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Abstract: Objective: The objective of this study was to investigate the effect on the proliferation, invasion, and apop-
tosis of bladder cancer cells through miR-502-5p of the Circ_0000735 circular RNA. Methods: Circ_0000735 and
miR-502-5p expression of bladder cancer patients in malignant and paracancerous tissues was identified using
gRT-PCR. Nucleoplasm isolation assay and RNase R enzymatic assay were used to classify Circ_0000735 subcel-
lular origin and stability. Dual luciferase reporter assay and RIP assay were used to confirm Circ_0000735 and
miR-502-5p targeting relationships. Cell proliferation, apoptosis, and invasion capacity were identified using CCK8,
flow cytometry, and transwell assays. To confirm the effect of Circ_0000735 on tumorigenesis in nude mice, in vivo
experiments were conducted. Results: Circ_00007 35 expression was increased in bladder cancer tissues and cells
compared with paraneoplastic tissues and normal cells, and miR-502-5p expression was reduced (both P<0.05). In
the cytoplasm, Circ_0000735 was largely clustered and could not be digested by the RNase R enzyme, and ceRNA
may play a role in bladder cancer cells. Circ_0000735 silencing prevented cell proliferation and invasion and facili-
tated apoptosis (all P<0.05). The incorporation of miR-502-5p inhibitor rescued the effect on bladder cancer cells
of Circ_0000735 silencing. In vitro experiments showed that inhibition of Circ_0000735 expression was beneficial
in suppressing tumorigenic ability in nude mice. Conclusion: Circ_0000735 can adsorb miR-502-5p to promote
bladder cancer cell proliferation and invasion and inhibit apoptosis. Circ_0000735 may be an effective molecular
target for bladder cancer therapy.
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Introduction important to understand and new therapeutic
targets can be identified.

Bladder cancer is a common urinary system

malignant tumor [1]. Bladder cancer has the
highest morality among urinary system tumors
according to Chinese cancer statistics [2].
Despite improving earlier diagnosis and sys-
temic treatment of bladder cancer, many pa-
tients get a recurrence or metastasis [3]. There
are two sub-types of bladder cancer based on
the tumor’s penetration depth: non-muscle-
invasive tumors and tumors with muscle inva-
sion [4]. Invasive tumors comprise about 20-30
percent of all primary bladder tumors and have
a worse prediction due to a higher likelihood of
metastasis [5]. Invasive tumors are more com-
mon. Therefore its mechanism of action is

Circular RNAs (circRNAs), unlike traditional lin-
ear RNAs, are a class of endogenous circular
non-coding RNAs [6]. circRNAs originate from
exonic or intronic regions of genes and are sta-
bly present in the cell. circRNAs are abundant in
mammalian cells, unlike linear RNAs [7]. Once
thought to be a byproduct of gene mis-tran-
scription, circRNAs are now considered impor-
tant regulators of a variety of intracellular pro-
cesses, such as the development and progres-
sion of cancer cells [8].

Different RNAs (mRNAs, pseudogenes, Inc-
RNAs) may function as competitive endogenous
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RNAs (ceRNAs) by competitively binding mi-
croRNAs (miRNAs) in the cytoplasm [9]. As a
novel non-coding RNA, circRNAs were recog-
nized as a form of ceRNA acting as miRNA
sponges, resulting in a loss of miRNA function
[10]. CircRNA ciRS-7, for example, was the most
commonly known and well-studied circRNA,
which can facilitate the metastases of various
tumors by sponging miR-7 [11-13]. CircFBXW7
is regulated in tumor tissues and prevents the
malignant progression of cancer cells by regu-
lating miR-197-3p and encoding a 185-AA pro-
tein [14]. CircKIF4A is identified as a tumor-pro-
moting factor for bladder cancer by competing
with endogenous RNAs [15]. circ_0000735
is transcribed from the gene P2RX1 and is
predominantly located at chrl17:3802927-
3808661 (hg19). Circ_0000735 is reported to
be upregulated in prostate cancer, and pro-
motes the proliferation and colony formation
and inhibits apoptosis of cancer cells by spong-
ing miR-7 [16]. Besides, Circ_0000735 expres-
sion is increased in non-small cell lung cancer.
It also sponges miR-1179/1182, which pro-
motes the malignant progression of cancer
cells [17]. We speculate that Circ_0000735
may also promote the development of bladder
cancer.

We explored the role and function of Circ_
0000735 in bladder cancer in this research. In
bladder cancer tissues and cells, the expres-
sion of Circ_0000735 was increased. The
silencing of Circ_0000735 substantially pre-
vented the development of bladder cancer, so
we consider that Circ_0000735 may be an
oncogene in bladder cancer. RIP and dual lucif-
erase reporter assays have verified that
Circ_0000735 will bind to miR-502-5p, which is
the target gene for Circ_0000735. In conclu-
sion, Circ_0000735 may sponge miR-502-5p
to facilitate the progression of bladder cancer.

Materials and methods
OC organization collection

Primary bladder cancer tissues and paraneo-
plastic tissues were collected from Affiliated
Hospital of Xiangnan University. Immediately
after the resection, the tissue was frozen. This
study was approved by the Ethics Committee of
the Affiliated Hospital of Xiangnan University
and was in accordance with the Helsinki De-
claration. Informed consent was obtained from
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all patients. Animal experiments have been
performed in line with the recommendations of
the Animal Treatment and Experiment Com-
mittee of the Affiliated Hospital of Xiangnhan
University.

Cell culture and transfection

Both cell lines used in this research were pur-
chased from ATCC, USA, namely SV-HUC, 5637,
RT-112 and BIU-87. Cells were grown in a
medium comprising 10% FBS in RPMI 1640
(31870082, Thermo Fisher Scientific, Inc., USA)
and deposited in an incubator at 37°C and 5%
CO,.
The cultured cells were randomly divided into
Blank (control group), si-NC (negative control
sequence transfection), si-circ (si-circ transfec-
tion), si-circtinhibitor-NC (si-circ and inhibitor-
NC transfection), si-NC+miR-502-5p (si-NC and
miR-502-5p inhibitor transfection), and si-
circ+miR-502-5p (si-circ and miR-502-5p inhib-
itor transfection). Shanghai Genepharma Phar-
maceutical Technology Co. engineered and syn-
thesized the sequences. Using the Lipofe-
ctamine™ 3000 transfection reagent, the
sequences were transfected into BIU-87 cells
and according to the kit instructions.

Nucleoplasm isolation assay

500 pL of CER reagent was applied to every
1x107 cells or every 100 uL (cell volume af-
ter centrifugation) of cell precipitate using the
Nucleus-Cytoplasmin-Cytoplasmic Membrane
Preparation Kit (P1201, Beijing Apply Gene
Technology Co., China), according to the manu-
facturer’s instructions. Then the mixture was
resuspended by shaking and bathed for 2 min-
utes with ice. In an ice bath, the cell suspen-
sions were manually homogenized 20-30
times. To acquire the nucleus and cytosol-cyto-
plasmic supernatant at the bottom of the tube,
frozen tissue was homogenized and lysed by
centrifugation. The supernatant and the pre-
cipitate were separately transferred.

RNase R enzymatic tests

Total RNA extracted from tissues and cells (2
ug) was incubated at 37°C for 20 minutes, and
3 U/ug RNase R was then added. Using the
RNeasy MinElute Purification Kit (74204, Hang-
zhou Watson Biotechnology Co., Ltd., China),
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Table 1. gRT-PCR sequences

time gPCR was used to detect binding

Names Sequence (5’-3)

products.

Circ_0000735 Forward GTGGAGTGGTTGGCATCACC

Reverse GAGAAACACCCACCTGAAGTTGA

miR-502-5p Forward ATCCTTGCTATCTGGGTGCTA
Reverse CGAATTCTAGAGCTCGAGGCAGG

GAPDH Forward ACCACAGTCCATGCCATCAC
Reverse TCCACCACCCTGTTGCTGTA

ue Forward GCUUCGGCAGCACAUAUACUAAAAU

Reverse CGCUUCACGAAUUUGCGUGUCAU

CCK-8

A total of 5x103 cells were inoculated in
96-well plates. In each of these wells, 10
uL of CCK-8 was added. The absorbance
at 450 nm was measured to detect the
proliferation of cells after incubation at
37°Cover1h.

the resulting RNA was then purified, and the
final gRT-PCR analysis was carried.

Analysis of dual luciferase reports

BIU-87 bladder cancer cells were inocula-
ted into 96-well plates with 3x10° cells per
well. The plasmids Circ_0000735-wt and Circ_
0000735-mut were constructed, transfected
for 48 h with miRNA mimics or inhibitors, and a
dual luciferase reporter kit (RG027, Shanghai
Beyotime Biotechnology Co., Ltd., China) was
used to detect the relative activity of luci-
ferase.

Quantitative real-time polymerase chain reac-
tion

Using the Trizol kit (15596026, Thermo Fisher
Scientific, Inc., USA), total RNA was extracted
from cells and fresh tissues as directed by the
manufacturer, and cDNA was synthesized using
a reverse transcription kit (Thermo Scientific
Technologies, USA), accompanied by Real-time
Quantitative Fluorescence PCR. GAPDH and U6
were used as internal references. The primer
sequences are shown in Table 1.

RIP

According to the guidance of the maker, the
Magna RIP suite (17-700, Shanghai Hu Zhen
Industrial Co., China) and Ago2 antibody (hz-
50683-R036) were applied. A total of 107
transfected cells were washed twice in a buffer
of equivalent volume of ice-cold PBS and RIP
lyses, and 2 ug of primary antibody were incu-
bated for 2 hours at 4°C. Each sample was sub-
sequently applied with 50 ug of prepared mag-
netic beads and overnight incubated at 4°C.
The beads were briefly rinsed 5 times with RIP
buffer and were resuspended in Trizol. Real-
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Transwell

A total of 24 wells were used to test cell inva-
sion in BD Transwell chambers. Cells were inoc-
ulated in 500 L serum-free medium and then
it was applied as a chemoattractant to the
lower chamber with a 10% FBS. On the lower
surface of the inserts we have set and stained
the invading cells with 1% crystalline violet for
the first day after incubation to 37°C. The cells
were eventually counted and pictured.

Flow cytometry analysis

300 g of suspendedcells and cells attached to
the tube were collected after digestion with
trypsin without EDTA and centrifugation at 4°C
for 5 min, respectively; cells were washed twice
with 300 g pre-cooled PBS, and were centri-
fuged at 4°C for 5 min. 1x10°% to 5x10° were
collected. PBS was removed and 100 pL of 1x
Binding Buffer was applied to the resuspended
cells; 5 pL of Annexin V-FITC and 10 uL of PI
Staining Solution were applied and gently com-
bined; the sample was set at room temperature
for 10-15 min; 400 pL of 1x Binding Buffer was
added, combined and deposited on ice, and
samples were identified by flow cytometry with-
in 1 hour. With a passband filter at 515 nm,
FITC fluorescence was observed by excitation
at 488 nm and Pl was observed with a pass-
band filter at 560 nm. The lower left quadrant is
for living cells, the upper right quadrant is for
necrotic cells and the lower right quadrant is for
apoptotic cells in the bivariate flow cytometry
two-dimensional scatter plot.

Mouse xenograft model

The dorsal side of BALB/c nude mice (4 weeks
old, female) was subcutaneously injected with
5x107 BIU-87 bladder cancer cells. Mice were
randomly clustered (5 mice/group) and intratu-
morally injected with cholesterol-modified si-NC
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Figure 1. Relative expression of Circ_0000735. A: Circ_0000735 expres-
sion in tissues; B: Circ_0000735 expression in cells. Compared with SV-

HUC, "P<0.05.

or si-circ_0000735 at 20 mg/kg every 4 days
after a tumor became palpable. The mice were
euthanized, weighed, and tumors were regis-
tered after 4 weeks.

Statistical analysis

In this research, every statistical analysis was
done with SPSS 22.0 (SPSS, Inc., Chicago, IL,
USA). Quantitative data were expressed as
mean * standard deviation (X * sd). The t-test
was used to compare the groups. P<0.05 was
considered significant.

Results

Circ_0000735 expression was enhanced in
bladder cancer tissues and cells

The expression of Circ_0000735 was observed
by gRT-PCR in bladder cancer tissues, and
Circ_0000735 was highly expressed in cancer
tissues (P<0.0001) compared to adjacent
healthy tissues (n=30) (Figure 1A). In addition,
Circ_0000735 was significantly upregulated
relative to SV-HUC cell lines in 5637, RT-112,
and BIU-87 cell lines (all P<0.05) (Figure 1B).
For subsequent experiments, the BIU-87 cell
line will be chosen. The findings showed that
in bladder cancer tissues and cells, Circ_
0000735 was highly expressed.

Knockdown of circ_0000735 inhibited the pro-
liferation and invasion of bladder cancer cells
and induced apoptosis

In order to observe the possible role of
circ_0000735 in cells, circ_0000735 was first
extracted in BIU-87 cells (Figure 2A) and si-
circ#2 with the highest knockdown efficacy
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was chosen for the follow-up
assay; CCK-8 revealed that the
knockdown of circ_0000735
substantially reduced the sp-
read of bladder cancer (P<
0.05) (Figure 2B); Flow cytom-
etry analysis showed that once
& circ_0000735 was downregu-
i lated in BIU-87 cells, the num-
ber of apoptotic cells increased
rapidly (P<0.05) (Figure 2C). As
shown in Figure 2D, relative to
the si-NC group, the number of
invading cells was significantly
reduced in cells transfected with si-circ_
0000735 with BIU-87 (P<0.05).

circ_0000735 is predominantly cytoplasmic
and cannot be degraded by RNase R

Circ_0000735 was mainly localized in the cyto-
plasm as detected by nucleoplasm isolation
experiments (Figure 3A). RNase R usually
degrades the phosphodiester bond at the end
of the RNA by exonuclease and can digest mo-
st linear RNA molecules, but cannot easily
digest circular RNA. The results showed that
circ_0000735 could not be digested by RNase
R enzyme (P<0.05), indicating that circ_
0000735 was resistant to RNase R enzyme,
and circ_0000735 had a cyclic structure
(Figure 3B).

miR-502-5p is down-regulated in bladder can-
cer tissues and cells and has a target-binding
relationship with circ_0000735

In cancer tissues, miR-502-5p was under-
expressed (P<0.05) (Figure 4A) relative to adja-
cent healthy tissues (n=30). In addition, miR-
502-5p was significantly down-regulated rela-
tive to SV-HUC cell lines (all P<0.05) in 5637,
RT-112, and BIU-87 cell lines (Figure 4B). Co-
rrelation analysis showed that circ_0000735
levels were negatively correlated with miR-502-
5p levels (P<0.0001, r=-0.6634) (Figure 4C) in
bladder cancer tissues. Several binding sites
between circ_0000735 and miR-502-5p (Fi-
gure 4D) were analyzed by the bioinformatics
tool circinteractome (https:/circinteractome.
nia.nih.gov). We conducted a dual luciferase
reporter assay to validate the relationship
between them. The results showed that the
luciferase activity of 293 T cells transfected

Int J Clin Exp Pathol 2020;13(12):2994-3003
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Figure 2. Effects of knocking out circ_0000735 on cell proliferation, invasion, and apoptosis. A: circ_0000735
knockdown results; B: Knockdown of circ_0000735 inhibited cell proliferation; C: Flow cytometry detection of apop-
tosis; D: Cell invasion results by Transwell method (400x). Compared with si-NC group, *P<0.05.
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Figure 3. Nature of circ_0000735. A: Nucleus isolation assay de-
tects circ_0000735 localization to the cytoplasm. B: qRT-PCR detects
circ_0000735 resistance to RNase R.

with circ_0000735-wt (P<0.05) was significant-
ly reduced by miR-502-5p transfection but did
not alter the luciferase activity of 293 T cells
transfected with circ_0000735-mut (Figure
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4E). The circ_0000735 knock-
down group was more suc-
cessful than the control gro-
up in terms of the luciferase
assay (P<0.05). The Ago2 anti-
body was effectively precipi-
tated by miR-502-5p (Figure
4F). Such data indicate that
miR-502-5p is actually a circ_
0000735 target, and circ_
0000735 affects its level of
expression in bladder cancer
cells.

The effect of si-circ_0000735
on bladder cancer cells can be

partially rescued by miR-502-5p inhibitor

The CCK-8 and Transwell tests showed that
circ_0000735 knockdown could significantly

Int J Clin Exp Pathol 2020;13(12):2994-3003
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Figure 4. Relative expression of miR-502-5p and its targeting relationship with circ_0000735. A: miR-502-5p ex-
pression in tissues; B: miR-502-5p expression in cells; C: miR-502-5p and circ_0000735 are negatively correlated.
D: The website predicts the presence of complementary sequences between miR-502-5p and circ_0000735; E:
Dual luciferase reports the results of the experiment. F: RIP experimental results. Compared with SV-HUC, "P<0.05.

inhibit cell proliferative activity and invasion
number relative to the si-NC group (P<0.05),
while miR-502-5p inhibitor could partly inhibit
the effect of si-circ_0000735 on the spread
and invasion of bladder cancer cells (Figure 5A
and 5C). Flow cytometry analysis found that in
the si-circ_0000735 and si-circ_0000735+NC
inhibitor groups, apoptosis was considerably
induced compared to the si-NC classes (both
P<0.05). The reversed miR-502-5p inhibitor
was partly caused by the si-circ_0000735
induced apoptosis rate (Figure 5B). In conclu-
sion, the effects of si-circ_0000735 on bladder
cancer cell proliferation, invasion and apopto-
sis were partially rescued by miR-502-5p
inhibitor.

Circ_0000735 knockdown inhibits tumorigen-
esis in nude mice

A mouse xenograft model was created to fur-
ther evaluate the role of circ_0000735 in
vivo. The results showed that silencing circ_
0000735 could reduce tumor volume and
weight relative to the si-NC group as deter-
mined by the BIU-87 bladder cancer cell line
(both P<0.05) (Figure 6). The results showed
that circ_0000735 knockdown could inhibit the
tumorigenic ability innude mice.
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Discussion

For the first time, this study showed the role of
Circ_0000735 in tissues and cells of bladder
cancer. Circ_0000735 knockdown functionally
inhibited bladder cancer cell proliferation, inva-
sion, and tumor formation, and promoted apop-
tosis. Circ_0000735 mechanistically has a tar-
get-binding relationship with miR-502-3p. Our
study showed that miR-502-5p sponge adsorp-
tion by Circ_0000735 facilitated bladder can-
cer cell proliferation and invasion and inhibited
their apoptosis.

As the most prevalent genitourinary tract dis-
ease in China [18, 19], bladder cancer is vul-
nerable to metastasis and recurrence, carrying
high medical costs and putting a heavy burden
on patients and society.

Cyclic RNAs are common, diverse, stable, and
conserved and have functions such as nuclear
protein translation transcriptional regulation
[20-22]. Recent studies have shown that cir-
cRNA molecules are rich in miRNA-binding sites
and serve as molecular sponges in cells, there-
by relieving miRNAs’ inhibitory effect on their
target genes and playing an important role in

Int J Clin Exp Pathol 2020;13(12):2994-3003
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Figure 6. Knocking out circ_0000735 inhibits tumorigenic ability in nude
mice. A: Tumor volume of nude mice at different time points; B: Tumor
weight of nude mice in each group.

regulating disease through miRNA interactions
associated with diseases [23, 24]. CircRNAs
are involved in a range of tumorigenesis as reg-
ulatory factors, influencing biologic processes
such as proliferation, apoptosis, and cell di-
fferentiation [25-27]. Circ_0000735 has been
shown to be highly expressed in prostate can-
cer and non-small cell lung cancer and has a
favorable impact on cancer cells, but in bladder
cancer, Circ_0000735 has not been studied. In
this experiment, Circ_0000735 was found to
be highly expressed in tissues and cells of blad-
der cancer, and Circ_0000735 knockdown
could effectively inhibit the proliferation and
invasion potential of bladder cancer cells
and promote apoptosis, implying that Circ_
0000735 gives a decent opportunity of target-
ing bladder cancer.

We found through the bioinformatics website
that Circ_0000735 can act as a sponge for a
variety of miRNAs, and for this study, we select-
ed miR-502-5p among these molecules. In the
diagnosis and treatment of gastric cancer,
osteosarcoma, and tumors of glial origin, miR-
502-5p was preliminarily studied [28-30]. MiR-
502-5p has been used to prevent the prolifera-
tion, migration, invasion, tumor growth and
metastasis of gastric cancer cells in the diag-
nosis and treatment of gastric cancer, osteo-
sarcoma, and glial tumors by targeting PD-L1.
In osteosarcoma tissues, miR-502-5p is limited
and can be used as a new potential diagnostic
marker. In glial-derived tumors, miR-502-5p
expression can be used to predict patient prog-
nosis. Previous studies have also confirmed
that the development of bladder cancer re- [2]
quires miR-502-5p [31]. In bladder cancer tis-
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sues and cells, miR-502-5p
was lowly expressed. Overex-
pression of miR-502-5p inhib-
ited in vitro cancer cell prolif-
eration and invasion and in-
hibited tumor growth in vivo.
Therefore, on this basis, we
showed that miR-502-5p could
be sponged by Circ_0000735,
and miR-502-5p down-regula-
tion facilitated the proliferation
and invasion of bladder cancer
cells and inhibited apoptosis.
The proliferation and invasi-
on potential of bladder cancer
cells was weakened after kn-

ocking down Circ_0000735, and apoptosis was
enhanced, but the effect was reversed after
inhibiting miR-502-5p on this basis, suggesting
that miR-502-5p could rescue the function of
Circ_0000735 in bladder cancer.

In short, this research investigated the biologi-
cal role of Circ_0000735 in bladder cancer and
revealed that by sponging miR-502-5p, Circ_
0000735 facilitated the development of blad-
der cancer. However, the small number of sam-
ples obtained in this analysis could affect the
reliability of the results and, by further increas-
ing the sample size, the reliability of the data
needs to be verified. Secondly, animal experi-
ments only briefly demonstrated the tumorigen-
ic ability in nude mice. Future research should
further improve the use of Circ_0000735 in the
treatment of bladder cancer. In short, Circ_
0000735 might become a new target for blad-
der cancer treatment.
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