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Abstract. – OBJECTIVE: Bladder cancer (BLCA) 
is the most common genitourinary malignancy in 
the world. Recent studies have revealed that cir-
cular RNAs (circRNAs) are dysregulated in ma-
lignant tumors and participate in carcinogenesis. 
The purpose of our work is to uncover how hsa_
circ_0017247 functions in BLCA.

PATIENTS AND METHODS: In this research, 
Real Time-quantitative Polymerase Chain Re-
action (RT-qPCR) was conducted to monitor 
hsa_circ_0017247 expression in BLCA sam-
ples. Besides, proliferation assay, colony forma-
tion assay, and flow cytometry assay were per-
formed in BLCA cells after hsa_circ_0017247 was 
knocked down. Meanwhile, the Western blot as-
say was conducted to explore the target signal-
ing pathway of hsa_circ_0017247. Furthermore, 
tumor formation and metastasis assays were al-
so conducted in vivo.

RESULTS: Compared with the adjacent tissues, 
a significant upregulation in hsa_circ_0017247 ex-
pression was observed in BLCA samples. Func-
tional assays showed that the inhibition of cell 
proliferation was induced via downregulating hsa_
circ_0017247 in BLCA in vitro, while the promotion 
of cell proliferation was induced via downregulat-
ing hsa_circ_0017247 in BLCA in vitro. Moreover, 
the results of further experiments revealed that 
the targeted proteins in the Wnt/β-catenin signal-
ing pathway were downregulated via knockdown 
of hsa_circ_0017247 in BLCA. In addition, tumor 
formation and metastasis of BLCA were inhibited 
via knockdown of hsa_circ_0017247 in nude mice.

CONCLUSIONS: We discovered a vital regu-
latory mechanism of hsa_circ_0017247 in BLCA 
which might serve as a new therapeutic inter-
vention for BLCA patients.
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Introduction

Bladder cancer (BLCA) remains the second 
most common genitourinary malignancy which 
also ranks the seventh most frequent cancer in the 
world1. The incidence has been increasing with 
a stable rate in most countries2. Moreover, it has 
been estimated that 549,393 new BLCA patients 
were diagnosed with this disease in 2018 and 
990,724 new cases would be expected to suffer 
from BLCA in 20403. In addition, BLCA consti-
tuted 199,922 cancer-related deaths in 2018 and 
the number was predicted to double in 20404. The 
5-year survival rate for BLCA patients remains 
dismal because of the migration to surrounding 
organs and lymph nodes or distant organs5. There-
fore, it’s very important and urgent to figure out 
potential early detection markers and therapeutic 
targets of BLCA.

Circular RNAs (circRNAs) are a large class 
of non-protein-coding transcripts. Recently, cir-
cRNAs have caught much attention for key reg-
ulators of important biological processes during 
the development and progression of tumors. Cir-
cular RNAs (circRNAs) are tissue-specific, ubiq-
uitously expressed noncoding RNAs. The major-
ity of circRNAs are more stable than linear RNA 
due to their resistance to exonucleolytic degrada-
tion6. Serving as microRNA (miRNA) sponges is 
the first described function of cellular circRNAs. 
Recently, it has been reported that circRNAs par-
ticipate in tumorigenesis in a variety of cancers. 
For example, by sponging miR-424-5p and mod-
ulating the expression of LATS1, circ _LARP4 
suppresses cell proliferation and cell invasion in 
gastric cancer7. Circ VPS13C-has-circ-001567 is 
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upregulated in ovarian cancer and promotes cell 
proliferation and cell invasion8. By regulating 
the expression of miR-29a, circ MYLK functions 
as an oncogene and promotes the progression of 
prostate cancer9. CircRNA 100146 functions as an 
oncogene and enhances cell proliferation and cell 
in non-small cell lung cancer by binding to miR-
615-5pand miR-361-3p directly10.

Hsa_circ_0017247 is a novel circRNA in nu-
merous cancers. The fundamental role of hsa_
circ_0017247 has been identified in tumor me-
tastasis and proliferation. However, the role of 
hsa_circ_0017247 in BLCA is still unclear. In this 
report, we first discovered that hsa_circ_0017247 
was involved in cell proliferation, apoptosis, and 
cell cycle by inducing Wnt/β-catenin signaling 
pathway in BLCA cells, which might offer new 
insights on the therapy of BLCA.

Patients and Methods

Clinical Samples
Human BLCA tissues and adjacent tissues were 

obtained from 50 BLCA patients at the Tongren 
Hospital, Shanghai Jiao Tong University School 
of Medicine from April 2016 to December 2018. 
This research was approved at Hospital’s Protec-
tion of Human Subjects Committee of Tongren 
Hospital, Shanghai Jiao Tong University School 
of Medicine required. All cases were diagnosed 
with BLCA by two independent pathologists 
without any controversy. Written informed con-
sent was offered by each patient before surgery.

Cell Culture
Four BLCA cell lines (UM-UC3, SW780, BIU, 

and J82) were purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). 
The culture medium Dulbecco’s Modified Eagle’s 
Medium (DMEM; Hyclone, South Logan, UT, 
USA) and 10% fetal bovine serum (FBS; Gibco, 
Carlsbad, CA, USA) were used to incubate the 
cells in an incubator containing 5% CO2 at 37°C. 

Cell Transfection
For transfection, lentivirus expressing short-hair-

pin RNA (shRNA) targeting hsa_circ_0017247 was 
compounded and then cloned to a pLenti-EF1a-EG-
FP-F2A-Puro vector (Biosettia Inc., San Diego, CA, 
USA). Hsa_circ_0017247 shRNA and negative con-
trol shRNA were used for transfection in J82 BLCA 
cells with lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s protocol.

RNA Extraction and Real Time-Quantitative 
Polymerase Chain Reaction (RT-qPCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) was utilized to isolate total RNA from tis-
sues and cells. SYBR green (Roche, Basel, Swit-
zerland) was conducted to measure the relative 
expression levels by normalized to β-actin. The 
primers were used as follows: hsa_circ_0017247, 
forward: 3’-ACTGCCAGAAAGTGTGTCCC-5’; 
circ_0017247, reverse: 3’-TCCTATGAATGAG-
CCATCTGTCT-5’; β-actin, forward 5′- GATG-
GAAATCGTCAGAGGCT-3′ and reverse 5′-TGG-
CACTTAGTTGGAAATGC -3′. The thermal cycle 
was as follows: 30 sec at 95°C, 5 sec for 40 cycles at 
95°C, 35 sec at 60°C. The relative expression was 
calculated by performing the 2-∆∆CT method.

Methyl Thiazolyl Tetrazolium (MTT) Assay
Following the manufacturer’s protocol, 2 ×103 

transfected cells were seeded in 96-well plates 
and cell proliferation was assessed by the Cell 
Proliferation Reagent Kit I (MTT; Roche, Basel, 
Switzerland) at 0, 24, 48, and 72 h. Absorbance 
at 490 nm was assessed using an ELISA reader 
system (Multiskan Ascent, LabSystems, Helsin-
ki, Finland).

Flow Cytometry Assay
Flow cytometry binding buffer (100 μL) was 

added after harvested cells were washed twice 
using ice-cold. A mixture containing 5 μL An-
nexin V/FICC (fluorescein isothiocyanate) and 
5 μL propidium iodide (PI; BD, Franklin Lakes, 
NJ, USA) was used for staining these cells for 
15 min in the dark. Then, they were added with 
400 microliters binding buffer. FACSCalibur flow 
cytometer (BD Biosciences, Franklin Lakes, NJ, 
USA) was performed to analyze cell apoptosis. 

2×105/mL cells were diluted by RNase A in 
75% ice-cold ethanol overnight. These cells were 
stained with propidium iodide (PI; 50 mg/mL; 
BD, Franklin Lakes, NJ, USA) in the dark for 30 
min at 4°C. The distribution of the cell cycle was 
analyzed were measured with a flow cytometer 
(FACScan; BD Bioscience, CA, USA).

Western Blot Analysis
Cell samples were washed with precooled 

phosphate-buffered saline (PBS) and then lysed 
with cell lysis radioimmunoprecipitation assay 
(RIPA; Beyotime, Shanghai, China). The protein 
concentration was detected using bicinchoninic 
acid (BCA; Thermo Fisher Scientific, Waltham, 
MA, USA). The proteins were transferred on to RE
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a polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA), blocked in 
Tris-Buffered Saline and Tween-20 (TBST; 25 
mM Tris, 140 mM NaCl, and 0.1% Tween 20, 
pH 7.5) containing 5% skimmed milk and incu-
bated for 2 h. The proteins were incubated with 
the primary antibody of target proteins including 
Wnt3a, β-catenin, C-myc, and Survivin (Abcam, 
Cambridge, MA, USA) in the Wnt/β-catenin sig-
naling pathway and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH; Abcam, Cambridge, 
MA, USA) and incubated at 4°C overnight. Af-
ter being washed (3 × 10 min) with TBST, the 
secondary antibody was added and incubated at 
room temperature for 1 h. Results were analyzed 
by Image J software (Media Cybernetics, Silver 
Springs, MD, USA). 

Xenograft Model
For the tumor formation assay, transfected cells 

were subcutaneously injected into NOD/SCID 
mice (6 weeks old). Tumor diameters were detect-
ed every 5 days after inoculation. Tumor volume 
was calculated as the formula (volume= length × 
width2 × 1/2). Mice were sacrificed and tumors 
were extracted after 4 weeks. The animal experi-
ments were approved by the Animal Ethics Com-
mittee of Shanghai Jiao Tong University School 
of Medicine.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 (IBM Corp., Armonk, NY, USA) was 
utilized to conduct the statistical analysis. Two-
tailed Student’s t-test was performed to analyze 
the significance. When p<0.05, the data were con-
sidered statistically significant.

Results

Expression Level of Hsa_circ_0017247 
in Tissues and Cells of BLCA

To determine how hsa_circ_0017247 func-
tioned in the tumorigenesis of BLCA, RT-qPCR 
was conducted to detect hsa_circ_0017247 ex-
pression in 50 patients’ tissues and four BLCA 
cells. As was shown in Figure 1A, upregulated 
hsa_circ_0017247 was observed in BLCA tissue 
samples compared with that in adjacent tissues. 
Besides, as was shown in Figure 1B, the hsa_
circ_0017247 expression level was the highest in 
J82 cells among four BLCA cells.

Hsa_circ_0017247 Knockdown 
Repressed Cell Growth Ability 
in BLCA Cells

To determine whether hsa_circ_0017247 had 
a vital function in BLCA, J82 cells were cho-
sen for knockdown of hsa_circ_0017247. The 
hsa_circ_0017247 shRNA and negative control 
shRNA were synthetized and transduced into J82 
cells. Then, the hsa_circ_0017247 expression was 
determined by RT-qPCR (Figure 2A). As was 
shown in Figure 2B, MTT assay results showed 
that the inhibition of cell viability in BLCA cells 
was induced by knockdown of hsa_circ_0017247. 
To further confirm the outcome of the MTT as-
say, we performed colony formation assays in 
BLCA cells. As was shown in Figure 2C, colony 
formation assay results showed that the number 
of colonies was reduced after hsa_circ_0017247 
was knocked down. These results indicated hsa_
circ_0017247 served as an oncogene in the prolif-
eration of BLCA.

Figure 1. Expression levels of hsa_circ_0017247 in BLCA tissues and cell lines. A, Hsa_circ_0017247 expression was sig-
nificantly upregulated in the BLCA tissues compared with adjacent tissues. B, Expression levels of hsa_circ_0017247 relative 
to β-actin were determined in the human BLCA cell lines by RT-qPCR. Data are presented as the mean ± standard error of the 
mean. *p<0.05.RE
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Hsa_circ_0017247 Knockdown 
Promoted Cell Apoptosis and Regulated 
Cell Cycle in BLCA Cells

To explore the effect of hsa_circ_0017247 on 
the cell apoptosis and cell cycle of BLCA cells, 
flow cytometry assay was performed. As was 
shown in Figure 3A, a significant increase was 
viewed in the percentage of cell apoptosis in 
BLCA cells transfected with hsa_circ_0017247 
shRNA. As was shown in Figure 3B, the percent-
age of G0/G1 cells was increased and the percent-
age of S cells was reduced after the downregula-
tion of hsa_circ_0017247 in BLCA cells. These 
results suggest that hsa_circ_0017247 functioned 
in regulating apoptosis and cell cycle of BLCA.

The Interaction Between Wnt/β-Catenin
Signaling Pathway and Hsa_circ_0017247
in BLCA Cells

To explore the underlying mechanism of 
hsa_circ_0017247 function in BLCA, RT-qP-
CR and Western blot assay were conducted 
to detect the target proteins in Wnt/β-catenin 

signaling pathway such as Wnt3a, β-catenin, 
C-myc, and Survivin. As was shown in Figure 
4A, the mRNA expression of Wnt3a, β-catenin, 
C-myc, and Survivin could be downregulated 
via the knockdown of hsa_circ_0017247. As 
was shown in Figure 4B, the protein level of 
Wnt3a, β-catenin, C-myc, and Survivin could 
be downregulated via the knockdown of hsa_
circ_0017247. These results suggested that hsa_
circ_0017247 participated in the regulation of 
the Wnt/β-catenin signaling pathway and fur-
ther promoted BLCA development.

Hsa_circ_0017247 Knockdown Inhibited 
Tumor Formation In Vivo

The ability of hsa_circ_0017247 in tumor for-
mation was further detected in vivo. As was shown 
in Figure 5A, the tumor size in hsa_circ_0017247 
shRNA group was smaller than that in negative 
control shRNA group. As was shown in Fig-
ure 5B, the weight of dissected tumors in hsa_
circ_0017247 shRNA group was smaller than that 
in negative control shRNA group.

Figure 2. Knockdown of hsa_circ_0017247 inhibited BLCA cell proliferation. A, Hsa_circ_0017247 expression in BLCA cells 
transduced with negative control shRNA (NC) or hsa_circ_0017247 shRNA (shRNA) was detected by RT-qPCR. β-actin was 
used as an internal control. B, MTT assay showed that the inhibition of cell viability in BLCA cells was induced by knockdown 
of hsa_circ_0017247. C, Colony formation assay results showed that number of colonies was reduced after hsa_circ_0017247 
was knocked down (magnification: 10×). The results represent the average of three independent experiments (mean ± standard 
error of the mean). *p<0.05
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Discussion

Evidence has proved that circRNAs participate 
in the regulation of BLCA development and are 
used to predict the treatment response, assess the 
disease state and clinical outcome. Serving as a 
competing endogenous RNA, circ-MYLK facili-
tates the progression of BLCA by modulating the 
VEGFA/VEGFR2 signaling pathway11. Through 
the miR-31-5p/RAB27A axis, knockdown of circ-
BPTF suppresses recurrence and tumor progres-
sion of BLCA12. By suppressing RUNX2 and 

stimulating miR-217expression, low expression 
of hsa_circ_0000144 restrains the progression of 
BLCA13. CircPTK2 promotes cell proliferation 
and cell migration in BLCA which may be a ther-
apeutic target and a novel potential biomarker for 
BLCA14. In previous studies15, circ_0017247 was 
initially discovered in osteosarcoma and promot-
ed cell proliferation of osteosarcoma. Our study 
showed that the expression of hsa_circ_0017247 
was upregulated in BLCA tissues. Furthermore, 
after hsa_circ_0017247 was knocked down, the 
cell proliferation was suppressed, cell apoptosis 

Figure 3. Knockdown of hsa_circ_0017247 promoted BLCA cell apoptosis and regulated cell cycle. A, Significant increase 
viewed in the percentage of cell apoptosis in BLCA cells transfected with hsa_circ_0017247 shRNA. B, Percentage of G0/G1 
cells was increased and the percentage of S cells was reduced after downregulation of hsa_circ_0017247 in BLCA cells. The 
results represent the average of three independent experiments (mean ± standard error of the mean). *p<0.05

Figure 4. Interaction between Wnt/β-catenin signaling pathway and hsa_circ_0017247 in BLCA. A, RT-qPCR results revealed 
that the expression of target proteins in Wnt/β-catenin signaling pathway was downregulated in shRNA group compared with 
NC group. B, Western blot assay results revealed that the expression of target proteins in Wnt/β-catenin signaling pathway was 
downregulated in shRNA group compared with NC group. The results represent the average of three independent experiments. 
Data are presented as the mean ± standard error of the mean. *p<0.05.RE
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was promoted, and the cell cycle was regulated 
in BLCA cells. These data indicated that hsa_
circ_0017247 functioned as an oncogene and pro-
motes tumorigenesis of BLCA.

Recently, circRNAs have been reported to par-
ticipate in the regulation of signaling pathway 
in tumorigenesis. The Wnt/β-catenin signaling 
pathway is one of the most important pathways 
which are vital processes of tumor proliferation 
and metastasis. Wnt proteins mediate a variety 
of processes during embryogenesis by modulat-
ing integrity of the stem cell, stem cell division, 
and migration. Wnt/β-catenin signaling in me-
tastasis-initiating cells has been suggested to be 
an important regulatory role in the progression 
of several cancers which may be a promising 
therapeutic target. For instance, the up-regula-
tion of circ-ITCH inhibits cell proliferation and 
cell metastasis in triple-negative breast cancer by 
regulating the Wnt/β-catenin pathway16. Through 
the downregulation of Wnt/β-catenin signaling 
and FZD4 expression induced by miR-516b, cir-
cRNA_100290 enhances the progression of col-
orectal cancer17. Circ_0067934 facilitates tumor 
growth and cell migration in hepatocellular carci-
noma by modulating miR-1324/FZD5/Wnt/β-cat-
enin signaling18. Through the regulation of 
miR-135a-5p/SIRT1 pathway, has_circ_0001946 
accelerates cell growth of lung adenocarcinoma 
via the activation of Wnt/β-catenin axis19.

Then, further experiments were used to identify 
the association between Wnt/β-catenin pathway 
and hsa_circ_0017247. After hsa_circ_0017247 
was knocked down in vitro, target proteins 
in Wnt/β-catenin signaling pathway could be 
downregulated via the knockdown of hsa_

circ_0017247. All the results above suggested that 
hsa_circ_0017247 might promote tumorigenesis 
of BLCA via activating the Wnt/β-catenin signal-
ing pathway. To further verify the oncogenic role 
of hsa_circ_0017247 in BLCA, experiments were 
performed in vivo. We found that the inhibition 
of BLCA tumor formation was triggered by the 
knockdown of hsa_circ_0017247. 

Conclusions

We showed that hsa_circ_0017247 is a new 
biomarker in the progression of BLCA and could 
enhance BLCA development and inhibit apopto-
sis through the activation of the Wnt/β-catenin 
signaling pathway.
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