AVLD9 by sponging miR-24-3p. These findings encourage further

efforts to study the detailed regulatory mechanisms underlying
the circ_0058357/miR-24-3p/AVL9-mediated oncogenesis in
NSCLC progression.
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