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Circular RNA UVRAG (circUVRAG), a type of non-coding RNA, is derived and cy-
clized by part of the exon from the UVRAG gene. However, the role of circUVRAG in 
bladder cancer (BLCA) has not been reported. The purpose of the present study was 
therefore to characterize the role of circUVRAG in BLCA. Bioinformatics analysis 
showed interactive relationships among circUVRAG, microRNA-223 (miR-223), and 
fibroblast growth factor receptor 2 (FGFR2). Quantitative real-time PCR was used to 
detect the expression of circUVRAG in BLCA cell lines. UM-UC-3 cells were stably 
transfected with siRNA against circUVRAG, and cell proliferation and migration abil-
ity were tested using the CCK8 assay, clone formation, and Transwell assays in vitro. 
Tumor xenograft formation and metastasis were determined using nude mice. 
Fluorescence in situ hybridization was used to confirm the subcellular localization of 
circUVRAG, and the luciferase reporter assay was used to confirm the relationships 
among circUVRAG, miR-223, and FGFR2. Results showed that circUVRAG was up-
regulated in BLCA cell lines. Downregulation of circUVRAG expression suppressed 
proliferation and metastasis both in vitro and in vivo. Downregulation of circUVRAG 
suppressed FGFR2 expression by “sponging” miR-223, which was confirmed by res-
cue experiments and luciferase reporter assay. Overall, the results showed that 
downregulation of circUVRAG suppressed the aggressive biological phenotype of 
BLCA. Taken together, silencing circular RNA UVRAG inhibited bladder cancer 
growth and metastasis by targeting the miR-223/FGFR2 axis, which may provide a 
potential biomarker and therapeutic target for the management of BLCA.
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1  | INTRODUC TION

Bladder cancer is a common malignant tumor of the urinary sys-
tem. The 5-year prevalence of this disorder is increasing, ranking 
ninth in cancer incidence worldwide and 13th as a cause of death 
by cancer.1,2 Most chemotherapy clinical trials for advanced blad-
der carcinoma have shown poor prognoses.3 To develop an effec-
tive treatment, it is therefore necessary to first identify the potential 
molecular targets and novel pathways underlying tumorigenesis and 
development of bladder cancer.

Circular RNA (circRNA) is a novel class of competitive endog-
enous RNAs formed by a covalently closed loop.4,5 Increasing evi-
dence has shown that circRNAs are effective diagnostic biomarkers 
for some cancers.6,7 Previous studies reported that abnormal expres-
sions of circRNAs were useful to determine the progress of BLCA, 
and high throughput sequencing found that hsa_circ_0023642 (cir-
cUVRAG) was significantly increased in BLCA.8 However, the role of 
circUVRAG in the progression of BLCA is still unclear. Importantly, it 
has been reported that circRNAs could be targeted by endogenous 
miRNAs, to suppress miRNA activity, acting as miRNA sponges,9 but 
the regulatory roles of circUVRAG, acting as “miRNA sponges” in 
BLCA, are still largely unknown.

The present study sought to examine the expression of circU-
VRAG in BLCA, and then assess the biological roles of circUVRAG. 
Our results showed that circUVRAG was upregulated in BLCA, and 
its upregulation remarkably promoted cell proliferation and migra-
tion. Our data provide novel evidence that could form the basis for 
the development of novel therapeutic strategies against bladder 
cancer.

2  | MATERIAL S AND METHODS

2.1 | Animal ethics statement

Four-week-old BALB/c nude mice (n = 20) weighing 15-20 g (SLARC, 
Shanghai, China) were used in this study. All animal experiments 
were approved by The Ethics Committee of Huashan Hospital, 
Fudan University, Shanghai, China.

2.2 | Cell culture and transfection

SV-HUC and BC cell lines (T24, EJ, J82, UM-UC-3, TCC, and 
RT-4) were obtained from the Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China) and cultured at 
37°C in 5% CO2 using DMEM medium (Gibco, Gaithersburg, MD, 
USA) containing 10% FBS (Gibco). sicircUVRAG, miR-223 mim-
ics, miR-223 inhibitors, FGFR2 overexpression vector, and their 
negative controls were transfected into cultured UM-UC-3 cells 
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s instructions. In order to further 
confirm the effect of circUVRAG in the in vivo experiments, 
lentiviral stabilized circUVRAG silenced UM-UC-3 cells were 
constructed.

2.3 | Fluorescence in situ hybridization

Specific probes to the circUVRAG sequence were used for 
in situ hybridization as previously reported.10 In brief, FITC-
labelled probes were specific to circUVRAG. DAPI was used for 
cell nucleus counterstain. All procedures were conducted ac-
cording to the manufacturer’s protocol (Genepharma, Shanghai, 
China).

2.4 | Bioinformatics analysis

The circRNA/miRNA target gene was predicted using the website 
at https://circinteractome.nia.nih.gov/. The interactive relationship 
between miR-223 and FGFR2 was predicted using the website at 
http://www.targetscan.org/; the expression level of UVRAG and the 
prognoses in bladder cancer patients was predicted using the web-
site at http://gepia.cancer-pku.cn/.

2.5 | Cell proliferation assay and cloning 
formation assay

Cell Counting Kit-8 assay was used to detect cell proliferation. 
Transfected cells were seeded into 96-well plates at a density of 
2000 cells/well in triplicate wells. Cell viability was measured by the 
CCK-8 system (Gibco) at 0, 24, 48, 72, and 96 hours after seeding, 
according to the manufacturer’s instructions.

For the colony formation assay, transfected cells were 
seeded into six-well plates at a density of 2000 cells/well and 
maintained in DMEM medium containing 10% FBS for 10 days. 
The colonies were imaged and counted after they were fixed 
and stained.

2.6 | Western blots

Protein from cells and tumor tissues were extracted and con-
centrated using RIPA lysis buffer containing protease inhibitors 
(Sigma-Aldrich, St Louis, MO, USA) and the BCA Protein Assay 
kit (Vigorous Biotechnology Beijing, Beijing, China), respectively. 
Protein (20 μg) was resolved by SDS-PAGE, then transferred 
onto nitrocellulose membranes (Millipore, Madison, WI, USA). 
Membranes were blocked with 5% nonfat dry milk for 2 hours 
before being incubated with primary antibodies at 4°C overnight. 
GAPDH was used as the internal control. Membranes were then 
incubated with HRP-coupled secondary antibodies for 1 hour at 
room temperature.

2.7 | RNA extraction and quantitative RT-PCR

RNA extraction was carried out using TRIzol reagent (Invitrogen) as 
previously reported.4 cDNA was obtained using a pTRUEscript 1st 
Strand cDNA Synthesis Kit (Aidlab, Beijing, China). qRT-PCR was 
carried out using the 2× SYBR Green qPCR Mix (Aidlab) on an ABI 
7900HT sequence detection machine (Thermo Fisher Scientific, 
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Waltham, MA, USA). Expression fold changes were determined 
using the 2−ΔΔCT method.

2.8 | Migration assay

Cell migration was measured using 24-well Transwell chambers 
(8 μm pore membrane; BD Biosciences, Franklin Lakes, NJ, USA). 
A total of 1 × 105 cells were plated into the upper chamber with 
200 μL serum-free medium while the bottom chamber was filled 
with 500 μL completed medium. After culturing for 24 hours, cells 
in the bottom chamber were fixed with 4% paraformaldehyde for 
30 minutes, then stained with crystal violet for 10 minutes.

2.9 | Tumor xenograft formation and 
metastasis assays

A total of 2 × 107 viable cells from WT or sicircUVRAG UM-UC-3 
cells were injected into the right flanks of nude mice as in our previ-
ous study.11 Tumor sizes were measured every 5 days using a Vernier 
caliper, and the volume was calculated using the following formula: 
volume = 1/2 × length × width2. The mice were then killed for qRT-
PCR analyses 30 days after implantation.

For analysis of metastasis, UM-UC-3 cells were transfected with 
luciferase expression vectors into both WT and circUVRAG silenced 
cells (2 × 105), the cells were then i.v. injected into the tails of mice. 
After 30 days, metastasis of UM-UC-3 cells was analyzed by biolu-
minescence imaging with i.v. injection of luciferin (150 mg luciferin/
kg body weight) into the mice tails.

2.10 | Dual luciferase reporter assay

Reporter plasmids were obtained by inserting circUVRAG or the 
FGFR2 3′-UTR sequence into the pmirGLO vector (Promega, 
Madison, WI, USA). For the luciferase assay, miR-223 mimics 
and reporter plasmids were cotransfected into 239T cells using 
Lipofectamine 2000. After culturing for 48 hours, firefly and Renilla 
luciferase activities were measured using the Dual Luciferase 
Reporter Assay System (Promega, Sunnyvale, CA, USA) according to 
the manufacturer’s instructions.

2.11 | Statistical analysis

Data are presented as mean ± standard deviation (SD). GraphPad 
Prism software, version 5.0 (GraphPad, La Jolla, CA, USA) was used 
to compare group differences. P ≤ 0.05 indicated a statistically sig-
nificant difference.

3  | RESULTS

3.1 | Expression of circUVRAG was increased in 
BLCA cell lines

Previous studies using high-throughput microarray assays have veri-
fied that hsa_circ_0023642 (circUVRAG) was significantly increased 
in BLCA when compared with normal control samples.8 The aim of 
the present study was therefore to confirm whether circUVRAG 
plays a role in the progress of BLCA. Hsa_circ_0023642 was derived 

F IGURE  1 Expression of circular 
RNA UVRAG (circUVRAG) was increased 
in bladder cancer (BLCA) cell lines. A, 
Gepia website analysis shows survival 
and comparison of UVRAG high- and 
low-expressing patients in the BLCA 
cohort. B, Quantitative RT-PCR assay 
shows circUVRAG expression in BLCA cell 
lines (EJ, T24, J82, UM-UC-3, TCC, and 
RT-4) and normal urothelial cells (SV-HUC 
cells). Data are presented as mean ± SD. 
***P < .001 vs SV-HUC cells. C, FISH was 
carried out to determine the subcellular 
localization of circUVRAG. DAPI, nuclear 
staining (top, left); circUVRAG, green 
fluorescent-tagged circUVRAG (bottom, 
left). Merged images shown at right
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and cyclized by part of the exon from the UVRAG gene. UVRAG is 
a UV radiation resistance-associated gene, and its expression in-
creases sensitivity to chemotherapy by promoting autophagy.12,13 
Bioinformatics analysis showed that high expression of UVRAG pre-
dicted a poor prognosis in bladder cancer patients (Figure 1A). We 
characterized the expression in BLCA cell lines and found that the 
expression of circUVRAG was increased in six cell lines (EJ, T24, J82, 
UM-UC-3,TCC, and RT-4) when compared with SV-HUC cells (nor-
mal urothelial cells). Results showed that the expression of circU-
VRAG in UM-UC-3 had the highest expression when compared with 
other BLCA cell lines (Figure 1B). We therefore selected UM-UC-3 
cells to study the effect of circUVRAG in subsequent experiments. 
FISH assay showed that circUVRAG was predominately localized 
in the cytoplasm (Figure 1C). Taken together, the results suggested 
that circUVRAG played a role in the progression of BLCA.

3.2 | Downregulation of circUVRAG suppressed 
tumor formation and metastasis in nude 
mice xenografts

To further confirm that circUVRAG was involved in the progression 
of BLCA, lentiviral-stabilized circUVRAG silenced UM-UC-3 cells or a 
negative control (NC) were used for tumor formation. Results showed 
that the expression of circUVRAG was significantly decreased after 

silencing of circUVRAG (Figure 2A). An in vivo experiment showed 
that downregulation of circUVRAG suppressed tumor volume and 
weight when compared with the NC group (Figure 2B-D). Live imaging 
experiments showed that downregulation of circUVRAG suppressed 
metastasis of UM-UC-3 cells 30 days after i.v. tail injection (Figure 2E). 
qRT-PCR assays showed that the expression of miR-223 was increased 
after knockdown of circUVRAG in tumor tissues (Figure 2F). Western 
blot analyses showed that silencing of circUVRAG suppressed FGFR2 
expression (Figure 2G,H). Taken together, the results suggested that 
downregulation of circUVRAG suppressed tumor formation and me-
tastasis in nude mice xenografts. We also found that FGFR2 and miR-
223 were involved in the regulation of BLCA.

3.3 | Silencing circUVRAG inhibited BLCA cell 
proliferation and migration by regulating the  
miR-223/FGFR2 axis in vitro

To further confirm the relationship among circUVRAG, FGFR2, 
and miR-223, UM-UC-3 cells were transfected with siRNA 
against circUVRAG, combined with or without an miR-223 inhibi-
tor and FGFR2 overexpression vector. qRT-PCR assays showed 
that silenced circUVRAG promoted miR-223 expression, but a 
miR-223-specific inhibitor significantly suppressed miR-223 ex-
pression. However, FGFR2 expression had no effect on circUVRAG 

F IGURE  2 Downregulation of circular RNA UVRAG (circUVRAG) suppressed tumor formation and metastasis in nude mice xenografts. 
A, Quantitative RT-PCR (qRT-PCR) assay shows the expression of circUVRAG in adenovirus-transfected cells and in circ-control transfected 
cells. B, Representative photographs of tumor formation in xenografts of nude mice (n = 5). C, Summary of tumor volumes in mice that were 
measured every week. Data are presented as mean ± SD. **P < .01, ***P < .001 vs control. D, Tumor weights were measured after 30 days 
of injection. Data are presented as mean ± SD. ***P < .001 vs control. E, Live imaging shows the effects of circUVRAG on metastasis of 
UM-UC-3 cells 30 days after i.v. tail injection. Relative metastasis abilities were calculated. Data are presented as mean ± SD. ***P < .001 vs 
control. F, qRT-PCR assay showing the expression of microRNA-223 (miR-223). Data are presented as mean ± SD. ***P < .001 vs control. G,H, 
Western blot analysis of the expression of fibroblast growth factor receptor 2 (FGFR2) in tumor tissues. Data are presented as mean ± SD. 
***P < .001 vs control. NC, normal control; sicircUVRAG, small interfering circular RNA UVRAG
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silence-induced miR-223 expression (Figure 3A). Western blot 
analyses showed that silenced circUVRAG suppressed FGFR2 
expression, but an miR-223-specific inhibitor reversed the inhibi-
tion effect after circUVRAG silencing. After transfection with a 
FGFR2 overexpression vector, expression of FGFR2 significantly 
increased (Figure 3B). CCK-8 and cloning formation assays showed 
that circUVRAG knockdown suppressed the proliferation of UM-
UC-3 cells, but treatment with the miR-223 inhibitor rescued the 
suppression effect of circUVRAG silencing. FGFR2 overexpression 
further promoted proliferation of UM-UC-3 cells (Figure 3C,D). 
To determine the effect of circUVRAG, miR-223, and FGFR2 on 
metastasis, Transwell migration assays were carried out. Results 
showed that miR-223 inhibitor treatment rescued circUVRAG 
silencing-induced migration inhibition. FGFR2 overexpression 
promoted migration of UM-UC-3 cells (Figure 3E). Taken together, 
the results suggested that downregulation of circUVRAG sup-
pressed tumor cell proliferation and metastasis by promoting miR-
223 expression but suppressing FGFR2 expression.

3.4 | Overexpression of FGFR2 reversed  
miR-223-induced UM-UC-3 cell growth and migration 
inhibition in vitro

To further confirm the relationship between FGFR2 and miR-223, 
UM-UC-3 cells were transfected with miR-223 mimics combined 
with or without a FGFR2 overexpression vector. qRT-PCR assays 
showed that the expression of miR-223 was significantly increased 
after transfection with the miR-223 mimic, but FGFR2 overexpres-
sion had no effect on miR-223 expression (Figure 4A). Western 
blot analysis showed that miR-223 expression suppressed FGFR2 
expression, but FGFR2 overexpression rescued FGFR2 expression, 
even after transfection with the miR-223 mimic (Figure 4B,C). CCK-8 
and cloning formation assays showed that miR-223 overexpression 
suppressed the proliferation of UM-UC-3 cells, but FGFR2 over-
expression rescued the suppressed effect of miR-223 (Figure 4D-
F). To determine the effect of miR-223 and FGFR2 on metastasis, 
Transwell migration assays showed that miR-223 overexpression 

F IGURE  3 Silencing circular RNA UVRAG (circUVRAG) inhibits bladder cancer (BLCA) cell proliferation and migration by regulation of 
microRNA-223 (miR-223)/fibroblast growth factor 2 (FGFR2) axis in vitro. A, Quantitative RT-PCR assay shows miR-223 expression after 
transfection with siRNA against circUVRAG combined with or without miR-223 inhibitor and the FGFR2 overexpression vector. Data are 
presented as mean ± SD. ***P < .001 vs NC. ###P < .001 vs sicircRNA. B, Western blots show FGFR2 expression. Relative protein levels were 
analyzed and data are presented as mean ± SD. ***P < .001 vs NC. ###P < .001 vs sicircRNA. C, CCK-8 assays were carried out to assess cell 
proliferation. Data are presented as mean ± SD. ***P < .001 vs NC. D, Cloning formation assay showing cell proliferation of UM-UC-3. Data 
are presented as mean ± SD. *P < .05, ***P < .001 vs NC. ###P < .001 vs sicircRNA. E, Cell migration was determined in UM-UC-3 cells using 
Transwell assays. Data are presented as mean ± SD. *P < .05, ***P < .001 vs NC. ###P < .001 vs sicircRNA. GADPH (load control); NC, normal 
control; sicircUVRAG, small interfering circular RNA UVRAG
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suppressed cell migration. FGFR2 overexpression promoted migra-
tion of UM-UC-3 cells (Figure 4G,H). Taken together, the results sug-
gested that miR-223 expression suppressed tumor cell proliferation 
and metastasis by suppressing FGFR2 expression.

3.5 | Interactive relationships among miR-223, 
circUVRAG, and FGFR2

To confirm the relationships among miR-223, circUVRAG, and 
FGFR2, bioinformatics analyses showed that circUVRAG targeted 
miR-223. To further determine whether miR-223 was a possible 
target of circUVRAG, a luciferase reporter analysis was used to 
show that miR-223 was a downstream binding target of circUVRAG 
(Figure 5A). Taken together, the results showed that circUVRAG in-
hibited luciferase activity in WT cells but did not affect the activity 
in mutated cell lines (Figure 5B).

To further identify whether FGFR2 was a possible target of miR-
223, bioinformatics analysis was used to confirm that miR-222 di-
rected interactions with the 3′-UTR of FGFR2 and suppressed FGFR2 
expression at the mRNA level (Figure 5C). Luciferase reporter analysis 
found that miR-223 inhibited luciferase activity in WT cells, but not 
in mutated cell lines (Figure 5D). The results suggested that silencing 

circUVRAG inhibited bladder cancer metastasis and growth by target-
ing the miR-223/FGFR2 axis.

4  | DISCUSSION

Studies have shown that the expression profiles of non-coding RNAs, 
including miRNAs and long non-coding RNAs (lncRNAs), are abnormal 
in many types of cancers, and these studies have focused on epigenetic 
regulation in cancer development.14,15 Recent studies have reported that 
many miRNAs and some lncRNAs may serve as regulators in BLCA devel-
opment.16,17 However, whether circRNAs play a role in BLCA is unknown. 
In this study, we found that circUVRAG was abnormally expressed in 
BLCA cell lines. Downregulation of circUVRAG suppressed cell prolifera-
tion and migration in both in vivo and in vitro experiments. Recent studies 
have reported that UVRAG not only promotes Beclin-1-mediated au-
tophagy, but it also facilitates endosome/autophagosome maturation.18,19 
Activation of autophagy can increase chemo- and radiotherapy resistance 
in bladder cancer.20-22 We also found that high expression of UVRAG pre-
dicted poor prognosis, which was consistent with the role of circUVRAG.

Results also showed that miR-223 and FGFR2 were involved in 
the regulation of BLCA cell proliferation and migration. Previous 

F IGURE  4 Overexpression of fibroblast growth factor receptor 2 (FGFR2) reversed microRNA-223 (miR-223)-induced cell growth and 
migration inhibition in vitro. UM-UC-3 cells were transfected with miR-223 mimics combined with or without the FGFR2 overexpression 
vector. A, Quantitative RT-PCR assay showing the expression of miR-223. Data are presented as mean ± SD. ***P < .001 vs NC. B,C, 
Western blot showing FGFR2 expression. Relative protein levels (C) were analyzed and data are presented as mean ± SD. ***P < .001 vs NC. 
###P < .001 vs mimic. D, CCK-8 assays were carried out to assess cell proliferation. Data are presented as mean ± SD. ***P < .001. #P < .05 
vs mimic. E,F, Cloning formation assay showing cell proliferation of UM-UC-3. Data are presented as mean ± SD. ***P < .001. ###P < .001 
vs mimic. G,H, Cell migration and invasion were determined in UM-UC-3 cells using Transwell assays. Data are presented as mean ± SD. 
***P < .001 vs NC. #P < .05 vs mimic. NC, normal control
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studies have reported that miR-223 acts as a suppressor and as a 
potential therapeutic target for glioblastoma,23 colorectal cancer,24 
lung cancer,25 colon adenocarcinoma,26 and bladder cancer.27 In the 
present study, we also found that downregulation of circUVRAG 
promoted miR-223 expression. Bioinformatics analysis found that 
circUVRAG interacted with several miRNAs including miR-507, miR-
508, and miR-653, but miR-223 has more conservative binding sites. 
Suppressed miR-223 reversed circUVRAG silencing-induced BLCA 
cell proliferation and migration inhibition, suggesting that circU-
VRAG acted as a “miRNA sponge,” which interacted with miR-223 
and suppressed the activation of miR-223. Luciferase reporter anal-
ysis confirmed that miR-223 was the target of circUVRAG.

Our data also showed that miR-223 interacted with the 3′-UTR 
of FGFR and suppressed FGFR2 expression on a post-transcriptional 
level. Overexpression of FGFR2 reversed miR-223-induced BLCA 
cell proliferation and migration inhibition. The FGFR2 gene at human 
chromosome 10q26 encodes FGFR2b and FGFR2c isoforms func-
tioning as FGF receptors with distinct expression domains and ligand 
specificities. FGFR2 plays oncogenic and anti-oncogenic roles in a 
context-dependent way.28,29 Suppression of FGFR2 shows potent 
antitumor activity in bladder cancer cells in both in vitro and in vivo 
studies.30 Taken together, these findings implicated a remarkable 
tumor suppressor role of the miR-223/FGFR2 pathway in BLCA.

Collectively, our study showed for the first time that silencing 
circUVRAG suppressed the proliferation and metastasis abilities of 
BLCA cells by targeting the miR-223/FGFR2 axis, which indicated 
that circUVRAG could be used as a potential biomarker for the prog-
nosis of BLCA.
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