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Abstract: This study aims to explore the function and
mechanism of exosomal circ_0000519 in non-small cell
lung cancer (NSCLC) development. Expression of circ_
0000519, microRNA (miR)-1258, and Ras homolog gene
family V (RHOV) in serum samples of NSCLC patients or
cell lines were examined via quantitative reverse tran-
scription-polymerase chain reaction and Western blot-
ting. The function of circ_0000519 was evaluated through
5-ethynyl-2′-deoxyuridine (EdU) staining, colony forma-
tion, transwell, Western blotting, xenograft, and immuno-
histochemistry analyses. The binding relationship was
evaluated by a dual-luciferase reporter assay and RNA
pull-down assay. Results showed that circ_0000519 abun-
dance was enhanced in the serum samples of NSCLC
patients and cells. circ_0000519 knockdown suppressed
the cell growth by decreasing the colony-formation ability
and Cyclin D1 expression and inhibited cell metastasis via
reducing migration, invasion, and levels of Vimentin and
matrix metalloproteinase 9 (MMP9). circ_0000519 over-
expression promoted cell growth and metastasis. circ_
0000519 was carried by exosomes and knockdown of
exosomal circ_0000519 suppressed the cell growth and
metastasis. miR-1258 was downregulated in NSCLC cells
and targeted by circ_0000519. RHOVwas targeted by miR-
1258 and upregulated in the NSCLC cells. miR-1258 knock-
down or RHOV overexpression attenuated the influence of
exosomal circ_0000519 knockdown on cell growth and
metastasis. Exosomal circ_0000519 knockdown decreased
xenograft tumor growth. Collectively, the knockdown of

exosomal circ_0000519 repressed the cell growth and
metastasis in NSCLC through the miR-1258/RHOV axis,
which provided a new insight into NSCLC development
and treatment.
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1 Introduction

Lung cancer is a frequent tumor with 2.09 million newly
diagnosed cases and 1.76 million deaths in 2018 globally
[1]. Non-small cell lung cancer (NSCLC) is the major his-
tological subtype of lung cancer accounting for ∼85% of
cases, including lung adenocarcinoma, squamous cell
carcinoma, and lung large cell carcinoma [2]. Significant
progress has been gained in the diagnosis and treatment
of NSCLC, but the 60-month survival of patients is poor,
especially in the advanced stage [3]. Hence, new thera-
peutic strategies are needed to improve the outcomes of
NSCLC.

Exosomes are single-membrane vesicles with a dia-
meter of ∼30 to ∼200 nm, which can be secreted by
most cells, and take part in cell-to-cell communication
in human health and diseases [4,5]. Exosomes can transfer
proteins, DNA, mRNA, and non-coding RNAs, which have
important roles in tumor growth, metastasis, and angio-
genesis [6,7]. The tumor-derived exosomes can be secreted
in the tumor environment, thus affecting cancer growth,
progression, metastasis, and drug resistance in NSCLC [8].
As reported, dendritic cell-derived exosomes can receive
immune signals and use a cell-free vaccine for cancer
immunotherapy [9]. Circular RNAs (circRNAs) are a type
of important non-coding RNAs, which can be enriched
in exosomes and dysregulated in human diseases, espe-
cially in cancers [10]. Moreover, circRNAs can partici-
pate in NSCLC progression via modulating microRNA
(miRNA)/mRNA networks [11]. Additionally, exosomal
circRNAs can regulate NSCLC growth, metastasis, and
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glycolysis, such as circRNA Rho GTPase-activating
protein 10 (ARHGAP10) and mediator of cell motility 1
(MEMO1) [12,13]. A previous report founds that hsa_
circ_0000519 (circ_0000519, also named hsa_circ_002178)
is an upregulated circRNA in lung adenocarcinoma, as
revealed by the GSE101684 and GSE101586 datasets, and
it can be transferred by exosomes to be involved in
immune therapy by regulating programmed death-ligand
1 (PDL1)/programmed cell death protein 1 (PD1) [14]. But,
the exact role and mechanism of exosomal circ_0000519
in NSCLC development are unknown.

MiRNAs are short non-coding RNAs that regulate var-
ious processes such as growth, apoptosis, metastasis, dif-
ferentiation, and metabolism, which have key roles in the
progression, diagnosis, and therapy of NSCLC [15,16]. miR-
1258 is a miRNA associated with the heparinase expression
and suppresses cell invasion in NSCLC [17]. Furthermore,
miR-1258 can inhibit cell proliferation and promote apop-
tosis in NSCLC by regulating growth-factor-receptor-
bound protein 2 (GRB2) [18]. Nevertheless, whether the
miRNA is regulated by circ_0000519 remains unknown.
Additionally, Ras homolog gene family V (RHOV) is
an overexpressed gene in NSCLC [19]. And, it may be
related to the poor prognosis of NSCLC [20]. However,
the function of RHOV in NSCLC has not been reported.
The bioinformatics analysis predicts that both circ_
0000519 and RHOV can bind with miR-1258, suggesting
the potential competitive mechanism among the three.
Yet, no study has clarified the network of circ_0000519/
miR-1258/RHOV in NSCLC.

The purposes of our study were to analyze the func-
tion of exosomal circ_0000519 on NSCLC growth and
metastasis and to confirm the network of circ_0000519/
miR-1258/RHOV in NSCLC progression. This study might
provide a novel mechanism for understanding the patho-
genesis of NSCLC.

2 Methods

2.1 Bioinformatics analysis

The information of circ_0000519 was provided by circBase
(http://circrna.org/). The downstream miRNAs of circ_
0000519 were searched from circinteractome (https://
circinteractome.nia.nih.gov/). The target mRNAs of miR-
1258 were searched from TargetScan (http://www.
targetscan.org/vert_71/).

2.2 Clinical samples

The serum samples were harvested from NSCLC patients
(n = 59) in JingmenNo.1 People’s Hospital. Age- and gender-
matched normal volunteers (n = 37) were used as controls.

Ethical approval: The present study was approved by
the ethical review committee of Jingmen No. 1 People’s
Hospital. Written informed consent was obtained from all
enrolled patients.

Informed consent: Patients agree to participate in this
work.

2.3 Cell culture

Lung squamous cell carcinoma cell line (H2170 cells),
lung large cell carcinoma cell line (H1299 cells), and
lung adenocarcinoma cell line (A549 cells)were purchased
from Procell (Wuhan, China) and cultured in Roswell Park
Memorial Institute (RPMI)-1640 medium (Gibco, Grand
Island, NY, USA) plus 10% fetal bovine serum (FBS)
(Gibco) and 1% penicillin/streptomycin (Gibco) at 37°C
and 5% CO2. Human bronchial epithelioid cell line (BEAS-
2B cells) was purchased from Procell and cultured in the
specific Bronchial Epithelial Cell Growth Medium (Lonza,
Hayward, CA, USA) at 37°C and 5% CO2.

2.4 RNase R and Actinomycin D assays

The circular structure of circ_0000519 was analyzed via
RNase R and Actinomycin D assays. For the Actinomycin
D assay, H2170, H1299, and A549 cells were incubated with
2μg/mL Actinomycin D (Sigma, St. Louis, MO, USA) for dif-
ferent time points. Next, the cells were lysed for RNA isolation,
and abundances of circ_0000519 andGAPDHweremeasured.

For RNase R assay, total RNA was exposed to 2 U/μg
RNase R (Geneseed, Guangzhou, China) for 20min and next
used for the detection of circ_0000519 and GAPDH levels.

2.5 Cell transfection

The circ_0000519 overexpression vector was constructed
via Geneseed, and the pCD5-ciR vector was regarded as a
negative control (vector). RHOV overexpression vector
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(pcDNA3.1-RHOV) was constructed in our laboratory with
a pcDNA3.1 vector (Thermo Fisher Scientific, Waltham,
MA, USA) alone as a negative control. The small-inter-
fering RNA (siRNA) for circ_0000519 (si-circ_0000519),
siRNA negative control (si-NC), miR-1258 mimic, nega-
tive control of mimic (miR-NC), miR-1258 inhibitor (anti-
miR-1258), and inhibitor negative control (anti-NC) were
generated via Genomeditech (Shanghai, China). The oli-
gonucleotide sequences are listed in Table 1. H2170,
H1299, or A549 cells were incubated with 2 μg vectors
or 20 nM oligonucleotides and 5 μL Lipofectamine 3000
(Thermo Fisher Scientific) for 12 h. Cells were harvested
for further studies after 24 h post-transfection.

2.6 Quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

Total RNA was extracted with Trizol (Thermo Fisher
Scientific) or an exosome RNA isolation kit (Norgen,
Thorold, Canada) and reversely transcribed to cDNA
using a miScript reverse transcription kit (Qiagen, Dus-
seldorf, Germany) or M-MLV Reverse Transcriptase kit
(Thermo Fisher Scientific). The generated cDNA was
diluted 10 times and used for qRT-PCR after being mixed
with SYBR (Thermo Fisher Scientific) and specific primer
pairs (Sangon, Shanghai, China). The qRT-PCR was con-
ducted on the CFX96™ Real-time PCR Detection System

(Bio-Rad, Hercules, CA, USA). The primer sequences are
designed and listed in Table 2. GAPDH (for circRNA or
mRNA) and U6 (for miRNA) acted as controls. The rela-
tive RNA level was measured according to the 2−ΔΔCt

method.

2.7 5-Ethynyl-2′-deoxyuridine (EdU)
staining

Cell proliferation was analyzed with a BeyoClick™ EdU
Cell Proliferation Kit with Alexa Fluor 594 (Beyotime,
Shanghai, China). In brief, 4 × 104 H1299, H2170, or
A549 cells were added to 24-well plates and incubated
for 24 h. Next, the cells were interacted with 10 μM EdU
for 2 h and treated with 4% paraformaldehyde (Beyotime)
and 0.3% Triton X-100 (Beyotime), followed by incubating
with the click reaction solution for 30 min. The nuclei
were stained with 4′,6-diamidino-2-phenylindole (DAPI;
Beyotime) for 10min. The Edu-positive cells were observed
with a fluorescence microscope (Olympus, Tokyo, Japan).

2.8 Colony formation assay

Cell growth was assessed via a colony formation assay.
Briefly, 800 H2170, H1299, or A549 cells were added to
6-well plates. After 10 days of culture, the colonies were
stained using 0.1% crystal violet (Solarbio, Beijing,
China) followed by taking pictures and calculating.

2.9 Transwell analysis

Cell migration and invasion were analyzed with 24-well
transwell chambers (Corning Inc., Corning, NY, USA).

Table 1: The oligo sequences for transfection in this study

Name Sequence (5′–3′)

si-circ_0000519 ACGCACUCAGCUCCCCGAAGC
si-NC UGCGUGAGUCCUCCCCGAAGC
miR-1258 mimic AGUUAGGAUUAGGUCGUGGAA
miR-NC CGAUCGCAUCAGCAUCGAUUGC
anti-miR-1258 UUCCACGACCUAAUCCUAACU
anti-NC UGAGCUGCAUAGAGUAGUGAUUA

Table 2: The primer sequences for qRT-PCR in this study

Name Sequence (5′–3′)

Forward Reverse

miR-1258 GCCGAGAGTTAGGATTAGGTC AGTGCAGGGTCCGAGGTATT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
circ_0000519 GCCCTAACAGGGCTCTCC CAGACCTTCCCAAGGGACAT
RHOV CAGTCACCTCCGAGCAGTTT TCTCCAAATCGGGGTTGAGC
GAPDH AATGGGCAGCCGTTAGGAAA GCGCCCAATACGACCAAATC
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In brief, for the migration assay, 1 × 105 H2170, H1299, or
A549 cells were resuspended in the non-serum RPMI-
1640medium and added to the upper chambers. The lower
chambers were filled with RPMI-1640 medium plus 10%
FBS as a chemoattractant. After a culture of 24 h, the cells
in the lower chambers were dyed using 0.1% crystal violet
and observed under a microscope (100× magnification;
Olympus). For invasion analysis, the transwell chambers
were pre-coated with Matrigel (Solarbio), and 5 × 105

H2170, H1299, or A549 cells were added to the upper cham-
bers. Other protocols were the same as the migration
assay. The migratory or invasive number of cells was
analyzed using Image J v1.6 (NIH, Bethesda, MD, USA).

2.10 Western blotting

The protein was extracted using radioimmunoprecipita-
tion assay buffer (Thermo Fisher Scientific). The samples
were quantified using a bicinchoninic acid kit (Thermo
Fisher Scientific), and 20 μg of samples were separated
via sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred on polyvinylidene fluoride mem-
branes (Bio-Rad). The membranes were incubated in 3%
bovine serum albumin for 1 h and next interacted with the
primary antibodies Cyclin D1 (ab226977, 1:500 dilution,
Abcam, Cambridge, UK), Vimentin (ab137321, 1:300 dilution,
Abcam), matrix metalloproteinase 9 (MMP9) (ab76003,
1:3,000 dilution, Abcam), cluster of differentiation (CD)
63 (ab216130, 1:200 dilution, Abcam), CD81 (ab109201,
1:2,000 dilution, Abcam), RHOV (sc-515072, 1:500 dilu-
tion, Santa Cruz Biotechnology, Santa Cruz, CA, USA),
and GAPDH (ab181603, 1:5,000 dilution, Abcam) over-
night. GAPDH functioned as a normalized control. The
blots were exposed to enhanced chemiluminescence
(Beyotime) and evaluated with Image J v1.6.

2.11 Exosome isolation, validation, and
incubation

After culturing for 48 h, the culture medium of H1299
cells was collected and centrifugated at 3,000×g for
15 min, followed via the use of exosome isolation with
an exosome isolation kit (Thermo Fisher Scientific) fol-
lowing the instructions. To inhibit the secretion of exo-
somes, H1299 cells were pre-treated with 20 μM GW4869
(Sigma) for 2 h before exosome isolation. The exosome str-
ucture was confirmed via transmission electron microscope

(TEM; JEOL, Tokyo, Japan). The particle size and con-
centration of the exosome were analyzed using Zeta-
View PMX 110 (Particle Metrix, Meerbusch, Germany).
The specific exosomal markers CD63 and CD81 were
measured by Western blotting. To investigate the role
of exosomes, H2170 and A549 cells were incubated
with 5 μg/mL exosomes for 24 h.

2.12 Dual-luciferase reporter and RNA
pull-down assays

The wild-type (WT) sequence of circ_0000519 or RHOV 3′
UTR with miR-1258 binding sites was cloned into the
pmir-GLO vector (Promega, Madison, WI, USA), gener-
ating the circ_0000519 WT and RHOV 3′UTR WT vectors.
The mutant (MUT) sequence containing the mutant sites
was used to construct the circ_0000519 MUT and RHOV 3′
UTR MUT vectors. The constructed vectors were co-trans-
fected with miR-1258 mimic or miR-NC into H2170, H1299,
or A549 cells with Lipofectamine 3000. After 24 h, luci-
ferase activity was determined through a dual-luciferase
reporter assay kit (Promega) following the instructions.

The RNA pull-down analysis was conducted with a
Pierce™ Magnetic RNA-Protein Pull-Down Kit (Thermo
Fisher Scientific) following the instructions. In brief, the
biotin-labeled miR-1258 (Bio-miR-1258) or Bio-miR-NC
was generated by the RNA 3′ end desthiobiotinylation kit
(Thermo Fisher Scientific) and transfected into H2170,
H1299 or A549 cells for 24 h. Next, 1 × 107 cells were lysed
and interacted with the streptavidin magnetic beads for
6 h. Then, enriched RNA was eluted, and circ_0000519
level was measured via qRT-PCR.

2.13 Xenograft model

The lentivirus-carrying short hairpin RNA (shRNA) for
circ_0000519 (sh-circ_0000519) or negative control (sh-
NC) was constructed by Genomeditech and transfected
into H1299 cells according to the instructions. The exo-
somes were isolated from the transfected cells and named
sh-NC-exo or sh-circ_0000519-exo. Five-week-old male
BALB/c nude mice (Vital River, Beijing, China) were
divided into two groups (n = 5/group), and subcuta-
neously injected with 5 × 106 H2170 cells. After 5 days,
the mice were injected with 30 μg sh-NC-exo or sh-circ_
0000519-exo twice a week at the tumor sites. Tumor
volume was detected every week, and calculated with
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the formula (0.5 × length × width2). No unexpected
deaths occurred during the study. After 30 days, mice
were euthanized through inhalation anesthesia of 5%
isoflurane (Sigma). Then tumors were harvested and
weighed. circ_0000519, miR-1258, and RHOV levels in
the tumors were detected. The procedures were per-
mitted via the Animal Ethics Committee of Jingmen
No.1 People’s Hospital.

2.14 Immunohistochemistry

The tumors were sectioned to 4 μm thickness, and the
sections were blocked by 3% H2O2. The sections interacted
with the primary antibody for Ki-67 (ab15580, 1:300 dilu-
tion, Abcam) overnight and horseradish peroxidase-labeled
IgG (ab6721, 1:1,000 dilution, Abcam) for 2 h, followed by
staining with diaminobenzidine (DAB; Beyotime). The
sections were observed under a microscope.

2.15 Statistical analysis

The experiments were conducted three times. Data were
shown as mean ± standard deviation (SD). The linear
correlation of RNA levels in NSCLC patients was analyzed
by the Pearson coefficient test. The difference was compared
via Student t-test or one-way analysis of variance with

the Tukey post hoc test, which was processed through
GraphPad Prism 8 (GraphPad Inc., La Jolla, CA, USA).
P < 0.05 predicted the significant difference.

3 Results

3.1 circ_0000519 level is elevated in NSCLC

To determine if circ_0000519 was involved in the NSCLC
development, circ_0000519 expression was detected in
NSCLC patients. The serum samples were harvested from
59 NSCLC patients and 37 normal subjects. circ_0000519
level was higher in the NSCLC patients than in the normal
group (Figure 1a). Moreover, circ_0000519 abundance was
enhanced in the H2170, H1299, and A549 cells when com-
pared with the BEAS-2B cells (Figure 1b). The information
of circ_0000519 was obtained from the circBase data-
base, which showed that circ_0000519 was derived from
the ribonuclease P RNA component H1 (RPPH1) gene at
chr14: 20811436-20811534 by back-splicing (Figure 1c).
Additionally, the circular structure of circ_0000519 was
validated in H1299, H2170, and A549 cells via Actinomycin
D and RNase R analyses. Results showed that the linear
GAPDH was decreased by the treatment of Actinomycin
D and RNase R, but circ_0000519 was resistant to Actino-
mycin D and Rnase R (Figure 1d and e, Figure A1). These

Figure 1: circ_0000519 level is increased in NSCLC. (a) circ_0000519 level was measured via qRT-PCR in the serum samples of NSCLC
patients (n = 59) or normal subjects (n = 37). (b) circ_0000519 abundance was detected via qRT-PCR in H2170, H1299, A549, and BEAS-
2B cells. (c) The information of circ_0000519 was searched from circBase. (d) circ_0000519 and GAPDH levels were measured by qRT-
PCR in H2170 and A549 cells after exposure to Actinomycin D for different time points. (e) circ_0000519 and GAPDH abundances were
determined via qRT-PCR in H2170 and A549 cells after the incubation of RNase R. *P < 0.05, **P < 0.01, and ***P < 0.001.
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results suggested that increased circ_0000519 was related
to NSCLC.

3.2 circ_0000519 overexpression facilitates
NSCLC cell growth and metastasis

To study the function of circ_0000519 in NSCLC develop-
ment, H1299 cells were transfected with si-NC, si-circ_
0000519, vector or circ_0000519 overexpression vector.
The efficacy of si-circ_0000519 or circ_0000519 overex-
pression vector is validated in Figure 2a and b, which
exhibited that circ_0000519 expression was markedly
reduced by transfection of si-circ_0000519 and increased
by the addition of circ_0000519 overexpression vector.
Moreover, circ_0000519 silence evidently decreased cell
growth, as revealed by EdU and colony formation assays
(Figure 2c and d). Additionally, circ_0000519 interference

significantly inhibited cell metastasis by decreasing the
migratory and invasive abilities of H1299 cells (Figure 2e
and f). Furthermore, the related protein levels were
detected, and results showed that circ_0000519 knock-
down led to obvious reductions of Cyclin D1, Vimentin,
and MMP9 (Figure 2g). In addition, circ_0000519 over-
expression increased the EdU-positive cells, colony for-
mation ability, migration, invasion, and the expression
of Cyclin D1, Vimentin, and MMP9 (Figure 2h–l). These
data indicated that circ_0000519 overexpression con-
tributed to NSCLC cell growth and metastasis.

3.3 H1299 cells can release exosomes

To explore if circ_0000519 could be transmitted by exo-
somes, the release of exosomes was analyzed in the H1299
cell medium. The morphology of exosomes was confirmed

Figure 2: circ_0000519 promotes NSCLC cell growth and metastasis. (a and b) circ_0000519 abundance was examined via qRT-PCR in the
H1299 cells with transfection of si-NC, si-circ_0000519, vector or circ_0000519 overexpression vector. (c and d) Cell growth was analyzed
using EdU staining and colony formation assays in the H1299 cells transfected with si-NC or si-circ_0000519. (e and f) Cell migration and
invasion were measured by a transwell assay in H1299 cells transfected with si-NC or si-circ_0000519. (g) Cyclin D1, Vimentin, and MMP9
levels were measured via Western blotting in the H1299 cells transfected with si-NC or si-circ_0000519. (h and i) Cell growth was detected
with EdU staining and colony formation assays in the H1299 cells transfected with vector or circ_0000519 overexpression vector. (j and k)
Cell migration and invasion were measured via the transwell analysis in the H1299 cells with transfection of vector or circ_0000519
overexpression vector. (l) Cyclin D1, Vimentin, and MMP9 abundances were determined with Western blotting in the H1299 cells transfected
with vector or circ_0000519 overexpression vector. ***P < 0.001.
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via TEM, which showed the typical oval-shaped extracel-
lular vesicles (Figure 3a). Moreover, the diameters of exosomes
were mainly in the range of 50–200nm (Figure 3b). Addition-
ally, specific exosomal markers were detected. High levels
of CD63 and CD81 were measured in the exosomes from
the H1299 cell medium but not detected in the cells with
pre-treatment of exosome release inhibitor (GW4869)
(Figure 3c). These results suggested that H1299 cells
could secrete exosomes.

3.4 Exosome-carried circ_0000519
modulates NSCLC cell growth and
metastasis

The exosomal circ_0000519 expression was markedly
decreased in the culture medium of H1299 cells transfected
with si-circ_0000519 (Figure 4a). To analyze whether
exosomal circ_0000519 could affect the NSCLC develop-
ment, the exosomes from the medium of si-NC or si-
circ_0000519-transfected H1299 cells (named si-NC-exo
or si-circ_0000519-exo) were exposed to H2170 and A549
cells. circ_0000519 levels were decreased in the H2170 and
A549 cells incubated with si-circ_0000519-exo compared
with these cells treated with si-NC-exo (Figure 4b). The
EdU-positive cells and colony-formation abilities of H2170
and A549 cells were markedly decreased in the si-
circ_0000519-exo-treated group compared with the si-
NC-exo-treated group (Figure 4c and d). Additionally,
cell migration and invasion were evidently reduced in
the H2170 and A549 cells treated with si-circ_0000519-
exo in comparison to these cells treated with si-NC-exo
(Figure 4e and f). Moreover, the levels of Cyclin D1,
Vimentin, and MMP9 were evidently downregulated in
the cells treated with si-circ_0000519-exo compared

with these cells treated with si-NC-exo (Figure 4g and h).
These results suggested that exosomal circ_0000519 could
regulate NSCLC cell growth and metastasis.

3.5 miR-1258 is sponged by circ_0000519

To reveal the potential mechanism modulated by circ_
0000519, the downstream miRNAs were predicted by
the circinteractome database. The predicted sites of
circ_0000519 within miR-1258 are displayed in Figure 5a,
suggesting that miR-1258 might be targeted by circ_
0000519. miR-1258 expression was decreased in NSCLC
patients when compared with normal subjects (Figure 5b).
Moreover, the miR-1258 level was markedly reduced in
H2170, H1299, and A549 cells when compared with the
BEAS-2B cells (Figure 5c). To validate the association
of circ_0000519 and miR-1258 in H2170, H1299, and
A549 cells, the circ_0000519 WT or circ_0000519 MUT
luciferase reporter vectors were constructed. miR-1258
mimic effectively decreased the luciferase activity of
circ_0000519 WT but had no significant effect on the
activity of circ_0000519 MUT (Figure 5d–f). Furthermore,
a high level of circ_0000519 was enriched by Bio-miR-1258
in the three cell lines (Figure 5g). In addition, miR-1258
abundance in NSCLC patients was negatively related to
circ_0000519 expression (r = −0.6289, P = 0.0075)
(Figure 5h). These data showed that circ_0000519 could
target miR-1258.

3.6 RHOV is targeted by miR-1258

To further explore the downstreamofmiR-1258, the targets of
miR-1258 were predicted by the TargetScan online database.

Figure 3: The exosomes are secreted by H1299 cells. Exosomes were isolated from the culture medium of H1299 cells. (a) The exosomes
were confirmed by TEM. Scale bar: 200 nm. (b) The diameter of exosomes was analyzed. (c) CD63 and CD81 levels were detected via Western
blotting in the exosomes from the culture medium of H1299 cells with or without pre-treatment of 20 μM GW4869 for 2 h.
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The target sequence of miR-1258 on RHOV is shown in
Figure 6a. Moreover, the RHOV expression was signifi-
cantly enhanced in NSCLC patients (Figure 6b and c).
Additionally, the RHOV level was evidently increased in
H2170, H1299, and A549 cells when compared with
the BEAS-2B cells (Figure 6d and e). To identify the rela-
tionship between miR-1258 and RHOV, the RHOV 3′UTR
WT and RHOV 3′UTR MUT luciferase reporter vectors

were constructed. miR-1258 overexpression caused obvi-
ous inhibition of luciferase activity of RHOV 3′UTR WT,
while the luciferase activity of RHOV 3′UTR MUT had no
response to miR-1258 introduction (Figure 6f–h). Further-
more, miR-1258 level in NSCLC patients was negatively
correlated with RHOV expression (r = −0.5875, P =
0.0005) (Figure 6i). These results showed that miR-
1258 could target RHOV.

Figure 4: Exosome-carried circ_0000519 regulates NSCLC cell growth and metastasis. (a) circ_0000519 expression was measured using
qRT-PCR in the exosomes of H1299 cells transfected with si-NC or si-circ_0000519. The exosomes were isolated from the H1299 cells
transfected with si-NC or si-circ_0000519 and then co-incubated with H2170 and A549 cells. (b) circ_0000519 level was measured with qRT-
PCR in H2170 and A549 cells after the co-incubation of exosomes. (c and d) Cell growth was analyzed using EdU staining and colony
formation assays in H2170 and A549 cells after co-incubation of exosomes. (e and f) Cell migration and invasion were examined through the
transwell analysis in H2170 and A549 cells after co-incubation of exosomes. (g and h) Cyclin D1, Vimentin, and MMP9 levels were measured
via Western blotting in H2170 and A549 cells after co-incubation of exosomes. ***P < 0.001.
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3.7 miR-1258 knockdown reverses the
influence of exosomal circ_0000519
downregulation on NSCLC cell growth
and metastasis

To analyze if miR-1258 was associated with exosomal
circ_0000519-mediated NSCLC development, H2170 and
A549 cells were transfected with anti-NC or anti-miR-1258
and then incubated with the exosomes from si-NC or si-
circ_0000519-transfected H1299 cells (named si-NC-exo
or si-circ_0000519-exo). The transfection of anti-miR-
1258 effectively decreased the miR-1258 abundance in

H2170 and A549 cells (Figure 7a). Moreover, miR-1258
knockdown attenuated the si-circ_0000519-exo-medi-
ated inhibition of EdU-positive ratio and colony-forma-
tion ability (Figure 7b and c). Furthermore, miR-1258
silence mitigated the suppressive effect of exosomal
circ_0000519 reduction on cell migration and invasion
(Figure 7d and e). Additionally, miR-1258 knockdown
alleviated the decreases of Cyclin D1, Vimentin, and
MMP9 levels induced by si-circ_0000519-exo (Figure 7f
and g). These data indicated that exosomal circ_0000519
downregulation inhibited the NSCLC cell growth and
metastasis via regulating miR-1258.

Figure 5: miR-1258 is sponged by circ_0000519. (a) The binding sites of miR-1258 and circ_0000519 were predicted by circinteractome. (b)
miR-1258 expression was examined via qRT-PCR in the serum samples of NSCLC patients (n = 59) or normal subjects (n = 37). (c) miR-1258
abundance was measured via qRT-PCR in H2170, H1299, A549 and BEAS-2B cells. (d–f) Luciferase activity was detected in the H1299, H2170
and A549 cells transfected with circ_0000519 WT or circ_0000519 MUT and miR-NC or miR-1258 mimic. (g) circ_0000519 level was
determined via qRT-PCR in cells after RNA pull-down analysis. (h) The linear correlation of miR-1258 and circ_0000519 levels in NSCLC
patients. ***P < 0.001.
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3.8 RHOV upregulation attenuates the
influences of exosomal circ_0000519
downregulation on NSCLC cell growth
and metastasis

To analyze if RHOV participated in the exosomal circ_
0000519-modulated NSCLC development, H2170 and
A549 cells were transfected with pcDNA3.1 or pcDNA3.1-
RHOV, and then, the transfected or non-transfected cells
were incubated with the exosomes from si-NC or si-
circ_0000519-transfected H1299 cells (named as si-NC-
exo or si-circ_0000519-exo). The overexpression efficacy
of pcDNA3.1-RHOV is confirmed in Figure 8a, which
induced a higher level of RHOV. Furthermore, RHOV over-
expression attenuated the si-circ_0000519-exo-modulated
inhibition of EdU-positive ratio and colony-formation
ability (Figure 8b and c). Additionally, RHOVupregulation
mitigated the inhibitory effects of exosomal circ_0000519
downregulation on cell migration and invasion (Figure 8d
and e). Moreover, RHOV restoration alleviated the decr-
eases of Cyclin D1, Vimentin, and MMP9 levels caused

via the addition of si-circ_0000519-exo (Figure 8f and g).
These results suggested that the exosomal circ_0000519
downregulation repressed the NSCLC cell growth and
metastasis by modulating RHOV.

3.9 Exosomal circ_0000519 downregulation
reduces xenograft tumor growth

To test the role of exosomal circ_0000519, H2170 cells
were subcutaneously injected into nude mice to establish
the murine xenograft model; after 5 days, the tumors
were treated with the exosomes from H1299 cells trans-
fected with sh-NC or sh-circ_0000519 (named sh-NC-exo
or sh-circ_0000519-exo). And, the mice were divided into
sh-NC-exo and sh-circ_0000519-exo groups (n = 5 per
group). As presented in Figure 9a and b, tumor volume
and weight were lower in the sh-circ_0000519-exo group
than in the sh-NC-exo group. Moreover, the immunohis-
tochemistry results showed that the Ki-67 level was clearly
decreased in the sh-circ_0000519-exo group (Figure 9c).

Figure 6: RHOV is targeted via miR-1258. (a) The binding sites of miR-1258 and RHOV were predicted by TargetScan. (b and c) RHOV
abundance was detected using qRT-PCR and Western blotting in the serum samples of NSCLC patients or normal subjects. (d and e) RHOV
abundance was measured via qRT-PCR and Western blotting in H2170, H1299, A549, and BEAS-2B cells. (f–h) Luciferase activity was
detected in the H1299, H2170, and A549 cells transfected with RHOV 3′UTR WT or RHOV 3′UTR MUT and miR-NC or miR-1258 mimic.
(i) The linear correlation of miR-1258 and RHOV levels in NSCLC patients. ***P < 0.001.
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Additionally, circ_0000519, miR-1258, and RHOV levels
were measured in the tumors. Results showed that circ_
0000519 and RHOV levels were markedly decreased, and
the miR-1258 level was elevated in the sh-circ_0000519-
exo group when compared with the sh-NC-exo group
(Figure 9d and e). These data suggested that exosomal
circ_0000519 downregulation reduced the NSCLC cell
growth in the xenograft model.

4 Discussion

NSCLC is the most frequent lung cancer with high mor-
tality worldwide [21]. Although the prevention and detec-
tion of NSCLC have gained great advances, the majority
of the cases are diagnosed with advanced or metastatic
diseases with a poor prognosis [22]. Exosomes are impor-
tant molecular vehicles that are involved in various pro-
cesses and are associated with the carcinogenesis and
therapy of NSCLC [23]. circRNAs are a type of cargoes
delivered via exosomes, which have important roles in

cell proliferation, apoptosis, metastasis, and resistance
in cancers [24]. Moreover, the circRNA/miRNA/mRNA
network is an important mechanism addressed by cir-
cRNA [11]. In our research, we first confirmed that exo-
somal circ_0000519 regulated NSCLC growth and metas-
tasis and found that the inner mechanism was related to
the miR-1258/RHOV axis.

According to the GSE101123 dataset, Zhao et al. rep-
orted that circ_0000519 was upregulated and was likely
associated with tumor development and therapy in breast
cancer [25]. Moreover, according to the GSE101684 and
GSE101586 datasets, Wang et al. found that circ_0000519
was enhanced in NSCLC and regulated the PDL1/PD1 exp-
ression [14]. Similarly, we also confirmed that circ_
0000519 was elevated in NSCLC tissues and cells, and
we first found the oncogenic function of this circRNA in
NSCLC by increasing cell growth and metastasis. Further-
more, Wang et al. also showed that circ_0000519 was
secreted by exosomes in NSCLC [14]. The tumor-derived
exosomes could take part in the NSCLC development [8],
such as circRNA ARHGAP10, circRNA MEMO1, and hsa_
circ_0002130 [12,13,26]. Here, we found that circ_0000519

Figure 7: miR-1258 knockdown attenuates the influence of exosomal circ_0000519 downregulation on NSCLC cell growth and metastasis.
H2170 and A549 cells were transfected with anti-NC or anti-miR-1258, and then, the transfected or non-transfected cells were incubated
with the exosomes from the H1299 cells transfected with si-NC or si-circ_0000519. (a)miR-1258 expression was detected by qRT-PCR in the
transfected cells. (b and c) Cell growth was evaluated via EdU staining and colony formation assays in the treated cells. (d and e) Cell
migration and invasion were examined via transwell analysis in the treated cells. (f and g) Cyclin D1, Vimentin and MMP9 abundances were
examined via Western blotting in the treated cells. ***P < 0.001.
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secreted by H1299 cells could affect cell growth and metas-
tasis in H2170 and A549 cells, indicating the tumor-derived
exosomal circ_0000519 might promote NSCLC develop-
ment via regulating tumor cell communication.

Given that circ_0000519 was mostly located in the
cytoplasm of NSCLC cells, and the circRNA/miRNA/mRNA
networks were the main mechanism for circ_0000519 [14];
here, we wanted to explore another network except for
the circ_0000519/miR-34a/PDL1 axis. We first confirmed
that circ_0000519 could sponge miR-1258 in NSCLC
cells. Zhang et al. reported that miR-1258 could repress
cell growth, invasion, and epithelial-to-mesenchymal
transition by targeting specific protein 1 (SP1) in oral
squamous cell carcinoma [27]. Hwang et al. suggested
that miR-1258 could inhibit cell proliferation and migra-
tion in colorectal cancer by decreasing cyclin-dependent
kinase regulatory subunit 1B (CKS1B) [28]. Moreover, miR-
1258 was reported to restrain cell proliferation, migra-
tion, and invasion in papillary thyroid cancer via regu-
lating transmembrane protease serine 4 (TMPRSS4) [29].
Additionally, miR-1258 could constrain cell prolifera-
tion, migration, and invasion, and regulate stem-like
cell properties in breast cancer via regulating lysine

demethylases 7A (KDM7A) [30]. These all suggested
the anti-growth and anti-metastatic roles of miR-1258
in human tumors. More importantly, Jiang et al. reported
that miR-1258 was downregulated in NSCLC and inhibited
cell proliferation, migration and angiogenesis by targeting
GRB2 [18], indicating the inhibitive influences of miR-1258
on the growth and metastasis of NSCLC. In the present
work, miR-1258 was lowly expressed in NSCLC tissues
and cells and negatively correlated with circ_0000519 in
NSCLC tissues. Further, we found that the exosomal
circ_0000519 could affect the NSCLC development by
modulating miR-1258.

Next, we explored the downstream of miR-1258 and
first confirmed that RHOV was targeted by miR-1258.
RHOV is an atypical member of Rho GTPases and plays
important roles in the cell cycle, cell adhesion, and
migration [31]. A previous study showed that RHOV was
associated with tumor growth in prostate cancer [32].
Moreover, RHOV was upregulated in NSCLC, and the
NSCLC patients with high expression of RHOV had poor
outcomes [19,20]. As described by Zhang et al., RHOV
could promote lung cancer cell proliferation, migration,
and invasion through the JNK/c-Jun pathway [33]. We

Figure 8: RHOV overexpression relieved the influence of exosomal circ_0000519 downregulation on NSCLC cell growth and metastasis.
H2170 and A549 cells were transfected with pcDNA3.1 or pcDNA3.1-RHOV, and then the transfected or non-transfected cells were incubated
with the exosomes from H1299 cells transfected with si-NC or si-circ_0000519. (a) RHOV expression was measured via Western blotting in
transfected cells. (b and c) Cell growth was analyzed using EdU staining and colony formation assays in the treated cells. (d and e) Cell
migration and invasion were examined by a transwell assay in the treated cells. (f and g) Cyclin D1, Vimentin and MMP9 abundances were
determined using Western blotting in the treated cells. ***P < 0.001.
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also found the increased RHOV in NSCLC tissues and
cells, which was also consistent with the data from the
Gene Expression Profiling Interactive Analysis (GEPIA;
http://gepia.cancer-pku.cn/detail.php). Besides, RHOV
expression was negatively correlated with miR-1258 exp-
ression in NSCLC tissues. Furthermore, we confirmed that
the exosomal circ_0000519 could control the NSCLC devel-
opment by regulating RHOV. Additionally, we confirmed
the role of exosomal circ_0000519 in NSCLC in vivo.

In conclusion, the exosomal circ_0000519 downregu-
lation inhibited the cell growth and metastasis in NSCLC,
possibly via regulating miR-1258 and RHOV. This research
provided a new mechanism for understanding the patho-
logy of NSCLC and identified a new target for the therapy
of NSCLC.

Acknowledgement: Not applicable.

Funding information: No funding was received.

Conflict of interest: The authors declare that they have no
competing interests.

Data availability statement: The analyzed data sets gen-
erated during the present study are available from the
corresponding author on reasonable request.

References

[1] Bade BC, Dela Cruz CS. Lung cancer 2020: epidemiology,
etiology, and prevention. Clin Chest Med. 2020;41:1–24.

[2] Herbst RS, Morgensztern D, Boshoff C. The biology
and management of non-small cell lung cancer. Nature.
2018;553:446–54.

[3] Duma N, Santana-Davila R, Molina JR. Non-small cell lung
cancer: epidemiology, screening, diagnosis, and treatment.
Mayo Clin Proc. 2019;94:1623–40.

[4] Pegtel DM, Gould SJ. Exosomes. Annu Rev Biochem.
2019;88:487–514.

[5] Salimi L, Akbari A, Jabbari N, Mojarad B, Vahhabi A, Szafert S,
et al. Synergies in exosomes and autophagy pathways for
cellular homeostasis and metastasis of tumor cells. Cell
Biosci. 2020;10:64.

[6] Dai J, Su Y, Zhong S, Cong L, Liu B, Yang J, et al. Exosomes:
key players in cancer and potential therapeutic strategy.
Signal Transduct Target Ther. 2020;5:145.

[7] Zhang Y, Liu Y, Liu H, Tang WH. Exosomes: biogenesis, biologic
function and clinical potential. Cell Biosci. 2019;9:19.

[8] Zheng H, Zhan Y, Liu S, Lu J, Luo J, Feng J, et al.
The roles of tumor-derived exosomes in non-small
cell lung cancer and their clinical implications. J Exp Clin
Cancer Res. 2018;37:226.

[9] Nikfarjam S, Rezaie J, Kashanchi F, Jafari R. Dexosomes as a
cell-free vaccine for cancer immunotherapy. J Exp Clin Cancer
Res. 2020;39:258.

[10] Guo X, Tan W, Wang C. The emerging roles of exosomal
circRNAs in diseases. Clin Transl Oncol. 2021;23:1020–33.

Figure 9: Exosomal circ_0000519 regulates xenograft tumor growth. The murine xenograft model was induced by injection of H2170 cells,
and tumors were treated with the exosomes from H1299 cells transfected with sh-NC or sh-circ_0000519 (named sh-NC-exo or sh-
circ_0000519-exo) after 5 days. (a and b) Tumor volume and weight were examined in each group. n = 5. (c) The Ki-67 level was detected
by an immunohistochemistry assay. (d and e) circ_0000519, miR-1258, and RHOV abundances were examined via qRT-PCR and Western
blotting in each group. ***P < 0.001.

838  Rui Wang et al.

http://gepia.cancer-pku.cn/detail.php


[11] Cai X, Lin L, Zhang Q, Wu W, Su A. Bioinformatics analysis
of the circRNA-miRNA-mRNA network for non-small cell lung
cancer. J Int Med Res. 2020;48:300060520929167.

[12] Fang K, Chen X, Qiu F, Xu J, Xiong H, Zhang Z. Serum-derived
exosomes-mediated circular RNA ARHGAP10 modulates
the progression of non-small-cell lung cancer through the
miR-638/FAM83F axis. Cancer Biother Radiopharm.
2022;37:96–110.

[13] Ding C, Xi G, Wang G, Cui D, Zhang B, Wang H, et al. Exosomal
circ-MEMO1 promotes the progression and aerobic glycolysis
of non-small cell lung cancer through targeting miR-101-3p/
KRAS axis. Front Genet. 2020;11:962.

[14] Wang J, Zhao X, Wang Y, Ren F, Sun D, Yan Y, et al. circRNA-
002178 act as a ceRNA to promote PDL1/PD1 expression in
lung adenocarcinoma. Cell Death Dis. 2020;11:32.

[15] Uddin A, Chakraborty S. Role of miRNAs in lung cancer.
J Cell Physiol. 2018.

[16] Ahn YH, Ko YH. Diagnostic and therapeutic implications of
micrornas in non-small cell lung cancer. Int J Mol Sci.
2020;21:8782.

[17] Liu H, Chen X, Gao W, Jiang G. The expression of heparanase
and microRNA-1258 in human non-small cell lung cancer.
Tumour Biol. 2012;33:1327–34.

[18] Jiang W, Wei K, Pan C, Li H, Cao J, Han X, et al. MicroRNA-1258
suppresses tumour progression via GRB2/Ras/Erk pathway
in non-small-cell lung cancer. Cell Prolif. 2018;51:e12502.

[19] Shepelev MV, Korobko IV. The RHOV gene is overexpressed
in human non-small cell lung cancer. Cancer Genet.
2013;206:393–7.

[20] Zhang Y, Zhang X, Lv X, Zhang M, Gao X, Liu J, et al.
Development and validation of a seven-gene signature for
predicting the prognosis of lung adenocarcinoma. Biomed Res
Int. 2020;2020:1836542.

[21] Reck M, Rabe KF. Precision diagnosis and treatment for
advanced non-small-cell lung cancer. N Engl J Med.
2017;377:849–61.

[22] Balata H, Fong KM, Hendriks LE, Lam S, Ostroff JS, Peled N,
et al. Prevention and early detection for NSCLC:
advances in thoracic oncology 2018. J Thorac Oncol.
2019;14:1513–27.

[23] Liu S, Zhan Y, Luo J, Feng J, Lu J, Zheng H, et al. Roles
of exosomes in the carcinogenesis and clinical therapy
of non-small cell lung cancer. Biomed Pharmacother.
2019;111:338–46.

[24] Seimiya T, Otsuka M, Iwata T, Shibata C, Tanaka E, Suzuki T,
et al. Emerging roles of exosomal circular RNAs in cancer.
Front Cell Dev Biol. 2020;8:568366.

[25] Zhao CH, Qu L, Zhang H, Qu R. Identification of breast
cancer-related circRNAs by analysis of microarray and
RNA-sequencing data: an observational study. Medicine
(Baltimore). 2019;98:e18042.

[26] Ma J, Qi G, Li L. A novel serum exosomes-based biomarker
hsa_circ_0002130 facilitates osimertinib-resistance in
non-small cell lung cancer by sponging miR-498. Onco
Targets Ther. 2020;13:5293–307.

[27] Zhang H, Jiang S, Guo L, Li X. MicroRNA-1258, regulated
by c-Myb, inhibits growth and epithelial-to-mesenchymal
transition phenotype via targeting SP1 in oral squamous
cell carcinoma. J Cell Mol Med. 2019;23:2813–21.

[28] Hwang JS, Jeong EJ, Choi J, Lee YJ, Jung E, Kim SK, et al.
MicroRNA-1258 inhibits the proliferation and migration of
human colorectal cancer cells through suppressing CKS1B
expression. Genes (Basel). 2019;10:912.

[29] Wang LJ, Cai HQ. miR-1258: a novel microRNA that controls
TMPRSS4 expression is associated with malignant
progression of papillary thyroid carcinoma. Endokrynol
Pol. 2020;71:146–52.

[30] Li W, Yang X, Shi C, Zhou Z. Hsa_circ_002178 promotes
the growth and migration of breast cancer cells and
maintains cancer stem-like cell properties through
regulating miR-1258/KDM7A Axis. Cell Transplant.
2020;29:963689720960174.

[31] Hodge RG, Ridley AJ. Regulation and functions of RhoU
and RhoV. Small GTPases. 2020;11:8–15.

[32] Peng YB, Zhou J, Gao Y, Li YH, Wang H, Zhang M, et al. Normal
prostate-derived stromal cells stimulate prostate cancer
development. Cancer Sci. 2011;102:1630–5.

[33] Zhang D, Jiang Q, Ge X, Shi Y, Ye T, Mi Y, et al. RHOV promotes
lung adenocarcinoma cell growth and metastasis through JNK/
c-Jun pathway. Int J Biol Sci. 2021;17:2622–32.

Exosomal circ_0000519 in non-small cell lung cancer  839



Appendix

Figure A1: The circular structure of circ_0000519 was identified by Actinomycin D and RNase R treatment assays. **P < 0.01, and ***P < 0.001.
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