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Abstract: Circular RNA hsa_circ_0002024 has been reported to be underexpressed in bladder cancer (BC).
However, the biological role of hsa_circ_0002024 in BC and its underlying molecular mechanisms remain unclear.
In this study, the expression levels of hsa_circ_0002024 and miR-197-3p were examined by quantitative real-time
polymerase chain reaction. The proliferation abilities of EJ and T24 cells were assessed by Cell Counting Kit-8 and
5-ethynyl-20-deoxyuridine assays. Cell migration and invasion were evaluated by transwell migration and invasion
assays. Luciferase reporter assay and rescue experiments were conducted to elucidate the underlying mechanism
of hsa_circ_0002024. We found that the expression of hsa_circ_0002024 was downregulated, but that of miR-197-
3p was upregulated in BC tissues and cell lines. Upregulation of hsa_circ_0002024 suppressed the proliferation,
migration, and invasion of EJ and T24 cells. Hsa_circ_0002024 was confirmed as a direct target of miR-197-3p. In
addition, we found that restoration of miR-197-3p expression could abolish hsa_circ_0002024-mediated inhibition
of BC cell proliferation, migration, and invasion. In conclusion, our data demonstrated that hsa_circ_0002024 sup-

presses cell proliferation, migration, and invasion in BC by sponging miR-197-3p.

Keywords: Bladder cancer, hsa_circ_0002024, miR-197-3p, metastasis

Introduction

Bladder cancer (BC) is the ninth most common
malignancy worldwide, with a high prevalence
[1]. BC is one of the leading causes of cancer-
related deaths among men and woman, result-
ing in huge economic losses [2, 3]. On the basis
of clinical pathology, BC can be divided into 3
types: transitional cell carcinoma, squamous
cell carcinoma, and adenocarcinoma. Usually,
BC is clinically characterized by blood in the
urine, pain with urination, and lower back pain.
Typically, it develops in individuals with a family
history of BC, smoking, obesity, exposure to
certain chemicals, and frequent bladder infec-
tions, which are thought to be the major causes
of BC [4-7]. Clinically, patients with BC are treat-
ed with surgery, radiation therapy, immunother-
apy, chemotherapy, or combined therapy [8].
Metastasis is the main reason of recurrence
and death in BC. It may be curable before the
tumor spreads to another part of the body.

However, patients with metastatic BC have a
poor 5-year survival rate. Despite extensive
study, the pathogenesis of BC remains unclear.

It is well accepted that more than 90% of the
human genome is made up of non-coding RNA
(ncRNAs) [9]. In general, ncRNAs are classified
into long ncRNAs (IncRNAs; = 200 nucleotides)
and small ncRNAs (< 200 nucleotides) accord-
ing to their size (7). microRNAs (miRNAs) have
emerged as a class of small ncRNAs containing
about 22 nucleotides, which negatively regu-
late target gene expression by binding to the
complementary sequences of target genes
[10]. miRNAs have been shown to be involved in
many cellular processes, such as cell prolifera-
tion, differentiation, and apoptosis [11]. A num-
ber of studies have demonstrated that miRNAs
are aberrantly expressed in cancers and play a
crucial role in promoting or repressing carcino-
genesis [12]. miR-197-3p belongs to the miR-
197 family and has been reported to be upregu-
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lated in BC and implicated in LINCOO641-
mediated cell growth inhibition in T24 and J82
cells [13]. Nevertheless, only a limited number
of studies have focused on the regulatory
mechanism of miR-197-3p in BC.

Circular RNAs (circRNAs) are a novel kind of
ncRNA whose 3’ heads and 5’ tails bind togeth-
er to form a covalently closed continuous loop
[14]. CircRNAs are particularly abundant in
eukaryotic cells [15]. They are the major prod-
ucts of “back-splicing” reaction, in which the
donor splice site and acceptor splice site are
joined together [16]. Owing to their unique
closed loop structure, circRNAs are resistant to
exonuclease-mediated degradation, indicating
their ideal role as a reliable and stable disease
biomarker. CircRNAs have been shown to serve
as key regulators of gene expression. Due to
many miRNA binding sites, circRNAs function
as an “miRNA sponge” to suppress the expres-
sion and function of miRNAs [17]. A circRNA
sponge for miR-7 has been reported to inhibit
the activity of miR-7, thereby upregulating the
expression of miR-7 target genes [18]. In addi-
tion, circRNAs are capable of cis-regulating the
expression of their parent genes, binding to
proteins, and encoding proteins [19, 20].
Emerging evidence suggests that aberrant
expression of circRNAs is closely linked to the
pathogenesis of various malignancies [21]. The
expression of hsa_circ_0002024, a novel cir-
cRNA, has been documented to be downregu-
lated in bladder cancer [22]. However, the func-
tional role of hsa_circ_0002024 in BC and its
underlying mechanism have not yet been
studied.

In this study, hsa_circ_0002024 was underex-
pressed, but miR-197-3p was overexpressed in
BC tissues and cell lines. Upregulation of hsa_
circ_0002024 expression suppressed the pro-
liferation, migration, and invasion of EJ and 724
cells via sponging miR-197-3p. Our findings
reveal that hsa_circ_0002024-miR-197-3p
interaction is responsible for the progression of
BC, thereby highlighting potential therapeutic
strategies for the treatment of BC.

Materials and methods
Patient samples
Clinical frozen tumor and normal samples of 20

patients with pathologically confirmed BC were
obtained from the Department of Urology, The
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Third People’s Hospital of Linyi. This study was
reviewed and approved by the Ethics Committee
of The Third People’s Hospital of Linyi.

Cell culture

BC cell lines (EJ, 5637, T24, and UMUC-2) and
normal human urothelial cells were purchased
from the Chinese Academy of Sciences Cell
Bank (Shanghai, China). Cells were grown in
Roswell Park Memorial Institute 1640 (RPMI-
1640) medium (Solarbio, Beijing, China) sup-
plemented with 10% fetal bovine serum (FBS;
Solarbio) and maintained at 37°C in a 5% CO,
atmosphere.

Transient transfection

miR-197-3p, hsa_circ_0002024 overexpres-
sion vector (over-circ), empty vector (vector),
small interfering RNA targeting hsa_circ_
0002024 (si-circ), and si-negative control (si-
NC) were designed and synthesized by
GenePharma (Shanghai, China). EJ and T24
cells were transiently transfected using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA), according to the manufacturer’'s pro-
tocol.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA from BC tissues and cells was puri-
fied using TRIzol reagent (Invitrogen). cDNA syn-
thesis was carried out using SuperScript First-
Stand Synthesis System (Invitrogen). gRT-PCR
assay was performed in triplicate with the MylQ
Real-Time PCR Detection System (Bio-Rad,
Hercules, CA, USA). TagMan miRNA-assay (Ap-
plied Biosystems, Foster City, CA, USA) was uti-
lized to evaluate the expression of miR-197-
3p. The relative expression levels of hsa_
circ_0002024 and miR-197-3p were deter-
mined using 22t method with B-actin as the
loading control for hsa_circ_0002024 and U6
for miR-197-3p.

Detection of cell proliferation capacity

For Cell Counting Kit-8 (CCK-8) assay, EJ and
T24 cells were seeded in 96-well plates and
transfected with vector, over-circ, or miR-197-
3p. After transfection, cells were cultured with
10 ul CCK-8 reagent (Solarbio) for 2 h and the
absorbance was measured using a microplate
reader (Benchmark; Bio-Rad).
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Figure 1. Expression of hsa_circ_0002024 in BC tissues and cell lines. A.
gRT-PCR analysis of hsa_circ_0002024 expression in tissues samples.
B. gRT-PCR analysis of hsa_circ_0002024 expression in BC cell lines (EJ,
5637, T24, and UMUC-2) and normal human urothelial cells (control). *P <
0.05 and ***P < 0.001.
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Figure 2. Expression of miR-197-3p in BC tissues and cell lines. A. Valida-
tion of differential expression levels of miR-595, miR-197-3p, miR-646, miR-
1261, miR-224, miR-361-3p, and miR-576-3p using qRT-PCR analysis in BC
tissues and their adjacent controls. B. gRT-PCR analysis of miR-197-3p ex-
pression in BC cell lines (EJ, 5637, T24, and UMUC-2) and normal human
urothelial cells (control). **P < 0.01 and ***P < 0.001.

upper chambers and RPMI-
1640 medium containing 10%
FBS was added into the lower
chamber. After 24 h of incuba-
tion at 37°C, cells migrating or
invading through the mem-
brane were stained with 0.1%
crystal violet (Solarbio) for 20
min. The number of migrating
or invading cells was counted
visually in 5 randomly select-
ed fields using a microscope.

Luciferase reporter assay

Wild-type hsa_circ_0002024
(WT-circ) and mutant-type
hsa_circ_0002024 (Mut-circ)
were synthesized and sub-
cloned into the pmirGLO vec-
tor (Promega, Madison, WI,
USA). EJ and T24 cells were
co-transfected with pmirGLO-
WT-circ or pmirGLO-Mut-circ
and miR-197-3p or miR-NC
using Lipofectamine 2000.
After 48 h of transfection,
cells were harvested and the
relative luciferase activity was
measured using the Dual-
Luciferase Reporter Assay
System (Promega), following
the manufacturer’s specifica-

For 5-ethynyl-20-deoxyuridine (EdU) assay, EJ
and T24 cells were seeded in 96-well plates
after transfection, followed by incubation with
EdU (50 uM; Beyotime, Shanghai, China) for 2
h. Cells were then fixed in 4% paraformalde-
hyde, followed by staining with 1x Apollo reac-
tion cocktail and Hoechst 33342. Images were
captured with a microscope (Olympus BX51
TRF; Tokyo, Japan) and analyzed by ImageJ soft-
ware (NIH Image, Bethesda, MD, USA).

Transwell migration and invasion assay

After transfection, EJ and T24 cells were
starved for 24 h. Cells were harvested, dissoci-
ated, and resuspended in serum-free medium.
Transwell chambers (Corning, Steuben County,
NY, USA) were pre-coated with fibronectin
for migration assay or with Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) for inva-
sion assay. EJ and T24 cells were seeded in the
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tions.
Statistical analysis

Statistical analysis was performed using SPSS
20.0 software (IBM, NY, USA). Results are
expressed as the mean + standard error of the
mean (SEM). Student’s t-test (two groups) and
one-way analysis of variance (multiple groups)
were applied to determine differences among
groups. Results were considered statistically
significant when the P-value was 0.05 or less.

Results

Expression of hsa_circ_0002024 in BC tissues
and cell lines

Expression levels of hsa_circ_0002024 were
markedly lower in BC tissues compared with
those in adjacent normal tissues, as shown by
gRT-PCR (Figure 1A). Correspondingly, qRT-
PCR results showed that hsa_circ_0002024
expression was obviously decreased in BC cell
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Figure 3. Upregulation of hsa_circ_0002024 suppresses the proliferation of EJ and T24 cells. A. Upregulation of
hsa_circ_0002024 expression in EJ and T24 cells after transfection with vector or over-circ. B and C. Both EJ and
T24 cells showed marked reduction of cell viability after transfection with over-circ. D. EdU assay showed a reduced
number of EdU-positive cells in EJ and T24 cells transfected with over-circ. **P < 0.01 and ***P < 0.001.

lines (EJ, 5637, T24, and UMUC-2) compared
with that in normal human urothelial cells
(Figure 1B).

Expression of miR-197-3p in BC tissues and
cell lines

Given the putative miRNA regulatory function
of circRNAs, the Circinteractome database
(https://circinteractome.nia.nih.gov/) was em-
ployed to predict the interaction between vali-
dated circRNAs and potential miRNA targets.
We found that miR-595, miR-197-3p, miR-646,
miR-1261, miR-224, miR-361-3p, and miR-576-
3p were the potential miRNA targets of hsa_
circ_0002024. We determined the expression
levels of these miRNAs in BC tissues and their
adjacent normal tissues by qRT-PCR. The great-
est difference was observed in the expression
of miR-197-3p (Figure 2A). Similarly, higher lev-
els of miR-197-3p expression were observed in
BC cell lines (EJ, 5637, T24, and UMUC-2) com-
pared to that in normal human urothelial cells
(Figure 2B).

Upregulation of hsa_circ_0002024 suppress-
es the proliferation of EJ and T24 cells

To investigate the functional significance of

hsa_circ_0002024 in BC, we transfected EJ
and T24 cells with vector and over-circ for 48 h,
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which resulted in upregulation of hsa_
circ_0002024 (Figure 3A). Upregulation of
hsa_circ_0002024 expression in EJ and T24
cells led to a marked decrease in cell viability,
as demonstrated by CCK-8 assay (Figure 3B
and 3C). In line with this, a reduction in the
number of EdU-positive cells was observed in
EJ and T24 cells transfected with over-circ
(Figure 3D).

Upregulation of hsa_circ_0002024 suppress-
es the migration and invasion of EJ and T24
cells

To determine the impact of hsa_circ_0002024
on the migration and invasion of EJ and T24
cells, transwell migration and invasion assays
were performed in EJ and T24 cells after trans-
fection. Transfection with over-circ inhibited the
migration of EJ and T24 cells as compared with
the vector group (Figure 4A). In parallel, a sig-
nificant reduction in cell invasion was also
observed in EJ and T24 cells transfected with
over-circ (Figure 4B).

Hsa_circ_0002024 reduces the expression of
miR-197-3p

Correlation analysis indicated a notable nega-

tive correlation between hsa_circ_0002024
and miR-197-3p expression in BC tissues

Am J Transl Res 2019;11(3):1644-1652
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Figure 4. Upregulation of hsa_circ_0002024 suppresses the migration and invasion of EJ and T24 cells. A. Graphi-
cal representation and quantification of transwell migration assay showed that upregulation of hsa_circ_0002024
expression strikingly inhibited the migration of EJ and T24 cells. B. Graphical representation and quantification of
transwell invasion assay showed that upregulation of hsa_circ_0002024 expression strikingly inhibited the invasion

of EJ and T24 cells. **P < 0.01 and ***P < 0.001.

(Figure 5A). Of note, hsa_circ_0002024 har-
bored a single predicted binding site for miR-
197-3p, as shown by bioinformatics analysis
(Figure 5B). Knockdown of hsa_circ_0002024
resulted in significant elevation of miR-19-3p
expression in EJ and T24 cells, while overex-
pression of hsa_circ_0002024 led to a marked
reduction of miR-197-3p expression in EJ and
T24 cells (Figure 5C and 5D). To validate the
interaction between hsa_circ_0002024 and
miR-197-3p, luciferase reporter assay was per-
formed in EJ and T24 cells. Luciferase reporter
assay in miR-197-3p-overexpressing EJ and
T24 cells showed that transfection with miR-
197-3p suppressed the luciferase activity of
WT-circ. However, transfection with miR-NC had
no effect. Meanwhile, the luciferase activity of
Mut-circ was unaltered in miR-197-3p-overex-
pressing or miR-NC-transfected EJ and T24
cells (Figure 5E and 5F).

Restoration of miR-197-3p expression reverses
hsa_circ_0002024-mediated inhibition of BC
cell proliferation, migration, and invasion

As miR-197-3p directly binds to hsa_circ_
0002024, and hsa_circ_0002024 negatively
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regulates the expression of miR-197-3p, we
next investigated whether miR-197-3p partici-
pates in hsa_circ_0002024-mediated inhibi-
tion of BC cell proliferation, migration, and inva-
sion. Co-transfection with over-circ with miR-
197-3p obviously increased the viability of EJ
and T24 cells as compared to transfection with
over-circ alone (Figure 6A and 6B). Likewise, EJ
and T24 cells co-transfected with over-circ with
miR-197-3p showed increased number of EdU-
positive cells relative to EJ and T24 cells
transfected with over-circ alone (Figure 6C).
Moreover, a significant reduction in cell migra-
tion and invasion was also observed in EJ and
T24 cells co-transfected with over-circ and miR-
197-3p as compared to cells transfected with
over-circ alone (Figure 6D and 6E).

Discussion

For more than 30 years, circRNAs have been
acknowledged as products of aberrant splicing,
gene rearrangement, or non-linear reverse
splicing [23]. Along with the development of
high-throughput sequencing technology, cir-
cRNAs have been implicated in disease devel-

Am J Transl Res 2019;11(3):1644-1652
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Figure 5. Hsa_circ_0002024 reduces the expression of miR-197-3p. A. gRT-
PCR analysis of hsa_circ_0002024 and miR-197-3p expression in BC tissues.
B. The complimentary binding site for miR-197-3p in hsa_circ_0002024 se-
quence is shown. C and D. gRT-PCR analysis of miR-197-3p expression after
transfecting EJ and T24 cells with si-NC, si-circ, vector, or over-circ. E and F.
Luciferase reporter assay showed the luciferase activity of EJ and T24 cells
after co-transfection with WT-circ or Mut-circ and miR-197-3p and miR-NC.

and development of human
diseases. A few earlier studies
reported that circRNAs act as
oncogenes or tumor suppres-
sors in the progression of
human cancers. For example,
circCCDC66 was shown to be
overexpressed in polyps and
colon cancer, and functioned
as an oncogene by promoting
cell proliferation, migration,
and invasion in colon cancer
[24]. In triple-negative breast
cancer, circEPSTI1 acted as a
competing endogenous RNA
to protect BCL11A mRNA from
miR-4753 attack, thereby pro-
moting triple-negative breast
cancer cell proliferation and
inhibiting cell apoptosis [25].
Additionally, a recent study
discovered that circNT5E in-
hibits the proliferation, migra-
tion, and invasion of U87 and
U251 cells by sponging miR-
422a [26]. Of note, a previous
pioneer study showed that
hsa_cir_000204 was differ-
ently expressed in BC tissues;
however, the pathological role
of hsa_cir_000204 in BC
remains unclear. Our current
study reported that upregula-
tion of hsa_cir_000204 inhib-
ited the proliferation of EJ and

**P < 0.01and ***P < 0.001.

opment, physiological processes, and sub-
stance metabolism via modulating gene
expression [14]. In recent years, circRNAs have
become a hot topic in cancer research.
Compared with miRNAs and IncRNAs, circRNAs
are considered to be promising therapeutic tar-
gets for cancer treatment in terms of their
sequence conservation, biological stability, and
tissue specificity. In our study, we identified
that hsa_circ_0002024 expression was down-
regulated in BC tissues and cell lines, which
suggests that hsa_circ_0002024 may play a
potential role in the pathological mechanism
of BC. Further, we reported that hsa_
circ_0002024 functions as a miRNA sponge in
two BC cell lines.

Several lines of evidence have indicated that
circRNAs serve a crucial role in the occurrence
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T24 cells, as evidenced by

the reduced number of EdU-
positive cells. In parallel, overexpression of
hsa_cir_000204 obviously repressed the
migration and invasion of EJ and T24 cells.
These findings indicate that hsa_cir_000204
acts as an oncogenic circRNA in BC.

It is well known that miRNAs play an important
role in carcinogenesis [12]. miR-197, a member
of the miR-197 family, is known to play a vital
role in the progression of human cancers
through abnormal expression. In non-small cell
lung cancer, the expression of miR-197 has
been positively correlated with tumor size and
non-small cell lung cancer histotype, which are
independent indicators of poor prognosis [27].
miR-197 depletion exerts an oncosuppressive
effect on NIH-H460 and A549 cells [28]. In
colorectal cancer, the expression level of miR-
197 is decreased and knockdown of miR-197

Am J Transl Res 2019;11(3):1644-1652
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Figure 6. Restoration of miR-197-3p expression reverses hsa_circ_0002024-mediated inhibition of BC cell prolifera-
tion, migration, and invasion. EJ and T24 cells were transfected with over-circ alone or together with miR-197-3p.
A-C. CCK-8 and EdU assays showed that restoration of miR-197-3p expression reversed hsa_circ_0002024-mediat-
ed inhibition of BC cell proliferation. D and E. Transwell migration and invasion assays revealed that overexpression
of miR-197-3p blocked the inhibitory effects of hsa_circ_0002024 on the migration and invasion of EJ and T24

cells. *P < 0.05, **P < 0.01, and ***P < 0.001.

promotes the proliferation, migration, and inva-
sion of HCT116 cells [29]. Moreover, miR-197-
3p has been shown to be overexpressed in
basal cell carcinoma [30]. In thyroid cancer,
miR-197-3p is highly expressed and suppres-
sion of miR-197-3p expression was shown to
inhibit the proliferation, migration, and invasion
of K1, SW579, and 8505C cells [31]. Hence,
these studies demonstrated that miR-197-3p is
involved in the progression of multiple cancers.
However, little is known about the function of
miR-197-3p and its regulatory mechanism in
BC. In our study, we identified that miR-197-3p
expression was upregulated in BC tissues and
cell lines. With luciferase reporter assay, hsa_
circ_0002024 was confirmed as a direct target
of miR-197-3p. In addition, we found that resto-
ration of miR-197-3p expression could abolish
hsa_circ_0002024-mediated inhibition of BC
cell proliferation, migration, and invasion, sug-
gesting that hsa_circ_0002024 may act as a
miR-197-3p sponge to repress BC cell prolifera-
tion, migration, and invasion. Our results pro-
vide novel insights into the potential therapeu-
tic targets of BC. In our future study, we aim to
further validate these in vitro findings in an in
vivo model of BC.
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In conclusion, we found that hsa_circ_0002024
suppressed cell proliferation, migration, and
invasion in BC by sponging miR-197-3p. Our
study identified a new circRNA-miRNA regula-
tory network in BC, thereby providing a better
understanding of BC pathogenesis, and sug-
gesting that hsa_circ_0002024 may serve as a
therapeutic target for the treatment of BC.
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