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Circular RNA LONP2 regulates proliferation, invasion, and apoptosis of bladder 
cancer cells by sponging microRNA-584-5p
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ABSTRACT
Bladder cancer (BC) is the most frequent type of urinary tumor and a barely treatable disease. 
Although extensive efforts have been invested in the research of BC, the underlying etiology and 
pathophysiology remain unclear. CircLONP2 is a circular RNA implicated in the development of 
many cancers, and miR-584-5p and YAP1 have been reported to contribute to the progression 
of BC. In this research, we presented novel evidence supporting circLONP2/miR-584-5p/YAP1 axis 
as a novel regulatory module in the progression of BC. We analyzed the expression of circLONP2 
between precancerous BC samples and normal tissues using a published RNA-seq dataset. The 
expression of circLONP2 was also validated in clinical samples and cell lines by quantitative RT- 
PCR. Small interfering RNA (siRNA) and miRNA inhibitor was utilized to modulate the expression of 
circLONP2 and miR-584-5p and investigate their functions on cell proliferation and invasion. 
Luciferase reporter assay and RNA pull-down were performed to confirm the functional interac-
tions among circLONP2/miR-584-5p/YAP1. CircLONP2 was significantly upregulated in 
precancerous BC tissues and BC cells. CircLONP2 depletion inhibited cell viability, proliferation, 
and invasion of BC cell lines, which could be partially rescued by miR-584-5p inhibitor. Further 
experiments indicated that miR-584-5p regulates cell viability, proliferation, and invasion via 
directly targeting YAP1. In summary, our work indicates that circLONP2 plays an oncogenic 
function in BC by regulating miR-584-5p/YAP1 axis, and its interaction with miR-584-5p provides 
a potential strategy to target BC.
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Introduction

Bladder cancer (BC) is one of the most common 
malignancies in women and has the fourth highest 
incidence rate in men [1], which poses a serious 
threat to public health. BC can be further classified 
as different subtypes, such as non-muscle-invasive 
BC, muscle-invasive BC or as a metastatic form [2]. 
Among them, metastasis happens more frequently in 
muscle-invasive BC patients and usually correlates 
with poor prognosis [3,4]. The current treatments 
for diagnosed BC patients include an extended 
lymph node dissection, chemotherapies in neoadju-
vant and adjuvant settings, and immunotherapy 
with bacillus Calmette–Guerin; however, 5-year sur-
vival rate of metastatic BC is dismally low [5]. 
Therefore, understanding the underlying mechan-
isms of the invasion and metastasis of BC cells 
could provide valuable insights into the formulation 
of novel therapeutic intervention.

Circular RNAs (circRNAs) are a newly discov-
ered class of non-coding RNAs that are closed- 
loop RNAs produced from back-splicing of pre-
cursor mRNAs [6,7]. Emerging data have revealed 
that circRNAs are associated with cellular differ-
entiation and tissue homeostasis by targeting dif-
ferent downstream genes via post-transcriptional 
regulation [8,9]. For instance, circRNAs can mod-
ulate linear RNA transcription [10], act as 
microRNA (miRNA) sponges [11], interact with 
RNA-binding proteins (RBPs) [12], and are occa-
sionally translated into small peptides [13]. In 
particular, recent studies have implicated 
circRNAs in tumor growth, metastasis, and drug 
resistance of BC [14]. There is evidence that 
circLONP2 is highly expressed in colorectal cancer 
and plays an oncogenic role [15]. However, the 
expression level and biological role of circLONP2 
in BC remain to be investigated.

MicroRNAs (miRNAs) are a class of endogen-
ous non-coding RNAs with 18–22 nucleotides in 
length, which are capable of regulating translation 
or modulating degradation of target mRNAs via 
binding to the 3’-untranslated regions (3’-UTR) 
[16]. By binding to microRNAs, circRNAs often 
serves as a potent inhibitor of miRNA activity [7]. 
The deregulation of microRNAs is widely reported 
in multiple cancers, including BC [17–19]. 
A number of studies have shown that miR-584- 

5p is down-regulated in a variety of tumors and 
seems to function as a tumor suppressor [20–22]. 
Nevertheless, currently there is no reported role of 
miR-584-5p in BC. YAP1 (Yes1 Associated 
Transcriptional Regulator) is a major downstream 
effector of the Hippo pathway, which serves as 
a transcriptional regulator in cell proliferation 
and survival. Its nuclear localization is closely 
linked with the development and proliferation of 
neoplasia [23–25]. Therefore, understanding the 
regulation of YAP1 expression in BC could pro-
vide insights into the development of novel tar-
geted therapy.

In this study, we first showed that circLONP2 was 
significantly upregulated in precancerous BC tissues 
and BC cells. Since circLONP2 could interact with 
miR-584-5p based on the prediction by online bioin-
formatics tool, we hypothesized that circLONP2/ 
miR-584-5p axis may regulate the malignant pheno-
type pf BC cells. We performed molecular experi-
ments to validate the functional role of circLONP2 
in BC, as well as its interplay with miR-584-5p. We 
further showed that miR-584-5p could interact with 
YAP1 and negatively regulated its expression. 
Together, our work suggests that circLONP2 acts as 
an oncogenic factor by targeting miR-584-5p/YAP1 
axis, and its interaction with miR-584-5p provides 
a potential strategy for BC treatment.

Methods

Cell culture and treatment

BC cell lines (RT4, T24, EJ, UMUC3, 5637) and 
uroepithelium cell lines (SV-HUC-1) were 
obtained from the China Infrastructure of Cell 
Line Resource. All the cell lines were cultured in 
Dulbecco’s-modified Eagle’s medium (DMEM) 
(HyClone, USA) containing 10% FBS (FBS, 
Gibco, USA) and 100 IU/ml penicillin (GIBCO, 
UK) at 37°C in a humidified incubator.

Cell proliferation assay

Cell proliferation was evaluated with CCK-8 assay 
kit in 96-well culture plates as previously described 
[26]. 48 hours after transfection, cells were seeded 
in to a 96-well plate at a density of 2000 cell per 
well, and cultured for 0, 24, 48, 72 and 96 h. 10 μL 
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CCK8 reaction solution (Solarbio, Shanghai, 
China) was added to the cell culture at indicated 
time point and the cells were incubated for 1 h in 
a cell incubator. The light absorption value in each 
condition was captured at 450 nm wavelength on 
a microplate reader.

Cell transfection

Small interfering RNA (siRNA), and shRNA of 
circLONP2 and the negative control si-NC and sh- 
NC were purchased from Hanbio (Hangzhou, 
China). Transfection in T24 and 5637 cells was per-
formed with Lipofectamine 2000 (Invitrogen) based 
on manufacturer’s instruction. 50 nM of each mole-
cule was used for transfection in 6 well plate with 60– 
70% confluency, and functional experiments were 
performed 48 hours post-transfection.

Apoptosis

The detection of apoptosis was assessed using 
FITC Annexin V Apoptosis Detection Kit 
(Biolegend, California, USA), as previously 
described [27]. T24 and 5637 cells after different 
treatment were resuspended in Annexin V binding 
buffer at a concentration of 1.0 × 107 cells/mL. 
Subsequently, 5 μL Annexin V-FITC and 5 μL PI 
solution were added to the cell resuspension and 
the cells were incubated for 30 mins in the dark. 
Stained cells were centrifuged and washed twice 
with Annexin V binding buffer and resuspended 
in 400 μL Annexin V binding buffer. The percen-
tage of apoptotic events was analyzed by BD FACS 
CantoTM II Flow Cytometer (BD Biosciences).

Edu incorporation assay

Edu incorporation assay was performed as pre-
viously described [28]. Click-iT™ EdU Cell 
Proliferation Kit for Imaging, Alexa Fluor™ 555 
(Thermo Fisher Scietufic, USA) was used to detect 
cell proliferation. 1xEdU solution was added in the 
cell culture medium, and the cells were incubated 
for 2 h. The medium was discarded and cells were 
fixed with 100 µL of 3.7% formaldehyde in PBS for 
15 min at room temperature. After the removal of 
fixative solution, cells were washed twice with PBS 
and permeabilized with 100 µL of 0.5% Triton® 

X-100 in PBS for 20 min. Then 1 x Click-iT® 
reaction cocktail was added to premetallized cells 
for 30-min incubation. The staining cocktail was 
removed and cells was washed twice with PBS. 
Cells were counter-stained with 500 nM DAPI in 
PBS and the images were captured under Leica 
AM6000 microscope (Leica, Wetzlar, Germany).

Transwell migration and invasion assay

Transwell assay was performed as previously 
described [29]. For migration and invasion assay, we 
used transwell chambers without or with Matrigel 
(Corning, New York, Madison, USA). Cells were 
prepared at a density of 2 × 106 cells/mL, and then 
400 μL of cell suspension was inoculated into the 
upper chamber in serum-free medium, while 10% 
FBS-DMEM was added to the lower chamber. After 
incubation at 37°C for 24 h, cells were fixed with 10% 
methanol (Biotechnology, Shanghai, CN) for 10 min 
and stained with 0.5% crystal violet (Solarbio Co., Ltd, 
Beijing, CN) for 20 min at room temperature. Then, 
the stained cells were counted under a light micro-
scope (Olympus, Tokyo, Japan).

Luciferase reporter assays

Luciferase reporter assay was performed according 
to previously described [29]. PmirGLO dual- 
luciferase reproters (Promega, Madison, WI, 
USA) containing WT binding sequence for miR- 
584-5p or mutated sequence were co-transfected 
with miR-584-5p mimic or miR-NC at 100 nM 
using Lipofectamine 2000 reagent. After 48 h, the 
relative luciferase activities were measured using 
Dual-Luciferase Reporter Assay Kit (Promega) on 
a Fluoroskan Ascent FL plate reader (Thermo 
Scientific, USA). The relative firefly luciferase 
activity in the reporter plasmid was normalized 
to that of Renilla luciferase.

RNA pull-down

RNA pull-down experiment was performed as 
described in previous study [30]. Cell lysates were 
collected by IP lysis buffer (Beyotime, Shanghai, 
China) and were incubated biotinylated miR-584- 
5p and Control miR-NC. Ten percent of the lysates 
was reserved as the input. The mixture was further 
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incubated with M-280 streptavidin magnetic beads 
(Sigma-Aldrich, Germany) at 4°C for 4 h. 
A magnetic bar was used to pull down the magnetic 
beads and associated nucleic acids. The beads were 
washed 4 times with lysis buffer, and the total RNA 
in the input and the pull-down samples were purified 
with Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s protocol. qRT-PCR 
was performed to quantify the relative expression of 
circLONP2 in each sample.

RNA FISH

RNAscope kit (Invitrogen, CA, United States) was 
used to perform fluorescence in situ hybridization 
(FISH) according to manufacturer’s instructions. 
Briefly, cells were fixed with 4% paraformaldehyde 
and permeabilized with 0.1% Triton X100. 
circLONP2 probe with Cy3 fluorescent dye 
(RiboBio Co. Ltd., Guangzhou, China) was applied 
at 50 nM for hybridization for 3 hours at 50° . 
Cells were placed on the slide in mounting media 
containing DAPI (Vector Lab, Inc., Burlingame, 
CA, United States). Images were observed under 
Leica AM6000 microscope (Leica, Wetzlar, 
Germany).

Databases

Circinteractome was utilized to computationally 
predict the miRNA targets of circLONP2. Gene 
Expression Profiling Interactive Analysis 
(GEPIA: http://gepia.cancer-pku.cn/index.html) 
was used to analyze the level of circLONP2 
in BC samples. The Starbase was used to analyze 
the binding sequence between miR-584-5p and 
YAP1 mRNA.

Western blot analysis

Western blot was conducted as described in our 
previous study with modifications [31]. 10–30 ug 
of total protein samples were loaded to 12% SDS- 
PAGE gel for electrophoresis. Separated protein in 
SDS-PAGE gel was transferred onto the PVDF 
membrane and the membrane was blocked with 
5% skimmed milk for 1 h. The membrane was 
then incubated with primary antibodies: anti- 
YAP1 (1:1000, Affinity, CN) and anti-β-actin 

(1:5000, GeneTex, USA). The membrane was 
washed 3 times with TBST buffer and further 
incubated with HRP-linked secondary antibody 
(1:3000; Cell Signaling Technologies, MA, USA) 
at room temperature for 1 h. The protein bands 
were visualized using an enhanced chemilumines-
cence kit (Santa Cruz, TX, USA,) and photo-
graphed on a gel imager system (Bio-Rad, 
Hercules, CA, USA).

Patients and tissue samples

Primary BC tumor samples and para-cancerous 
normal tissues were collected from surgical 
waste from patients diagnosed with BC at The 
Affiliated Nanping First Hospital of Fujian 
Medical University. The clinical parameters of 
the patients are summarized in Table 1. The 
study was approved by the Institutional Ethics 
Committee of the Affiliated Nanping First 
Hospital of Fujian Medical University. All 
patients signed informed consent.

Table 1. Correlation of circLONP2 with clinical features of BC 
patients.

Chinicopathological 
characteristics Total

high 
expression

low 
expression X2 P value

Gender
male 26 16 10 0.156 0.693
female 34 19 15
Age
≤60 33 20 13 0.194 0.660
>60 27 15 12
Tumor size
T1 12 2 10 17.196 0.001
T2 15 7 8
T3 14 9 5
T4 19 17 2
Distant metastasis
Positive 35 28 9 11.944 0.001
Negtive 25 7 16
Differentiation
high 25 20 5 13.413 0.001
moderate 23 13 10
poor 12 2 10
Lymph node 

metastasis
Positive 29 25 7 11.051 0.001
Negtive 31 10 18
TNM stages
I 14 2 12 18.104 0.000
II 13 7 6
III 12 8 4
IV 21 18 3
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Quantitative RT-PCR

According to our previous study [31], total RNA was 
extracted by TRIzol Reagent (Invitrogen, Carlsbad, 
CA, USA) as per the instruction. 1 µg of total RNA 
was converted into cDNA using the PrimeScript RT 
kit (Takara, Tokyo, Japan). qPCR was conducted to 
analyze gene expression using SYBR Green® Premix 
Ex Taq (Takara) using a 7500 Real-Time PCR System 
(Applied Biosystems, Carlsbad, CA, USA). The PCR 
cycling condition used: 95°C 2 mins, 40 cycles of 95°C 
30 sec, 60°C 30 sec and 72°C 60 sec. 2–∆∆Ct method 
was used to analyze the relative expression level and 
GAPDH was used as the internal reference gene. For 
nucleoplasm fraction experiment, the nuclear and 
cytoplasmic faction was extracted using NE-PER™ 
Nuclear and Cytoplasmic Extraction Reagents 
(Thermo Fisher Scientific, Carlsbad, CA, USA). The 
primer sequences were as follows (from 5’ – 3’): 
circLONP2 forward primer: GACTGAGAGAGAAG 
GCGCAC, reverse primer: TGGGTTGTTCACTCCC 
ACAG; miR-584-5p forward primer: TTATGGTTT 
GCCTGGGACTGAG, reverse primer: GCGAGCA 
CAGAATTAATACGAC; GAPDH froward primer: 
TGCACCACCAACTGCTTAGC, reverse primer: 
GGCATGGACTGTGGTCATGAG; and U6 froward 
primer: CTCGCTTCGGCAGCACA, reverse primer: 
AACGCTTCACGAATTTGCGT.

Xenograft tumor in nude mice

All animal care and use procedures were 
approved by the Institutional Ethics Committee 
of the Affiliated Nanping First Hospital of Fujian 
Medical University. Twelve male immunodefi-
cient nude mice (12-weekold) were randomly 
divided into two groups (six mice in each 
group): (1) si-NC group (injected with T24 
cells transected with sh-NC), (2) sh-circLONP2 
(injected with T24 cells infected with sh- 
circLONP2 knockdown). 0.25 mL of cell suspen-
sion containing 0.5 × 107 cells was injected into 
the flank of each mice. Tumor volume were 
monitored for 4 weeks. At the end of the experi-
ment, all the mice were euthanized by CO2 
asphyxiation. The tumors of terminally dead 
mice were resected for weight measurement 
and fixed for further analysis.

Immunohistochemistry

Histological analyses of tumor sections were per-
formed with the avidin-biotin-peroxidase method 
to detect ki-67 protein as previously described [32]. 
Briefly, the tumor tissues were cut into 4-μm-thick 
paraffin sections, then they were deparaffinized and 
rehydrated, and antigen unmasking was achieved by 
heating the section in citrate unmasking solution 
(SignalStain® Citrate Unmasking Solution (10X), 
Cell Signaling Technologies) for 10 min at a sub- 
boiling temperature (95°–98°C). Sections were 
washed in dH2O three times and then incubated in 
3% hydrogen peroxide for 10 min. After three times 
washes in TBST buffer, the section was blocked with 
5% Normal Goat Serum, and stained with primary 
antibody anti-Ki67 (1:500 dilution, Cell Signaling 
Technologies) overnight at 4°C. Then antibody solu-
tion was removed and the sections were washed with 
TBST buffer three times. The sections were further 
soaked in 1–3 drops of SignalStain® Boost Detection 
Reagent (HRP, Rabbit, Cell Signaling Technologies) 
for 30 min at room temperature. 300 µl SignalStain® 
substrate (Cell Signaling Technologies) was added to 
each section for 5 min. After washes in dH2O the 
sections were mounted with coverslips using the 
mounting medium (Cell Signaling Technologies) 
and imaged under Leica AM6000 microscope 
(Leica, Wetzlar, Germany).

Statistical analysis

Statistical analyses were performed with GraphPad 
Prism software, version 7.0 (GraphPad Software). 
Differences between percentages were evaluated by 
Fisher’s exact test. The statistical difference between 
two groups was examined by unpaired Student’s 
t test. Comparisons among multiple groups were 
analyzed using one-way analysis of variance 
(ANOVA) with Tukey’s post hoc test. Kaplan 
Meier Curve and log-rank test were used to compare 
the cumulative survival rates in BC patients. P < 0.05 
was considered statistically significant.

Results

This study investigated the role of circLONP2 
in BC. We showed that circLONP2 was 
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significantly upregulated in precancerous BC tis-
sues and BC cells. Since circLONP2 is predicted to 
interact with miR-584-5p using the online bioin-
formatics tool, we performed molecular experi-
ments to validate the functional role of 
circLONP2 in BC, as well as its interplay with 
miR-584-5p. In addition, miR-584-5p could target 
YAP1 mRNA and negatively regulated its expres-
sion. Together, our work suggests that circLONP2 
acts as an oncogenic factor by targeting miR-584- 
5p/YAP1 axis, and its interaction with miR-584-5p 
provides a potential strategy for BC treatment.

CircLONP2 is upregulated in BC

We first retrieved RNA-seq data from Gene 
Expression Omnibus (GSE92675) to investigate 
the expression of circLONP2 between BC tissues 

and para-cancerous normal tissues. CircLONP2 
was highly expressed in BC tissues as compared 
to normal tissues (Figure 1(a)). In addition, we 
collected 60 paired BC tumors and para- 
cancerous normal tissues samples from 60 BC 
patients. qRT-PCR analysis showed that level of 
circLONP2 in para-cancerous tissue samples were 
significantly higher than that of normal tissues 
(Figure 1(b)). Based on the median expression 
value of circLONP2, 60 BC patients were divided 
into circLONP2 low and high-expression groups 
(n = 30 in each group), and chi-square test was 
used to analyze the association of circLONP2 
expression level and clinicopathological features. 
The results indicate that circLONP2 expression is 
positively correlated with tumor size, differentia-
tion status, TNM staging, lymph node metastasis 
and distant metastasis, while it shows no 

Figure 1. CircLONP2 is highly expressed in BC tissues and cells. (a). The analysis of GSE92675 RNA-seq dataset for CircLONP2 
expression. (b). The expression level of circLONP2 in 60 pairs of BC tumors and para-cancerous normal tissues was examined by qRT- 
PCR. (c). Kaplan–Meier survival assessment of BC patients, which were divided into low and high circLONP2 expression groups 
(n = 60). (d). The expression level of circLONP2 in BC cell lines (RT4, T24, EJ, UMUC3 and 5637) and normal bladder cell line (SV-HU-1) 
(n = 3). (e). Sanger sequencing showing the specific back splicing site of circLONP2. (f). The relative expression level of GAPDH, U6 
and circLONP2 in the cytoplasmic and nuclear faction of T24 cells (n = 3). G. RNA FISH showing the predominant cytoplasmic 
loclaization of circLONP2 in T24 cells. *P < 0.05 versus Control, **P < 0.01, ****P < 0.0001.
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significantly correlation with the age and gender of 
patients (Table 1). The overall survival rate (OS) of 
patients analyzed by Kaplan–Meier curve demon-
strated that high circLONP2 expression is signifi-
cantly correlated with a poorer prognosis in BC 
patients (Figure 1(c)). In addition, we analyzed the 
expression of circLONP2 in BC cell lines (RT4, 
T24, and EJ, UMUC3, 5637) and normal bladder 
epithelial cell line (SV-HU-1), which revealed 
a significant upregulation of circLONP2 in BC 
cell lines (Figure 1(d)). These data indicate that 
circLONP2 upregulation may contribute to the 
progression of BC.

To confirm the circular structure of circLONP2, 
we performed Sanger sequencing to examine the 
sequence in the closed-loop structure, which ver-
ified the specific back-splicing site and the exis-
tence of circLONP2 (Figure 1(e)). We next 
performed nuclear and cytoplasmic fraction to 
analyze the relative distribution of circLONP2. 
The results showed circLONP2 is predominantly 
located in the cytoplasm (Figure 1(f)). This was 
further confirmed by RNA fluorescence in situ 
hybridization (FISH) (Figure 1(g)).

The knockdown of circLONP2 inhibits tumor cell 
proliferation, migration, and invasion

We selected the two BC cell lines with the highest 
expression of circLONP2 (T24 and 5637) and 
applied siRNAs to investigate the effect of 
circLONP2 knockdown in BC cells. Compared 
with si-NC, si-RNA transfection (si- 
circLONP2#1, si-circLONP2#2 and si- 
circLONP2#3) effectively reduced circLONP2 
level in the two cell lines. Among them, si- 
circLONP2#1 showed the highest knockdown effi-
ciency, which is applied for the following experi-
ments (Figure 2(a)). CCK-8 proliferation assay 
demonstrated a significant impairment in cell pro-
liferation after silencing circLONP2 (Figure 2(b)). 
This was accompanied by the reduced incorpora-
tion of EdU into DNA, indicating retarded DNA 
synthesis (Figure 2(c)). Transwell invasion assay 
also revealed the impaired invasion ability after 
silencing circLONP2 (Figure 2(d)). Silencing of 
circLONP2 also caused increased apoptotic events 
in T24 and 5637 cell lines (Figure 2(e)). Together, 

these data suggest circLONP2 is required for the 
malignant phenotype of BC cells.

To further investigate the role of circLONP2 in 
tumorigenesis, T24 cells transfected with si-NC or 
si-circLONP2 were subcutaneously injected into 
12 nude mice (n = 6 in each group). The silencing 
of circLONP2 significantly reduced tumorigenesis 
in nude mice, as revealed by the decreased tumor 
volume and weight (Figure 2(f–g)). We also exam-
ined the level of ki-67 expression in tumor section 
via immunohistochemistry. In the sh-circLONP2 
group, there was a remarkable decrease of Ki-67 
signal in the tumor section (Figure 2(h–j)). 
Overall, these data indicate that circLONP2 is 
indispensable for tumorigenesis in nude mice.

MiR-584-5p expression is downregulated by 
circLONP2 in BC cell lines

We next sought to find the downstream target of 
circLONP2. Based on the predictive analysis of the 
bioinformatics database (circinteractome), we 
found that circLONP2 has a binding site for 
miR-584-5p (Figure 3(a)). We then performed 
dual-luciferase reporter assay using the reporter 
containing WT and mutated binding site. The co- 
transfection of miR-584-5p mimic could signifi-
cantly reduce the luciferase activity of circLONP2 
WT reporter, while it had no effect on the mutated 
reporter (Figure 3(b)). Furthermore, RNA pull- 
down assay suggested that biotin-labeled miR- 
584-5p probe could sufficiently enrich circLONP2 
in T24 and 5637 cells (Figure 3(c)). These results 
suggest that circLONP2 physically interacts with 
miR-584-5p.

Next, we assessed expression of miR-584-5p in 
T24 and 5637 cells after silencing circLONP2. The 
transfection of si-circLONP2 significantly upregu-
lated miR-584-5p (Figure 3(d)). In the 60 pairs 
of BC tumors and para-cancerous normal tissues, 
there was a significant downregulation of miR-584- 
5p (Figure 3(e)), and the expression of miR-584-5p 
was negatively correlated with circLONP2 level in BC 
tumors (Figure 3(f)). The downregulation of miR- 
584-5p was also detected in BC cell lines (RT4, T24, 
EJ, UMUC3 and 5637) (Figure 3(g)). Kaplan–Meier 
curve indicated a better overall survival in BC 
patients with high miR-584-5p expression (Figure 3 
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(h)). Altogether, these data indicate circLONP2 nega-
tively regulates miR-584-5p expression in BC cells.

MiR-584-5p targets YAP1 and negatively 
regulates its expression

We next found that miR-584-5p has a binding site 
in the 3’UTR region of YAP1 mRNA through 
Starbase online bioinformatic tool. We performed 

dual-luciferase activity assay and demonstrated 
that the transfection of miR-584-5p mimic could 
significantly impair the activity of WT reporter, 
while no effect was observed for the mutated 
reporter (Figure 4(a)). These results indicate the 
functional interaction between miR-584-5p and 
YAP1 mRNA. In addition, in the presence of 
miR-584-5p mimic, the protein expression level 
of YAP1 in T24 and 5637 cells was significantly 

Figure 2. Knockdown of circLONP2 inhibits the proliferation and invasion and induced apoptosis of BC cells. (a). The efficiency of 
circLONP2 knockdown was verified by qRT-PCR. (b). CCK-8 proliferation assay in T24 and 5637 cells after transfecting with si-NC and 
si-circLONP2 siRNA (n = 6). (c). Edu incorporation assays in in T24 and 5637 cells after transfecting with si-NC and si-circLONP2 siRNA 
(n = 3). (d). Transwell invasion assay, and (e). apoptosis analysis in T24 and 5637 cells transfected with si-NC and si-circLONP2 (n = 3). 
(f-g). Tumor growth curve and subcutaneous tumor weight of mice inoculated with T24 cells transfected with sh-NC and sh- 
circLONP2 (n = 6 mice in each group). (h-i). The representative H&E staining and Ki67 immunohistochemical staining images of the 
subcutaneous tumors in sh-NC and sh-circLONP2 group. *P < 0.05 versus Control, **P < 0.01, ****P < 0.0001.
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Figure 3. CircLONP2 targets miR-584-5p. (a). Alignment of the miR-584-5p sequence with that of circLONP2, showing their binding 
site. (b). Dual-luciferase reporter assay using WT and MUT reporter to determine the interplay between circLONP2 and miR-584-5p in 
T24 and 5637 cells. Cells were co-transfected with miR-NC or miR-548-5p mimic. (n = 3) (c). Verification of physical interaction 
between circLONP2 and miR-584-5p through RNA pull-down using biotin-labeled miR-548-5p probe. (n = 3). (d) The level of miR- 
584-5p in T24 and 5637 cells transfected with si- circLONP2. (n = 3). (e). The level of miR-584-5p in 60 BC tumors and para-cancerous 
normal tissues by qRT-PCR. (f). Spearman’s correlation analysis of the expression levels between circLONP2 and miR-584-5p in 60 BC 
tissues. G. The expression of miR-584-5p in BC cell lines (RT4, T24, EJ, UMUC3 and 5637) and normal bladder epithelial cell line (SV- 
HU-1) by qRT-PCR. (h). Kaplan–Meier survival assessment of 60 BC patients, which were divided into miR-584-5p low and high 
expression groups (n = 30 in each group, P = 0.0489). **P < 0.01, ***P < 0.001, ****P < 0.0001.

Figure 4. MiR-584-5p targets YAP1. (a). Alignment of the miR-584-5p sequence with that of the 3’-UTR of YAP1 mRNA, which was 
determined by Dual-luciferase reporter assay in T24 and 5637 cells. (n = 3). (b). Representative western blot and densitometric 
analysis of YAP1 protein level in miR-584-5p-overwxpressed T24 and 5637 cells (n = 3). **P < 0.01, ***P < 0.001, ****P < 0.0001.
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decreased (Figure 4(b)). Therefore, miR-584- 
5pfunctiosn as negative regulator of YAP1.

CircLONP2 regulates the progression of BC 
through the miR-584-5p/YAP1 axis

In order to explore the role of circLONP2/miR-584- 
5p/YAP1 axis n the regulation of malignant pheno-
type of BC cells, we transfected an inhibitor of miR- 
584-5p into T24 and 5637 cells, which could sig-
nificantly lower the expression level of miR-584-5p 
(Figure 5(a)). Next, we divided T24 and 5637 cells 
into three groups, si-NC, si-circLONP2 and si- 

circLONP2+ miR-584-5p inhibitor, the expression 
of YAP1 was evaluated by Western blot. As 
expected, YAP1 level was significantly reduced 
after circLONP2 knockdown, which could be par-
tially rescued by miR-584-5p inhibitor (Figure 5 
(b)). CCK-8 proliferation assay revealed that the 
suppression of cell proliferation by circLONP2 
knockdown was partially relieved with miR-584- 
5p inhibitor (Figure 5(c)). A similar effect was 
observed in EdU incorporation assay (Figure 5 
(d)). The presence of miR-584-5p inhibitor also 
mitigated the inhibition of cell invasion caused by 
circLONP2 knockdown, and decreased apoptotic 
events in T24 and 5637 cells (Figure 5(e–h)).

Figure 5. CircLONP2 regulates the progression of BC cells through the miR-584-5p/YAP1 axis. (a). Expression level of miR-584-5p in 
T24 and 5637 cells transfected NC inhibitor or miR-584-5p inhibitor (n = 3). (b). Representative Western blot and densitometric 
analysis of YAP1 in T24 and 5637 cells transfected with si-NC, si-circLONP2 and si-circLONP2+ miR-584-5p inhibitor (n = 3). (c). CCK-8 
proliferation assay in T24 and 5637 cells after transfected with si-NC, si-circLONP2 and si-circLONP2+ miR-584-5p inhibitor (n = 6). 
(d). Edu incorporation assay, (e-f). Transwell invasion assay and (g-h). apoptosis analysis in T24 and 5637 cells transfected with si-NC, 
si-circLONP2 and si-circLONP2+ miR-584-5p inhibitor (n = 3). **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Discussion

In the era of precision medicine, targeted therapy 
for specific molecules has become an promising 
direction of drug development and oncology clin-
ical care [33]. While there were limited advances 
in clinical management of BC over the past three 
decades, this trend has been considerably altered 
over the past several years. Accumulating clinical 
data indicate that BC ranks the highest among 
urinary tumors worldwide, with a poor prognosis 
and high recurrence rate [34]. The complex etiol-
ogy and pathophysiology of BC makes it difficult 
to devise precise medicine.

For the past 7 years, caner genomic profiling and 
checkpoint blockade immunotherapy have signifi-
cantly revolutionized cancer therapy [2]. The iden-
tification of the genes dysregulated in BC is of great 
value for targeted therapy. CircLONP2 is an endo-
genous circular non-coding RNA, which has been 
reported to be highly expressed in colorectal cancer 
and plays an oncogenic role [15]. Compared with 
linear RNA molecules, circRNAs are a type of 
highly abundant single-stranded non-coding 
RNAs in mammalian cells [35,36]. Owing to its 
circular structure and stability, circRNAs can func-
tion as miRNA sponges, regulate transcription or 
translation, and also form circRNA-protein inter-
actions [35,36]. The aberrant expression of 
circRNAs could serve as diagnostic and prognostic 
biomarkers [37]. In the present study, we demon-
strated the upregulation of circLONP2 in BC tissues 
and cells, and a high circLONP2 expression level is 
positively closed to tumor size, differentiation sta-
tus, TNM classification, lymph node metastasis, 
and distant metastasis. Importantly, the knock-
down of circLONP2 suppresses the proliferation 
and invasion of BC cells, and induces apoptosis 
in BC cells. Additionally, the overall survival 
of BC patients in circLONP2-high patients worse, 
indicating that circLONP2 may serve as 
a prognostic indicator in BC patients.

One of the dominant roles of circRNAs is to func-
tion as miRNA sponges [38,39]. miRNAs can act as 
either oncogenes or tumor-suppressors via interacting 
with target mRNAs. In cancer biology, miRNAs are 
implicated in a variety of malignancies by modulating 
different downstream targets [40–43]. In BC cells, 
miRNAs are involved in the regulation of cell 

proliferation, migration, and invasion, self-renewal, 
angiogenesis, as well as the development of resistance 
[44–48]. In our results, we further revealed that 
circLONP2 could bind to miR-584-5p and inhibit its 
function. Since there are no reports regarding the role 
of miR-584-5p in BC, our study provided novel evi-
dence of miR-584-5p in the regulation of malignant 
phenotype of BC. CircLONP2 can physically interact 
with miR-584-5p and the level of miR-584-5p is nega-
tively regulated by circLONP2. Moreover, the expres-
sion of miR-584-5p in BC tumor tissues and BC cell 
lines is significantly lower than that in normal tissues 
and cell lines. All these evidence supports the tumor- 
suppressor role of miR-584-5p in BC.

We further showed that miR-584-5p could bind to 
the 3’UTR region of YAP1 mRNA to suppress YAP1 
expression. Overexpression of miR-584-5p effectively 
reduces the expression of YAP1 in T24 and 5637 cells. 
YAP1 is a major regulator of the Hippo signaling 
pathway, which is frequently upregulated in BC cells 
to sustain cell proliferation, invasion, and apoptosis 
resistance [25,49,50]. YAP1 expression has also been 
proposed as a prognostic indicator in patients with 
urothelial carcinoma in the bladder [51]. Therefore, 
specific inhibitors for YAP1 activity are an attractive 
approach to improve treatment for BC. In addition, 
we also observed that the knockdown of circLONP2 
reduces the protein level of YAP1, while co- 
transfection of miR-584-5p inhibitor can partially 
increase YAP1 level. Meanwhile, the effect of 
circLONP2 silencing in cell proliferation and invasion 
could also be partially alleviated by miR-584-5p inhi-
bitor. These data altogether provide evidence for the 
modulation of circLONP2/miR-584-5p/YAP1 axis in 
the management of BC progression.

Conclusion

Limited advancement has been achieved in the under-
standing of molecular mechanisms underlying the 
initiation and progression of BC [52–55]. Our study 
adds novel evidence for the oncogenic role of 
circLONP2 in supporting the malignant phenotype 
of BC, as well as its value as a prognostic indicator 
in BC patients. We further identified miR-584-5p as 
a downstream mediator of circLONP2, which inter-
acts with YAP1 mRNA to negatively regulate its 
expression. These results altogether indicate that 
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modulating circLONP2/miR-584-5p/YAP1 axis may 
serve as a potential strategy in the management of BC 
progression.
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