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by upregulating NOVA2 via sponging miR-330-5p
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Abstract
Background: Circular RNAs (circRNAs) play a significant role in the tumorigenesis
and progression of diverse human cancers, including lung adenocarcinoma. A previ-
ous study suggested that circ_0004140 expression was increased in lung adenocarci-
noma cells. However, the molecular mechanism of circRNA circ_0004140 involved in
lung adenocarcinoma is poorly defined.
Methods: Circ_0004140, microRNA-330-5p (miR-330-5p), and NOVA alternative
splicing regulator 2 (NOVA2) expression were determined by real-time quantitative
polymerase chain reaction (RT-qPCR). Cell proliferation, apoptosis, migration, inva-
sion, and angiogenesis ability were assessed using 5-ethynyl-2’-deoxyuridine (EdU),
flow cytometry, wound healing, transwell, and capillary-like network formation assays.
Proliferating cell nuclear antigen (PCNA), cyclin D1, and NOVA2 protein levels were
detected using Western blot assay. The interaction between miR-330-5p and
circ_0004140 or NOVA2 was verified by dual-luciferase reporter assay. Xenograft
tumor model was utilized to assess the role of circ_0004140 in tumor growth in vivo.
Results: Circ_0004140 was upregulated in lung adenocarcinoma tissues and cell lines.
Circ_0004140 silencing suppressed cell proliferation, migration, invasion and tube for-
mation ability, and triggered the apoptosis of lung adenocarcinoma cells. Circ_0004140
acted as a molecular sponge for miR-330-5p, and miR-330-5p silencing largely reversed
circ_0004140 knockdown-induced effects in lung adenocarcinoma cells. NOVA2 was a
target of miR-330-5p, and NOVA2 overexpression might largely overturn miR-330-5p
overexpression-induced influences in lung adenocarcinoma cells. Circ_0004140 upregu-
lated NOVA2 expression via sponging miR-330-5p in lung adenocarcinoma cells.
Circ_0004140 silencing restrained xenograft tumor growth in vivo.
Conclusion: Circ_0004140 knockdown might suppress the malignant biological behav-
iors of lung adenocarcinoma cells via miR-330-5p-dependent regulation of NOVA2.
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INTRODUCTION

Lung adenocarcinoma belongs to non-small cell lung cancer
(NSCLC).1 Despite achievement in the diagnosis and treat-
ment of lung adenocarcinoma, a high rate of recurrence and
metastasis result in a dismal prognosis.1–3 Hence, much
hope is placed on identifying novel therapeutic targets to
improve the outcome.

Circular RNAs (circRNAs) are stable circular molecules,
and act as sponges of microRNAs (miRNAs) to regulate cell
behaviors.4–6 Increasingly studies have demonstrated the impor-
tant regulatory functions of circRNAs in lung adenocarcinoma.
For example, circ_0001588 aggravated lung adenocarcinoma
development by positively regulating NACC1 expression via
sponging miR-524-3p.7 Circ-ZNF609 accelerated growth in
lung adenocarcinoma via modulating miR-1224-3p/ETV1 axis.8
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Notably, a recent report validated that circ_0004140 abundance
was enhanced in lung adenocarcinoma, and acted as a carcino-
genic factor by boosting cell proliferation and migration
in vitro.9 Yet, the pathogenesis of circ_0004140 involved in lung
adenocarcinoma is still largely unknown.

MiRNAs modulate gene expression via direct binding
to them,10 and dysregulated miRNAs are relevant to lung
adenocarcinoma progression.11 MiR-330-5p has been
shown to exhibit anticancer function in multiple malig-
nancies. For instance, circ-PTN accelerated glioma devel-
opment via suppressing miR-330-5p and miR-145-5p.12

Wang et al. demonstrated that miR-330-5p hampered pro-
liferation capacity and invasion ability in osteosarcoma.13

MiR-330-5p acted as a downstream target of EWSAT1 to
suppress cervical cancer progression.14 MiR-330-5p also
blocked NSCLC progression by previous articles.15–17

Based on bioinformatic prediction, miR-330-5p was a
potential downstream molecule of circ_0004140. In this
study, the target relation between miR-330-5p and
circ_0004140 and their functional relevance in lung ade-
nocarcinoma progression were explored.

NOVA alternative splicing regulator 2 (NOVA2)
belongs to the NOVA family, and regulates the development
of motor neurons.18 NOVA2 has been previously reported
to exhibit a protumor role in NSCLC.19–22 Xiao et al. dem-
onstrated that miR-7-5p restrained the motility of NSCLC
cells by inhibiting NOVA2.19 NOVA2 is a possible target of
miR-330-5p via bioinformatic prediction. The relevance
between miR-330-5p and NOVA2 in lung adenocarcinoma
development has been investigated.

Here, the functions of circ_0004140 in lung adenocarci-
noma were analyzed and the working mechanism of
circ_0004140 was explored via bioinformatic analysis and
rescue experiments.

METHODS

Human tissue specimens

Lung adenocarcinoma specimens (n = 33) and adjacent nor-
mal specimens (n = 33) were harvested from lung adenocarci-
noma cases at West China Hospital, Sichuan University.
Tissue specimens were preserved at �80�C. The detailed clini-
cal characteristics of patients are described in Table 1. All
patients signed their written informed consent. Human mate-
rials were collected and used with the permission of the ethics
committee of West China Hospital, Sichuan University.

Cell lines

Normal cells (BEAS-2B) and two lung adenocarcinoma cell
lines (H522 and A549) were acquired in the BeNa culture
collection company (Beijing, China). Cells were cultivated in
Roswell Park Memorial Institute-1640 (RPMI-1640;
Hyclone, Logan, UT, USA) with a supplement of 10% fetal
bovine serum (FBS: Gibco) and 1% antibiotic mixture
(Transgen) in a 37�C and 5% CO2 humidified atmosphere.

Real-time quantitative polymerase chain
reaction (RT-qPCR)

Commercial TRizol solution (Invitrogen) was adopted to pre-
pare RNA samples. RNA samples were utilized for DNA gener-
ation using the First Strand complementary DNA (cDNA)
synthesis kit (Toyobo) and MiRNA reverse transcription
reagents (Applied Biosystems). After that, cDNA was utilized as
template DNA for RT-qPCR reaction with SYBR mix (Toyobo)
and specific primers (Table 2). With U6 or glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as the reference gene,
RNA expression was analyzed using the 2�ΔΔCt equation.

Stability analysis of circ_0004140

Total RNA samples isolated from lung adenocarcinoma cells
were digested with 100 μg/mL RNase R (Applied Biological
Materials) for 25 min at 37�C. RNA expression of circ_0004140
and YAP1 messenger RNA (mRNA) was assessed by RT-qPCR.

Cell transfection

Small interfering (si)RNA targeting circ_0004140
(si-circ_0004140), negative control of siRNA (si-NC), short

T A B L E 1 Clinicopathological features of patients with lung
adenocarcinoma.

Characteristic Cases

Gender

Male 18

Female 15

Age (years)

<60 16

≥60 17

Smoking status

Nonsmoker 14

Smoker 19

Tumour differentiation

Well/moderate 20

Poor 13

T stage

T1/2 18

T3 15

TNM Stages

I/II 19

III 14
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hairpin (sh) RNA targeting circ_0004140 (sh-circ_0004140),
sh-NC, overexpression plasmid of circ_0004140
(oe-circ_0004140), pLO-ciR vector (vector), miR-330-5p mimic:
5´-UCUCUGGGCCUGUGUCUUAGGC-3´, miR-330-5p inhi
bitor: 5´- GCCTAAGACACAGGCCCAGAGA-3´, and their
controls (miR-NC mimic: 5´-UUCUCCGAACGUGU
CACGUTT-3´ and miR-NC inhibitor: 5´-CAGUACUUUU-
GUGUAGUACAA-3´), si-NC: 5´-AAUUCUCCGAACGU-
GUCACGU-3´, si-NOVA2: 5´-UGUUGUAGCCGUAACUU
GCCA-3´, NOVA2 overexpression plasmid in pcDNA vector
(pcDNA-NOVA2) and pcDNA-NC were acquired from Gene-
seed (Guangzhou) and GenePharma (Shanghai). Oligonucleo-
tides and plasmids were introduced to lung adenocarcinoma
cells with commercial Lipofectamine 3000 reagent (Invitrogen).

5-ethynyl-2´-deoxyuridine (EdU) assay

In summary, 4 � 103 transfected H522 and A549 cells in
96-well plates were treated with 100 μL medium containing
EdU (20 μM, RiboBio) for 2 h. After being fixed in 4%
formaldehyde solution for 30 min, cells were permeabilized
with 0.5% Triton X-100. Ten minutes later, cells were
reacted with Apollo reaction cocktail for 30 min. Then,
40,6-diamidino-2-phenylindole (DAPI) was used to stain the
nuclei, which were visualized under a fluorescence
microscope.

Western blot assay

Protein samples were loaded onto sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and sepa-
rated protein bands were transferred to polyvinylidene difluor-
ide (PVDF) membrane (Millipore). Sealing was applied using
5% skimmed milk, and the membrane was mixed with anti-
bodies below to mark the target proteins. The primary

antibodies contained antiproliferating cell nuclear antigen
(PCNA; ab29; Abcam), anti-cyclin D1 (ab16663; Abcam),
anti-NOVA2 (AV40400; Sigma) and anti-β-actin (ab6276;
Abcam). The membrane was then mixed with the correspond-
ing secondary antibody (Abcam). β-Actin functioned as the
reference. After exposure to enhanced chemiluminescence
(ECL) reagent (Invitrogen), the protein bands were visualized.

Cell apoptosis analysis

Annexin V-fluorescein isothiocyanate (FITC) reagent and PI
reagent in a commercial apoptosis kit (BestBio) were incubated
with lung adenocarcinoma cells. Apoptotic cells (cells with
FITC-positive and PI-positive or negative) were identified
using the FACS CantoII flow cytometer (BD Biosciences).

Wound healing assay

A wound scratch was created when cell confluence reached
about 90% in six-well plates. After creating the wound for
0 h and 24 h, the images of the wound were captured, and
the relative migration distance was analyzed.

Transwell invasion assay

Matrigel (BD Biosciences) was added to the upper transwell
compartments in order to analyze cell invasion ability.
Transfected lung adenocarcinoma cells in medium (without
serum) were added to the above compartments, with the
lower compartments added with 20% FBS-contained culture
medium. Cells transferred to the lower surface were dyed via
0.5% crystal violet dye liquor (Sigma). Cell number was
manually counted using the light microscope (Olympus)
at 100�.

T A B L E 2 Primer sequences in RT-qPCR assay.

Gene name Species Direction Sequence (5´-3´)

Circ_0004140 Human Forward GGCAGGCAATGCGGAATATC

Reverse TCATGGCTTGTTCCCATCCA

YAP1 Human Forward TGACCCTCGTTTTGCCATGA

Reverse GTTGCTGCTGGTTGGAGTTG

miR-330-5p Human Forward GCCGAGTCTCTGGGCCTGTG

Reverse CTCAACTGGTGTCGTGGA

NOVA2 Human Forward GCAACACGGGAGTTTCCTCT

Reverse TCTCGTCCGTTCCTCACAAC

U6 Human Forward AATTGGAACGATACAGAGAAGATTAGC

Reverse TATGGAACGCTTCACGAATTTG

GAPDH Human Forward GAATGGGCAGCCGTTAGGAA

Reverse AAAAGCATCACCCGGAGGAG
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Capillary-like network formation assay

Cell angiogenesis ability was assessed in this assay. Lung ade-
nocarcinoma cells were added to Matrigel (BD Biosciences)-
coated 96-well plates with 2 � 104 cells in each well. After
48-h cultivation, the average number of branches of each node
was analyzed.

Establishment of circ_0004140/miR-330-5p/
NOVA2 axis

Bioinformatic software Circinteractome (https://
circinteractome.irp.nia.nih.gov) was utilized to predict the tar-
get miRNAs of circ_0004140, whereas the possible target
mRNAs of miR-330-5p were predicted based on the starBase
database (http://starbase.sysu.edu.cn).

Dual-luciferase reporter assay

The partial fragment of circ_0004140 or NOVA2, including
the wild-type or mutant predicted sequence with miR-330-5p,
was cloned to reporter vector psiCHECK2 (Promega), termed
as WT-circ_0004140, MUT-circ_0004140, WT-NOVA2 3’
untranslated region (3´ UTR) and MUT-NOVA2 3´ UTR. A
total of 10 pmol miR-330-5p mimic or miR-NC mimic was
cointroduced with the reporter plasmids into H522 or A549
cells. The luciferase intensity was evaluated via commercial
luciferase report analysis reagents (Promega).

RNA pulldown assay

In order to further verify the interaction between
circ_0004140 and many potential target miRNAs, RNA
pulldown assay was carried out in A549 cells. In brief, con-
trol probe or circ_0004140 probe was synthesized by Gene-
pharma, and incubated with M-280 streptavidin magnetic
beads (Invitrogen) for 10 min to make probe-coated beads.
Then, A549 cells were incubated with the probe-coated
beads. Finally, RT-qPCR assay was executed for the amount
of bound RNAs measurement.

Xenografts in nude mice

The animal assay was approved via the Ethics Committee of
West China Hospital, Sichuan University. Twelve BALB/c
strain nude mice were obtained from Vital River Laboratory
Animal Technology (Beijing, China). A549 cells (3 � 106

cells in 200 μL phosphate buffer saline [PBS; Sangon Bio-
tech]) stably transfected with sh-NC or sh-circ_0004140
were subcutaneously inoculated into the right flank of the
mice (n = 6). Tumor dimension was assessed every week as
volume = length � width2 � 0.5. On the 28th day, mice
were sacrificed and xenografts were resected. Tumor weight

was recorded. RT-qPCR and Western blot assay were
adopted to analyze the abundance of circ_0004140, miR-
330-5p, and NOVA2 protein. For immunohistochemical
(IHC) staining assay, after being fixed, dehydrated, and
embedded into paraffin, tumor tissue from the nude mice
was cut into 5 μm slices, with an antibody specific for Ki67.
Finally, a microscope was used to capture these images.

Statistical analysis

Data processing was applied via GraphPad software
(GraphPad) and student’s t-test or one-way analysis of vari-
ance (ANOVA), and analytical results are presented as a
form of mean ± standard deviation (SD). p < 0.05 denoted
a significant difference between the experimental and the
control group.

RESULTS

Circ_0004140 expression is upregulated in lung
adenocarcinoma tissues and cell lines

Circ_0004140 was generated from exons 4, 5, and 6 of the
YAP1 gene, and the end of exons 4 and 6 was back-spliced to
form the circular structure (Figure 1a). The expression profile
of circ_0004140 in lung adenocarcinoma was analyzed. Com-
pared with adjacent normal tissues (n = 33), circ_0004140
was upregulated in lung adenocarcinoma tissues (n = 33)
(Figure 1b). We also analyzed the level of circ_0004140 in
BEAS-2B and two lung adenocarcinoma cell lines. Compared
with the BEAS-2B cell line, a significant upregulation in
circ_0004140 expression was observed in two lung adenocarci-
noma cell lines (Figure 1c). Circ_0004140 was resistant to the
digestion of RNase R, and its linear counterpart YAP1 mRNA
was degraded in the RNase R treatment group (Figure 1d,e),
suggesting that circ_0004140 stably distributed in lung adeno-
carcinoma cells. The abnormal expression of circ_0004140
might imply its important function in lung adenocarcinoma.

Circ_0004140 knockdown blocks cell
proliferation, migration, invasion, the tube
formation and promotes the apoptosis of lung
adenocarcinoma cells

Si-circ_0004140 was utilized to specifically knockdown
circ_0004140 for loss-of-function experiments. Data exhibited
that circ_0004140 expression was apparently reduced, rather
than YAP1 mRNA expression, in si-circ_0004140-transfected
H522 and A549 cells, suggesting that the interference effi-
ciency of si-circ_0004140 was high in two lung adenocarci-
noma cell lines (Figure 2a and S1). With the silencing of
circ_0004140, EdU positive rates were dramatically reduced
(Figure 2b,c). Two cell proliferation-associated markers were
measured via Western blot assay. As shown in Figure 2d,e,
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with the interference of circ_0004140, the levels of PCNA and
cyclin D1 were both reduced. Circ_0004140 silencing markedly
increased the percentage of apoptotic cells (Figure 2f). The rate
of wound closure was significantly reduced in the
circ_0004140-silenced group relative to the si-NC-transfected
group (Figure 2g). The number of invaded lung adenocarci-
noma cells was also reduced in the circ_0004140-silenced
group compared with the si-NC-transfected group (Figure 2h),
suggesting that circ_0004140 knockdown restrained the inva-
sion of lung adenocarcinoma cells. The tube formation ability
of lung adenocarcinoma cells was tested by observing the
capillary-like structure via a capillary-like network formation
assay. As shown in Figure 2i, tube formation ability was mark-
edly suppressed in circ_0004140-silenced cells. Taken together,
circ_0004140 silencing inhibited the malignant properties and
induced the apoptosis of lung adenocarcinoma cells.

Circ_0004140 interacts with miR-330-5p in lung
adenocarcinoma cells

Based on circinteractome database analysis, eight potential tar-
get miRNAs (miR-1200, miR-136, miR-330-5p, miR-513-3p,
miR-515-5p, miR-584, miR-1270, and miR-620) of
circ_0004140 were predicted. For further selection, the miRNAs
pulled down by biotinylated probes were purified and analyzed
by RT-qPCR. Among the eight candidate miRNAs, only miR-
330-5p could be abundantly pulled down by circ_0004140
probe in A549 cells (Figure S1). Then, the binding sequence
between circ_0004140 and miR-330-5p is shown in Figure 3a.

Transfection with miR-330-5p mimic significantly upregulated
miR-330-5p expression in H522 and A549 cells relative to
miR-NC mimic-transfected group (Figure 3b). The luciferase
intensity of reporter plasmid WT-circ_0004140 was dramati-
cally decreased with the overexpression of miR-330-5p, whereas
the overexpression of miR-330-5p had almost no effect on the
luciferase intensity of mutant reporter plasmid (Figure 3c), sug-
gesting that miR-330-5p was a target of circ_0004140 in lung
adenocarcinoma cells. RT-qPCR verified the high transfection
efficiency of oe-circ_0004140 in H522 and A549 cells
(Figure 3d). The overexpression of circ_0004140 decreased
miR-330-5p level, whereas circ_0004140 silencing increased
miR-330-5p level in H522 and A549 cells (Figure 3e), demon-
strating the negative regulatory relationship between
circ_0004140 and miR-330-5p in lung adenocarcinoma cells.
MiR-330-5p expression was downregulated in lung adenocarci-
noma tissues and cell lines (Figure 3f,g). Overall, circ_0004140
acted as a molecular sponge for miR-330-5p in lung adenocar-
cinoma cells.

Circ_0004140 interference restrains the
malignant properties of lung adenocarcinoma
cells partly through elevating the miR-
330-5p level

Circ_0004140 silencing increased miR-330-5p, and we coin-
troduced lung adenocarcinoma cells with si-circ_0004140
and miR-330-5p inhibitor to perform compensation experi-
ments (Figure 4a). The silencing of miR-330-5p largely

F I G U R E 1 Circ_0004140 expression is upregulated in lung adenocarcinoma tissues and cell lines. (a) Circ_0004140 derived from back-splicing of exons
4, 5, and 6 of the YAP1 gene. (b) Real-time quantitative polymerase chain reaction (RT-qPCR) was applied to measure the level of circ_0004140 in lung
adenocarcinoma tissues (n = 33) and adjacent normal tissues (n = 33). (c) The expression of circ_0004140 in the BEAS-2B cell line and two lung
adenocarcinoma cell lines was detected by RT-qPCR. (d and e) The stability of circ_0004140 was assessed via RNase R digestion. The linear counterpart
(YAP1 mRNA) served as the control. *p < 0.05.
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F I G U R E 2 Circ_0004140 knockdown blocks cell proliferation, migration, invasion, tube formation and promotes the apoptosis of lung adenocarcinoma
cells. (a–i) H522 and A549 cells were introduced with si-NC or si-circ_0004140. (a) The level of circ_0004140 was detected in transfected lung
adenocarcinoma cells via RT-qPCR. (b and c) Cell proliferation was assessed by 5-ethynyl-2´-deoxyuridine (EdU) assay in transfected lung adenocarcinoma
cells. (d and e) The expression of two cell proliferation-associated markers (proliferating cell nuclear antigen [PCNA] and cyclin D1) was analyzed by
Western blot assay. (f) Cell apoptosis was analyzed by flow cytometry. (g) The migration ability was assessed by wound healing assay. (h) Cell invasion ability
was analyzed by transwell assay. (i) The capillary-like structure in different groups via capillary-like network formation assay was shown. *p < 0.05.
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rescued the cell proliferation ability in circ_0004140-silenced
lung adenocarcinoma cells (Figure 4b). Circ_0004140
knockdown-induced downregulation in the levels of PCNA
and cyclin D1 was largely overturned by the silencing of
miR-330-5p (Figure 4c), suggesting that circ_0004140
knockdown suppressed cell proliferation partly through
upregulating miR-330-5p. Circ_0004140 silencing-induced
apoptosis was largely counteracted by the knockdown of
miR-330-5p in H522 and A549 cells (Figure 4e). Through
performing wound healing and transwell assays, we found
that circ_0004140 silencing-induced suppressive effects on
the migration and invasion of lung adenocarcinoma cells
were largely attenuated by the addition of miR-330-5p
inhibitor (Figure 4f,g). The introduction of miR-330-5p
inhibitor largely rescued the tube formation ability of
circ_0004140-silenced lung adenocarcinoma cells
(Figure 4h). Overall, circ_0004140 silencing restrained lung
adenocarcinoma progression partly through upregulating
miR-330-5p.

MiR-330-5p interacts with NOVA2 in lung
adenocarcinoma cells

NOVA2 was a candidate target of miR-330-5p predicted by
the starBase database (Figure 5a). The overexpression of miR-
330-5p significantly reduced the luciferase intensity of wild-
type luciferase reporter plasmid (WT-NOVA2 3´ UTR) rather
than mutant plasmid (MUT-NOVA2 3´ UTR) (Figure 5b),
suggesting that NOVA2 was a target of miR-330-5p in lung
adenocarcinoma cells. RT-qPCR assay confirmed the high
silencing efficiency of miR-330-5p inhibitor in lung adenocar-
cinoma cells (Figure 5c). NOVA2 was negatively regulated by
miR-330-5p in H522 and A549 cells (Figure 5d). NOVA2 was
upregulated in lung adenocarcinoma tissues in mRNA and
protein levels (Figure 5e,f). Compared with the BEAS-2B cell
line, circ_0004140 was highly expressed in H522 and A549 cell
lines (Figure 5g). Additionally, Western blot assay displayed
that circ_0004140 silencing reduced NOVA2 protein expres-
sion, and its level was largely rescued in si-circ_0004140 and

F I G U R E 3 Circ_0004140 interacts with miR-330-5p in lung adenocarcinoma cells. (a) Bioinformatic software circinteractome predicted the potential
binding sequence between circ_0004140 and miR-330-5p. (b) Real-time quantitative polymerase chain reaction (RT-qPCR) was applied to verify the
transfection efficiency of miR-330-5p mimic in H522 and A549 cells. (c) Dual-luciferase reporter assay was adopted to confirm if miR-330-5p was a target of
circ_0004140 in lung adenocarcinoma cells. (d) The level of circ_0004140 was measured in H522 and A549 cells transfected with vector or oe-circ_0004140
by RT-qPCR. (e) The effect of circ_0004140 overexpression or knockdown on the level of miR-330-5p was tested by RT-qPCR assay. (f) The level of miR-
330-5p was analyzed in lung adenocarcinoma tissues and adjacent normal tissues by RT-qPCR. (g) The expression of miR-330-5p was detected in the BEAS-
2B cell line and two lung adenocarcinoma cell lines by RT-qPCR. *p < 0.05.
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miR-330-5p inhibitor cotransfected group in lung adenocarci-
noma cells (Figure 5h–j), suggesting that circ_0004140 posi-
tively regulated NOVA2 expression through sponging miR-
330-5p in lung adenocarcinoma cells. Overall, NOVA2 was a
target of miR-330-5p in lung adenocarcinoma cells.

NOVA2 overexpression largely overturns
miR-330-5p overexpression-mediated effects in
lung adenocarcinoma cells

At first, our data exhibited that NOVA2 knockdown might
repress lung adenocarcinoma cell proliferation and angiogen-
esis ability, and induce cell apoptosis, on the contrary,
NOVA2 overexpression might promote lung adenocarcinoma
cell proliferation and angiogenesis ability, and hinder cell
apoptosis (Figure S2). Furthermore, miR-330-5p overexpres-
sion decreased NOVA2 protein expression in lung adenocar-
cinoma cells, and we rescued the level of NOVA2 through
cotransfecting cells with miR-330-5p mimic and pcDNA-
NOVA2 (Figure 6a). MiR-330-5p overexpression hampered
lung adenocarcinoma cell proliferation ability, and the intro-
duction of NOVA2 plasmid largely rescued the malignant
properties (Figure 6b). MiR-330-5p overexpression reduced
the levels of PCNA and cyclin D1 in lung adenocarcinoma
cells, and the addition of NOVA2 plasmid largely upregulated

the levels of PCNA and cyclin D1 (Figure 6c,d). Cell apopto-
sis was triggered by miR-330-5p overexpression, and the
overexpression of NOVA2 restrained miR-330-5p-induced
apoptosis in lung adenocarcinoma cells (Figure 6e). Through
conducting wound healing assay and transwell assay, we
found that miR-330-5p overexpression-induced suppressive
effect on the migration and invasion ability of lung adenocar-
cinoma cells was largely overturned by the overexpression of
NOVA2 (Figure 6f,g). Beyond that, the angiogenesis ability of
lung adenocarcinoma cells was restrained by miR-330-5p
overexpression, and cell tube formation ability was largely
rescued with the introduction of pcDNA-NOVA2 plasmid
(Figure 6h). In addition, our data exhibited that the
upregulation of NOVA2 might partially abolish si-
circ_0004140- mediated cell proliferation and angiogenesis
ability inhibition, and cell apoptosis promotion in lung ade-
nocarcinoma cells (Figure S3). Taken together, miR-330-5p
overexpression restrained lung adenocarcinoma progression
partly through down-regulating NOVA2.

Circ_0004140 knockdown restrains tumor
progression in vivo

The xenograft tumor model was utilized to analyze the in vivo
role of circ_0004140. Circ_0004140 silencing markedly

F I G U R E 4 Circ_0004140 interference restrains the malignant properties of lung adenocarcinoma cells partly through elevating the miR-330-5p level. (a–i)
H522 and A549 cells were transfected with si-NC, si-circ_0004140, si-circ_0004140 +miR-NC inhibitor or si-circ_0004140 +miR-330-5p inhibitor. (a) The level
of miR-330-5p was measured in lung adenocarcinoma cells by real-time quantitative polymerase chain reaction (RT-qPCR). (b) Cell proliferation capacity was
tested by 5-ethynyl-2´-deoxyuridine (EdU) assay. (c and d) The levels of cell proliferation-associated proliferating cell nuclear antigen (PCNA) and cyclin D1 were
detected in transfected lung adenocarcinoma cells by Western blot assay. (e) Flow cytometry was applied to analyze the ratio of apoptosis of transfected lung
adenocarcinoma cells. (f) Wound healing assay was applied to assess cell migration ability. (g) Cell invasion ability was analyzed through performing transwell
invasion assay. (h) Capillary-like network formation assay was applied to analyze the tube formation ability of lung adenocarcinoma cells. *p < 0.05.
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restrained tumor growth (Figure 7a). Tumor weight was sig-
nificantly reduced in the circ_0004140-silenced group relative
to the sh-NC group (Figure 7b). Circ_0004140 expression and
NOVA2 protein level were significantly downregulated in the
sh-circ_0004140 group compared with the sh-NC group
(Figure 7c,d). The expression of miR-330-5p was markedly
upregulated in the sh-circ_0004140 group than that in the
sh-NC group (Figure 7c). In addition, IHC analysis verified
that Ki67 (a proliferation marker) expression in the
sh-circ_0004140 group was significantly reduced compared
with the sh-NC group (Figure 7e). Besides, the Kaplan-Meier

survival curves demonstrated that fraction survival of mice
with sh-circ_0004140 had a lower survival rate than those in
the sh-NC group (Figure 7f). These findings manifested that
circ_0004140 silencing suppressed tumor growth in vivo.

DISCUSSION

Lung adenocarcinoma is a primary type of NSCLC, and cir-
cRNAs are involved in the regulation of lung adenocarci-
noma progression.1 We demonstrated that circ_0004140

F I G U R E 5 MiR-330-5p interacts with NOVA2 in lung adenocarcinoma cells. (a) The potential binding sites of miR-330-5p in the 3´ UTR of NOVA2
were predicted by the starBase database. (b) The interaction between miR-330-5p and NOVA2 was tested by dual-luciferase reporter assay. (c) The level of
miR-330-5p was measured in H522 and A549 cells transfected with miR-NC inhibitor or miR-330-5p inhibitor by real-time quantitative polymerase chain
reaction (RT-qPCR). (d) The regulatory relation between miR-330-5p and NOVA2 was analyzed in lung adenocarcinoma cells. The protein level of NOVA2
was measured in H522 and A549 cells transfected with miR-NC inhibitor, miR-330-5p inhibitor, miR-NC mimic or miR-330-5p mimic by Western blot
assay. (e and f) The RNA level and protein level of NOVA2 in lung adenocarcinoma tissues and adjacent normal tissues were analyzed by RT-qPCR and
Western blot assay, respectively. (g) The level of NOVA2 protein was detected in BEAS-2B cells and two lung adenocarcinoma cell lines by Western blot
assay. (a–c) The protein expression of NOVA2 was detected in H522 and A549 cells transfected with si-NC, si-circ_0004140, si-circ_0004140 + miR-NC
inhibitor or si-circ_0004140 + miR-330-5p inhibitor by Western blot assay. *p < 0.05.
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F I G U R E 6 NOVA2 overexpression largely overturns miR-330-5p overexpression-mediated effects in lung adenocarcinoma cells. (a–h) H522 and A549
cells were transfected with miR-NC mimic, miR-330-5p mimic, miR-330-5p mimic + pcDNA-NC or miR-330-5p mimic + pcDNA-NOVA2. (a) Western
blot assay was adopted to measure the protein level of NOVA2 in transfected lung adenocarcinoma cells. (b) The cell proliferation ability was analyzed by
5-ethynyl-2´-deoxyuridine (EdU) assay. (c and d) The protein expression of proliferating cell nuclear antigen (PCNA) and cyclin D1 were analyzed via
Western blot assay. (e) Flow cytometry was carried out to measure the percentage of apoptotic lung adenocarcinoma cells. (f) Cell migration ability of
transfected lung adenocarcinoma cells was assessed via wound healing assay. (g) Cell invasion ability was assessed by transwell assay. (h) The tube formation
ability of transfected lung adenocarcinoma cells was analyzed via capillary-like network formation assay. *p < 0.05.

F I G U R E 7 Circ_0004140 knockdown restrains tumor progression in vivo. (a) Tumor volume was monitored every week for four weeks. (b) Tumor
weight was recorded at 4 week after inoculation. (c) The levels of circ_0004140 and miR-330-5p were analyzed in tumor tissues by real-time quantitative
polymerase chain reaction (RT-qPCR). (d) Western blot assay was applied to measure the protein level of NOVA2 in tumor tissues.
(e) Immunohistochemical staining was implemented to evaluate Ki67 content in removed tumor samples. (f) Fraction survival of mice with sh-NC or sh-
circ_0004140 was determined by Kaplan-Meier analysis.*p < 0.05.
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aggravated lung adenocarcinoma via miR-330-5p/NOVA2
cascade. This study is the first to show the target relation
between miR-330-5p and circ_0004140 or NOVA2.

Dysregulated circRNAs are associated with the nosogen-
esis of lung adenocarcinoma. For instance, circ-TSPAN4
abundance was enhanced in lung adenocarcinoma, and its
overexpression might aggravate progression in lung adeno-
carcinoma by modulating miR-665/ZEB1 signaling.23

Circ_0000326 expression was markedly upregulated in lung
adenocarcinoma, and it contributed to lung adenocarcinoma
development via sponging miR-338-3p.24 Circ_0004140
level was elevated in lung adenocarcinoma, and
circ_0004140 interference suppressed lung adenocarcinoma
progression via the miR-1184/CCL22.9 Consistent with this
former study, circ_0004140 abundance was found to be
enhanced in lung adenocarcinoma. More importantly,
circ_0004140 silencing repressed cell proliferation, migra-
tion, invasion, and angiogenesis and induced the apoptosis
of lung adenocarcinoma cells. These results manifested that
circ_0004140 exhibited an oncogenic role in lung
adenocarcinoma.

CircRNAs act as miRNA sponges to regulate cell
phenotypes in human diseases.5 We predicted the interac-
tions of circ_0004140-miRNAs and identified that miR-
330-5p was targeted by circ_0004140 in lung adenocarci-
noma cells. MiR-330-5p was reversely modulated by
circ_0004140, and it was downregulated in lung adenocarci-
noma. Cui et al. demonstrated that PCAT6 contributed to
malignant properties in NSCLC cells via suppressing miR-
330-5p.17 Bai et al. demonstrated that circ-PRKCA aggra-
vated NSCLC development through sponging miR-
330-5p.25 These studies manifested the antitumor role of
miR-330-5p in NSCLC. Similarly, we found that miR-
330-5p overexpression restrained the malignant behaviors of
lung adenocarcinoma cells. Additionally, circ_0004140
knockdown-induced effects were largely overturned by the
silencing of miR-330-5p, indicating that circ_0004140
silencing suppressed lung adenocarcinoma progression
partly through upregulating miR-330-5p.

MiR-330-5p-mRNAs interactions were predicted by bio-
informatic analysis, and we verified NOVA2 as a target of
miR-330-5p in lung adenocarcinoma cells. NOVA2 played a
protumor role in NSCLC. For instance, Xiao et al. found
that miR-7-5p blocked the metastasis of NSCLC
through downregulating NOVA2.19 Tan et al. found that
circ_0072088 accelerated the malignant properties of
NSCLC cells through upregulating NOVA2 via sponging
miR-377-5p.20 Circ_0000376 contributed to the develop-
ment of NSCLC by modulating miR-1182/NOVA2 signal-
ing.21 Li et al. demonstrated that circ_0046263 aggravated
NSCLC progression and metastasis through absorbing
miR-940 to upregulate NOVA2.22 Here, we found that
NOVA2 was reversely modulated by miR-330-5p in lung
adenocarcinoma cells. NOVA2 was highly expressed in lung
adenocarcinoma tissues and cell lines. NOVA2 overexpres-
sion largely counteracted miR-330-5p overexpression-medi-
ated effects in lung adenocarcinoma cells, demonstrating

that miR-330-5p hampered the malignant behaviors of lung
adenocarcinoma cells partly through reducing NOVA2
expression. Next, circ_0004140 was demonstrated to func-
tion as a miR-330-5p sponge to upregulate NOVA2 expres-
sion in lung adenocarcinoma cells.

Based on the oncogenic role of circ_0004140 in regulat-
ing cell phenotypes in vitro, we further confirmed the role of
circ_0004140 in tumor growth in vivo. Circ_0004140 knock-
down hampered xenografts growth in vivo, suggesting that
circ_0004140 played a protumor role in vivo. In the future,
more experiments need to be performed to analyze if the
miR-330-5p/NOVA2 axis is essential for the oncogenic role
of circ_0004140 in vivo.

In conclusion, circ_0004140 was highly expressed in
lung adenocarcinoma tissues and cell lines. Circ_0004140
contributed to cell proliferation, migration, invasion, and
angiogenesis, and restrained the apoptosis of lung adenocar-
cinoma cells via the miR-330-5p/NOVA2 axis. Our study
suggests novel potential targets for lung adenocarcinoma
therapy.
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