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Abstract. Circular RNAs (circRNAs) are non‑coding RNAs
that are connected at the 3' and 5' ends by an exon or intron.
Studies increasingly show that circRNAs play an important
role in tumorigenesis by acting as a ‘sponge’ for microRNAs
(miRNAs), which abrogates the latter's effect on their target
mRNAs. To identify a possible circRNA/miRNA/mRNA
network in bladder cancer (BCa), we analyzed the circRNA
and mRNA expression profiles of BCa and adjacent normal
bladder tissues. A total of 127 circRNAs and 1,612 mRNAs
were differentially expressed in the tumor tissues, and
were primarily associated with cancer‑related pathways.
A competing endogenous RNAs (ceRNA) network was
then constructed which predicted a regulatory axis of
circRNA_0071196, miRNA‑19b‑3p and its target gene
citron Rho‑interacting serine/threonine kinase (CIT).
Luciferase reporter assay validated the relationship between
circRNA_0071196 and miRNA‑19b‑3p and of the latter with
CIT. Furthermore, CIT was overexpressed in the BCa tissues,
and was found to be correlated with metastasis and tumor
histological grade. Knockdown of CIT in the human bladder
cancer cell line 5367 significantly inhibited the proliferation,
migration and colony formation capacity of the cells, and
also upregulated the mediators of the p53 and RhoA‑ROCK
signaling cascades that regulate cell cycle and migration. Taken
together, our findings indicate that circRNA‑0071196 upregulates CIT levels in BCa by sponging off miRNA‑19b‑3p, and
the circRNA_0071196/miRNA‑19b‑3p/CIT axis is a potential
therapeutic target in BCa.
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Introduction
Bladder cancer (BCa) is the tenth most commonly diagnosed
cancer worldwide, with a four‑fold higher incidence in men
compared to women. Globally, it is the sixth most common
cancer in men and ranks ninth as the cause of cancer‑related
deaths (1). It is rarely diagnosed in individuals younger than
40 years, and occupational exposure to carcinogens is a major
risk factor (2,3). Although more common in USA than in
Asia, the incidence and mortality rates of BCa have increased
significantly in China in recent years (4). Despite therapeutic
interventions such as surgery, chemotherapy and radiotherapy,
the 5‑year survival of BCa patients is still low, mainly due
to the high recurrence rate (5,6). Therefore, it is essential to
identify novel biomarkers of BCa, in order to improve patient
prognosis and clinical outcomes.
Non‑coding RNAs (ncRNAs) are functional transcripts
that are not translated to proteins and modulate gene expression
at the transcriptional and post‑transcriptional level (7). They
are frequently dysregulated in cancer, indicating a prognostic
relevance (8). CircRNAs are a class of covalently closed endogenous ncRNAs (9) that are differentially expressed in various
types of cancers, such as liver carcinoma, stomach carcinoma
and colorectal carcinoma, and correlated with tumor development and progression (10,11). Although the exact function of
circRNAs is poorly understood, there is evidence indicating
that they act as ‘sponges’ of the microRNAs (miRNAs) through
competitive binding and abrogate the effect of the latter on
mRNA translation (12). In addition, circRNAs with the same
microRNA response elements (MREs) act as competing
endogenous RNAs (ceRNAs) and form a regulatory network.
Recent studies have unearthed several ceRNA networks that are
dysregulated during cancer (12‑14). However, the exact number
of circRNAs that act as miRNA sponges is still unknown (15).
MicroRNAs are a category of endogenous short non‑coding
RNAs that can bind to the 3'‑untranslated region (3'‑UTR) of
mRNAs and inhibit their translation (16). miRNA dysregulation has been implicated in the initiation and progression of
various cancer types through multiple mechanisms (17,18).
In the present study, we discovered a novel ceRNA network
comprising circRNA_0071196, CIT and miRNA‑19b‑3p in
BCa tissues. Based on molecular and bioinformatics analyses,
we surmised that circRNA_0071196 upregulates CIT in BCa
cells by competitively binding to miRNA‑19b‑3p. Furthermore,
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knockdown of CIT inhibited the proliferation and migration of
BCa cells in vitro. Taken together, this novel regulatory axis
is essential for BCa progression, and is a potential diagnostic
marker and therapeutic target.
Materials and methods
Patients and samples. Bladder carcinoma (n=80) and
para‑carcinoma tissues (n=30) were resected from BCa
patients who underwent surgery at the Department of Urology,
The First Affiliated Hospital of Harbin Medical University,
China from September 2017 to September 2018. The mean age
of the patients was 63.63 years (age range, 41‑80) and the sex
distribution was 25 females and 55 males. The tumor tissues
were obtained by transurethral resection and the para‑carcinoma tissues were acquired at a distance of >2.0 cm from the
tumor margin, and cut into 0.8‑1.2 cm pieces. All tissues were
snap‑frozen in liquid nitrogen and independently identified
by two pathologists. The study was approved by the Ethics
Committee of The First Affiliated Hospital of Harbin Medical
University, and written informed consent was obtained from
all patients.
RT‑qPCR. Total RNA was extracted from 20 pairs of BCa
samples and the transduced 5637 cells, and reverse transcribed
to cDNA using the SuperScript™III Reverse Transcriptase kit
(Invitrogen/Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The thermocycling conditions of
RT‑qPCR were 95˚C for 10 min, followed by 40 cycles at 95˚C
for 30 sec, and 60˚C for 60 sec. The relative expression levels
of the relevant transcripts were analyzed by RT‑qPCR, and
the primer sequences are listed in Table I. GAPDH was used
as the internal control for circRNAs and mRNAs, and U6 for
miRNAs. The 2‑ΔΔCq (19) method was used to quantify these
transcripts, and assays were performed in triplicates.
Microarray analysis. Four pairs of carcinoma and para‑carcinoma tissues were collected from BCa patients at our hospital
in 2017 for microarray analysis. For circRNA hybridization,
the latter were first enriched by degrading the linear RNAs
with Rnase R, amplified with random primers, and transcribed
into fluorescent cRNA (Arraystar Super RNA Labeling Kit;
Arraystar). The labeled cRNAs were hybridized onto the
Arraystar Human circRNA Array V2 (8x15K, Arraystar),
and the arrays were scanned using the Agilent Scanner
G2505C. The significant differentially expressed genes
(DEGs) and circRNAs (DEcircRNAs) were identified based
on fold‑change ≥1.5 and P<0.05.
RNA sequencing array. Total RNA was extracted from four
pairs of frozen carcinoma and para‑carcinoma tissues using
TRIzol (Invitrogen/Thermo Fisher Scientific, Inc.) according
to the manufacturer's instructions. After quantitative analysis
and quality inspection, RNA‑Seq libraries were synthesized
using the KAPA Stranded RNA‑Seq Library Prep Kit
(Illumina, USA) as previously described (20). which included
RNA fragmentation, random hexamer‑primed first‑strand
cDNA synthesis, dUTP‑based second‑strand cDNA synthesis,
end‑repairing, A‑tailing, adaptor ligation and library PCR
amplification. The libraries were assessed with an Agilent 2100

Bioanalyzer (Illumina, USA), quantified absolutely by qPCR,
and sequenced using an Illumina HiSeq 4000 Sequencing
System for 150 cycles.
The raw data was uploaded to Gene Expression
Omnibus (GEO) (GSE147985, https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE147985).
GO and KEGG pathway analyses. Gene Ontology (GO)
analysis (http://www.geneontology.org) was performed on
the DEcircRNAs and DEGs, and the latter were functionally
annotated on the basis of biological processes (BP), cellular
components (CC) and molecular functions (MF). GO terms
with P‑values <0.05 were considered as enriched. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis (http://www.genome. jp/kegg/) was preformed to identify
the significant pathways related to the relevant genes, using
P‑value ≤0.05 as the threshold.
ceRNA network analysis. Following validation of the
DEGs and DEcircRNAs with real time qPCR, those
with the same MREs were selected for constructing the
circRNA/miRNA/mRNA network. The circRNA‑miRNA
interactions were predicted by biological algorithms of
miRanda (http://www.microrna.org/microrna/home.do) and
Targetscan (http://www.targetscan.org/). The miRNA‑mRNA
interactions were predicted by miRDB (http://www.mirdb.
org/). The circRNA/miRNA/mRNA network was then
mapped using Cytoscape v 2.8.3 (21).
Cell lines and lentiviral infection. The human bladder cancer
cell line 5637 was obtained from the Cell Resource Center,
Shanghai Institute for Biological Sciences at the Chinese
Academy of Sciences, and maintained at 37˚C under 5% CO2
in RPMI‑1640 medium supplemented with 10% fetal bovine
serum (FBS), 100 U/ml penicillin and 100 U/ml streptomycin.
The lentiviral CIT and control shRNA vectors were designed
and synthesized by Shanghai GeneChem Co., Ltd. (Shanghai,
China), and the sequences were as follows: CIT, 5'‑GCGTC
CTCATACCAGGATAAA‑3' and control, 5'‑TTCTCCGA
ACGTGTCACGT‑3'. The lentiviral circRNA‑0071196 and
control shRNA vectors were also designed and synthesized by
Shanghai GeneChem Co. Ltd. (Shanghai, China), and the
sequences were: circRNA‑0071196, 5'‑AAGGAACAAGC
AGTAGATCAT‑3' and control, 5'‑TTCTCCGAACGTGT
CACGT‑3'. The miR‑19b‑3p inhibitor was synthesized by
GenePharma Co. (GenePharma, Shanghai, China). The plasm i d s we r e t r a n sfe c t e d i nt o 29 3T c el l s u si ng
Lipofectamine® 2000 (Invitrogen/Thermo Fisher Scientific,
Inc.), and the viral supernatants were collected after 48 h,
centrifuged, and filtered through a 0.45‑µm polyvinylidene
fluoride membrane. The 5673 cells were incubated with 50%
diluted viral supernatant in complete medium for 48 h, and
then selected with 2 ng/ml puromycin (Thermo Fisher
Scientific, Inc.) in fresh medium. Transduction efficiency was
monitored under a fluorescence microscope.
Luciferase reporter assay. The psiCHECK2-circRNA0071196‑WT, (Promega Corp.) and psiCHECK2-circRNA0071196-Mut luciferase reporter plasmids were constructed
by respectively cloning the wild‑type (WT) and miR‑19b‑3p
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Table I. RT‑qPCR primer sequences.
Primer name
hsa_circRNA_103758
hsa_circRNA_404289
hsa_circRNA_000758
hsa_circRNA_0006473
miR‑19b‑3p
CIT
CDK1
CCND1
CCNB1
CCNB2
P53
MLC2
MDM2
ROCK1
U6
GAPDH

Primer FW (5'‑3')

Primer RV (5'‑3')

GTGGCCGAGGACTTTGATTG
CCTTTTTCTTCTTTCTTTCTGG
GGTATTAGGGACACTGGTGG
TCAGGTACTCCCGTCGC
GTGCAGGGTCCGAGGT
CAGGCAAGATTGAGAACG
TGGATCTGAAGAAATACTTGGATTCTA
CTAAGATGAAGGAGACCATCCC
TCCAGTTATGCAGCACCTGGCTA
TGGAAAAGTTGGCTCCAAAG
TGCTCTTTTCACCCATCTAC
ACCATTCTCAACGCATTCAA
ACCTCACAGATTCCAGCTTCG
AACATGCTGCTGGATAAATCTGG
CTCGCTTCGGCAGCACA
TGACTTCAACAGCGACACCCA

CCTGTAACAACGCATCTCATATT3
TGGAGACTTTACTCTTACCCGT
CTTCTGGCCTTTTGGTTACT3
CGTTACTCCACCTGGACC
TGTGCAAATCCATGCAAAACTGA
GCACGATTGAGACAGGGA
CAATCCCCTGTAGGATTTGG
AAGGTCTGCGCGTGTTTGCGGAT
TGCCACAGCCTTGGCTAAATCTT
CTTCCTTCATGGAGAGACATCCTC
ATACGGCCAGGCATTGAAGT
CATCTGGTCAACCTCCTCCT3
TTTCATAGTATAAGTGTCTTTTT
TGTATCACATCGTACCATGCCT
AACGCTTCACGAATTTGCGT
CACCCTGTTGCTGTAGCCAAA

FW, forward; RV, reverse.

binding site‑mutated (MUT) circRNA‑0071196 sequence.
The psiCHECK2‑circRNA‑404289‑WT, and psiCHECK2circRNA‑404289‑Mut luciferase reporter plasmids were
constructed by respectively cloning the wild‑type (WT) and
hsa‑miR‑370‑3p binding site‑mutated (MUT) circRNA‑404289
sequence. The psiCHECK2‑circRNA‑000758‑WT, and
psiCHECK2‑circRNA‑000758‑Mut luciferase reporter
plasmids were constructed by respectively cloning
the wild‑type (WT) and hsa‑miR‑6808‑3p binding
site‑mutated (MUT) circRNA‑000758 sequence. The
psiCHECK2-circRNA‑006473‑WT, and psiCHECK2circRNA-006473‑Mut luciferase reporter plasmids were
constructed by respectively cloning the wild‑type (WT) and
hsa‑miR‑6808‑3p binding site‑mutated (MUT) circRNA006473 sequence. The 5637 cells were seeded into 24‑well
plates and cultured for 24 h, and co‑transfected with the
WT/MUT of the above plasmids and miRNA mimics or
the negative control using Lipofectamine 2000 (Thermo
Fisher Scientific, Inc.). After culturing for 48 h, firefly and
Renilla luciferase activities were quantified using dual
luciferase reporter assays (Promega Corp.) according to the
manufacturer's instructions.
Immunohistochemistry (IHC). IHC was performed on 4 pairs
of BCa and normal bladder tissues using the SABC kit
(Suolaibao) according to the manufacturer's instructions. The
sections were incubated with the primary anti‑CIT antibody
(dilution 1:100; cat. no. ab110897, Abcam) at 37˚C for 1 h,
followed by sequential incubation with biotinylated secondary
antibody (dilution 1:1,000; cat. no. ab6721, Abcam) and streptavidin peroxidase for 20 min each at room temperature. After
rinsing the slides, the sections were developed using diaminobenzidine and counterstained with hematoxylin. The stained
sections were observed under a light microscope (Olympus

Corp., Japan) at x200 magnification. The staining intensity
was graded as follows: 0, negative; 1, low; and 2, high. The
percentage of stained cells was scored as: none stained, 0;
1‑33%, 1; 34‑66%, 2; and ≥67%, 3. Both scored values were
multiplied to obtained the total CIT score, and samples with
CIT ≤1 were considered negative and those with CIT ≥3 as
positive.
Western blot analysis. Total proteins were extracted from
the transduced 5637 cells, and western blot analysis was
performed as previously described (22). The primary antibodies included anti‑CIT (dilution 1:5,000) (cat. no. ab86782,
Abcam), anti‑MLC2 (dilution 1:2,000) (cat. no. ab92721,
Abcam), anti‑P53 (dilution 1:500) (cat. no. AF6073, Affinity
Biosciences), anti‑ERK1/2 (dilution 1:1,000) (cat. no. BF8004,
Affinity Biosciences), anti‑p‑ERK1/2 (dilution 1:1,000) (cat.
no. AF1015, Affinity Biosciences), anti‑CDK1 (dilution
1:1,000) (cat. no. DF6024, Affinity Biosciences), anti‑MDM2
(dilution 1:1,000) (cat. no. AF6376, Affinity Biosciences),
anti‑CCND1 (dilution 1:1,000) (cat. no. AF0931, Affinity
Biosciences), anti‑ROCK1 (dilution 1:1,000) (cat. no. AF7016,
Affinity Biosciences) and anti‑ β ‑actin (dilution 1:15,000)
(cat. no. AF7018; Affinity Biosciences). Goat anti‑rabbit IgG
(dilution 1:2,000) (cat. no. BA1054; Wuhan Boster Biological
Technology) was used as the secondary antibody, and the
ECL‑Plus kit was used to detect protein bands (Amersham
Biosciences, USA) as described previously (23). Imaging
J V1.53b (National Institute of Health, Bethesda, MD, USA)
was used to quantitate the protein.
In vitro assays. Proliferation of the transduced 5637 cells
was analyzed using the Cell Counting Kit‑8 (CCK‑8; cat. no.
AR1160‑500; Wuhan Boster Biological Technology, Ltd.)
according to the manufacturer's instructions. Briefly, the cells
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2x102 cells/well in complete 1640 medium, and cultured for
12 days. The cells were then fixed and stained with 1% crystal
violet at room temperature for 30 min, and the colonies were
photographed and counted using a light microscope (magnification, x50).
Statistical analysis. Categorical variables were compared by
Fisher exact test, and continuous variables by the Student's
t‑test. Data are expressed as the means ± standard deviation. Multigroup comparisons of the means were carried out
by one‑way analysis of variance (ANOVA) test with post
hoc contrasts by Student‑Newman‑Keuls test. All statistical
analyses were performed using SPSS 17.0 (SPSS, Inc.). P<0.05
was considered statistically significant. All experiments were
repeated in triplicates
Results

Figure 1. Differentially expressed circRNAs in BCa tissues (T) and adjacent normal tissues (C). (A) The heatmap of DEcircRNAs. (B) Volcano plot
showing distribution of circRNAs. The red rectangles represent those with
fold‑change >1.5 and P‑value <0.05. circRNAs, circulating RNAs; BCa,
bladder cancer; DEcircRNAs, differentially expressed cirRNAs.

DEcircRNAs in the BCa tissues are associated with
cancer‑related functions. The expression profiles of 4 pairs
of BCa and normal bladder tissues were analyzed by high
throughput microarray, and 127 DEcircRNAs were detected of
which 89 were upregulated and 38 were downregulated in the
tumor samples (Figs. 1A and B and S1A and B). Based on their
relation with protein‑coding genes, the DEcircRNAs were
classified as exonic (85.83%), intronic (8.66%), sense overlapping (4.72%) and antisense (0.79%) (Fig. S1C). Furthermore,
the DEcircRNAs were distributed across all chromosomes
except the Y chromosome (Fig. S1D). Thus, the circRNA
profiles of BCa and normal bladder tissues were distinct. The
biological relevance of these DEcircRNAs was determined by
the GO and KEGG analyses. The top 10 enriched GO terms
(all domains) of the abnormally expressed circRNAs were
‘Transcription regulatory region DNA binding’, ‘Regulatory
region nucleic acid binding’, ‘Transcription regulatory
region sequence‑specific DNA binding’, ‘Intracellular part’,
‘Anatomical structure development’, ‘Protein binding’,
‘Intracellular’, and ‘Positive regulation of cellular process’
(Fig. 2A and B). KEGG pathway analysis revealed that the
top 10 pathways associated with upregulated (Fig. 2C) and
downregulated (Fig. 2D) circRNAs included ‘Hepatocellular
carcinoma’, ‘FoxO signaling pathway’, ‘Proteoglycans in
cancer’, ‘Th17 cell differentiation’, ‘Th1 and Th2 cell differentiation’ and ‘MAPK signaling pathway’.

were seeded in 96‑well plates at the density of 1.5x103 cells/well,
and cultured for 0, 24, 48, 72 and 96 h. After adding 10 µl
CCK‑8 solution per well, the cells were incubated in the dark
for 1 h, and the absorbance was measured at 450 nm using
Biotek Elx800 spectrometer. The experiment was performed
in triplicates. For the migration assay, the cells were seeded
onto the upper wells of Transwell chambers (Corning Inc.)
at the density of 1x104 cells/well in serum‑free 1640, and the
lower wells were filled with complete 1640 medium. After a
24 h incubation at 37˚C, the migrated cells were stained with
crystal violet for 30 min at room temperature, and counted
under an inverted microscope at x50 magnification in at least
three random fields. For the colony formation assay, the transduced cells were seeded in a 24‑well plate at the density of

BCa and normal bladder tissues have distinct mRNA profiles. In
addition to the circRNAs, the BCa and adjacent normal tissues
also differed in terms of the mRNA expression profile. A total
of 1,612 DEGs were identified, including 797 upregulated and
815 downregulated mRNAs (Figs. 3 and S2). The top 10 enriched
GO terms in the upregulated and downregulated mRNAs are
respectively shown in Fig. 4A and B. The most significantly
enriched BP, CC and MF terms among the upregulated mRNAs
were ‘Chromosome segregation’, ‘Chromosomal region’ and
‘Catalytic activity on DNA’, respectively, and those among
the downregulated mRNAs were ‘Muscle system process’,
‘Contractile fiber part’ and ‘Actin binding’. KEGG pathway
analysis showed that the top 10 pathways associated with the
upregulated mRNAs included ‘Cell cycle’, ‘DNA replication’
and ‘p53 signaling pathway’ (Fig. 4C), and those associated with
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Figure 2. GO and KEGG pathway analyses of the genes encoding DEcircRNAs. (A and B) The top 10 enriched GO terms of the upregulated and downregulated circRNAs. (C and D) The top 10 enriched KEGG pathways of the upregulated and downregulated circRNAs. GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes; circRNAs, circulating RNAs; DEcircRNAs, differentially expressed cirRNAs.

downregulated mRNAs were mainly in the ‘Calcium signaling
pathway’, ‘cGMP‑PKG signaling pathway’ and ‘Vascular smooth
muscle contraction’ (Fig. 4D). Four circRNAs and 5 mRNAs
were selected for verifying the microarray results by RT‑PCR,
which showed that circRNA_0071196, circRNA_404289,
circRNA_000758, cyclin dependent kinase 1 (CDK1), cyclin D1
(CCND1), cyclin B1 (CCNB1), cyclin B2 (CCNB2) and citron
Rho‑interacting serine/threonine kinase (CIT) were upregulated
(Fig. 5A and B), while circRNA_006473 was downregulated
(Fig. 5A). These results were consistent with the microarray
data (Fig. 5C and D). Compared with other circRNAs, only
circRNA_0071196 was positive in the luciferase assay, thus we
chose circRNA_0071196 to continue the following study.
circRNA_0071196 and CIT are targets of miR‑19b‑3p. The
ceRNA network was constructed using the DEcircRNAs

and DEGs that shared binding sites for MREs, which
revealed that circRNA _0071196 and CIT were the interacting partners of miR‑19b‑3p (Fig. 6). We further predicted
the circRNA_0071196/CIT and miR‑19b‑3p/CIT interactions using the Starbase (starbase.sysu.edu.cn/index.php)
and miRanda (http://www.microrna.org/microrna /home.
do) programs, respectively. As shown in Fig. 7A, the bases
in the seed region of miR‑19b‑3p were complementary to
the circRNA_0071196 and CIT sequences, indicating that
circRNA_0071196 likely acts as a sponge for miR‑19b‑3p in
BCa cells, and that CIT is a downstream target of miR‑19b‑3p.
To validate our hypothesis, we analyzed the expression
levels of miR‑19b‑3p in BCa and adjacent normal tissues,
and found that the expression of miR‑19b‑3p exhibited no
significant difference in the tumor and para‑carcinoma
tissues (Fig. 7B). Furthermore, circRNA_0071196 WT
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Figure 3. Differential mRNA expression between BCa tissue (T) and adjacent normal tissues (C). (A) Hierarchical clustering of the DEGs in BCa and normal
bladder tissues. Red and green color represent the upregulated and downregulated genes, respectively. (B) Scatter plot showing the distribution of the mRNAs,
with x‑ and y‑axes showing the average normalized values of each group (log2 scales). The mRNAs above the top black dotted line and below the bottom black
dotted line have greater than 1.5‑fold‑change, and are respectively upregulated and downregulated. DEGs, differentially expressed genes; BCa, bladder cancer.

Figure 4. GO and pathway analysis of the DEGs. (A and B) The top 10 enriched GO terms of the upregulated and downregulated mRNAs. (C and D) The
top 10 enriched KEGG pathways of the upregulated and downregulated mRNAs. GO, Gene Ontology; DEGs, differentially expressed genes; KEGG, Kyoto
Encyclopedia of Genes and Genomes.
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Figure 5. Validation of the microarray analysis. (A and B) Four circRNAs and five mRNAs were randomly selected and tested by RT‑qPCR. *P<0.05 vs. adjacent normal tissues. (C and D) Comparison of qPCR and microarray results. The height of the column represents fold‑change (log2 transformation). circRNAs,
circulating RNAs; CDK1, cyclin‑dependent kinase 1; CCND1, cyclin D1; CCNB1, cyclin B1; CCNB2, cyclin B2; CIT, citron Rho‑interacting serine/threonine
kinase.

3'‑UTR co‑transfected with miR‑19b‑3p showed lower luciferase activity compared to transfection with miR‑control.
In contrast, no significant difference was seen in the
luciferase activity of circRNA_0071196 MT 3'‑UTR in the
presence of miR‑19b‑3p mimics or miR‑control (Fig. 7C).
Similarly, CIT WT 3'‑UTR showed distinctly weaker
luciferase signals when co‑transfected with miR‑19b‑3p
compared to miR‑control, whereas that of CIT WT 3'‑UTR
was unaffected by the miRNA (Fig. 7D). Taken together,
circRNA_0071196 acts as a sponge for miR‑19b‑3p and
CIT is the target of miR‑19b‑3p in BCa cells. Because the
luciferase results of other circRNAs in Fig. 5 were negative (data not shown), circRNA‑0071196 was selected for
subsequent experiments.
circRNA_0071196 and miR‑19b‑3p are correlated with BCa
progression. To further elucidate the biological functions of
circRNA‑0071196 and miR‑19b‑3p in BCa, we transfected
5637 cells with si‑circRNA‑0071196 and miR‑19b‑3p inhibitor/NC inhibitor. qRT‑PCR showed that circRNA‑0071196
expression was significantly decreased compared to siNC
(Fig. 8A). As shown in Fig. 8B and C, circRNA0071196
silencing significantly reduced the viability and migration of
BCa cells (P<0.05), which was rescued by miR‑19b‑3p.

CIT is correlated with BCa progression. To determine the
relevance of CIT in BCa, we analyzed the in situ levels in tumor
and normal bladder tissues, and found that 73 of 80 (91.3%) BCa
tissues expressed this protein. Furthermore, CIT expression was
found to be significantly correlated with metastasis (P<0.05)
and histological grade (P<0.05) but not with age, sex, infiltration
and T stage (Table II). In addition, the intensity of CIT expression increased across grade 1 (least aggressive), 2 (moderately
aggressive) and 3 grade (most aggressive and most likely to
spread) tumors (Fig. 10A and B), indicating that the CIT level in
tumor tissues can demarcate BCa patients into different grades.
Since CIT mRNA was upregulated in BCa tissues compared to
that noted in the normal tissues (Fig. 5A), to determine its functional relevance in BCa, we knocked down CIT in 5637 cells
(Fig. 9A‑C). Both circRNA _0071196 and miRNA‑19b‑3p were
down‑regulated in sh‑CIT cells (Fig. 9D and E), thus underscoring the ceRNA network. Furthermore, CIT knockdown
significantly suppressed the proliferative capacity (Fig. 10C),
in vitro migration (Fig. 10D) and colony forming capacity (Fig.
10E) of BCa cells, and upregulated p53 and p‑ERK1/2, However,
the levels of myosin light chain 2 (MLC2), cyclin‑dependent
kinase 1 (CDK1), murine double minute 2 (MDM2), cyclin D1
(CCND1) and rho‑associated, coiled‑coil‑containing protein
kinase 1 (ROCK1) were decreased in sh‑CIT group (Fig. 11A‑C).
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Figure 6. The circRNA/miRNA/mRNA network. Each gene corresponds to a node, and 2 interacting genes based on seed sequence pairings are connected by
a solid line. The ‘V’ shapes represent circRNAs, the hexagons represent miRNAs and the circles represent mRNAs. circRNAs, circulating RNAs; miRNAs,
microRNAs.

Figure 7. circRNA_0071196 and CIT interact with miR‑19b‑3p in BCa cells. (A) The sequences of circRNA_0071196/miR‑19b‑3p and CIT/miR‑19b‑3p
indicating complementary regions. (B) Expression level of miRNA19b‑3p exhibits no difference in BCa tissues compared to adjacent normal tissues.
(C) Luciferase activity in 5637 cells co‑transfected with control luciferase reporter plasmid or the reporter plasmids containing circRNA_0071196 WT 3'‑UTR
or circRNA_0071196 MUT 3'‑UTR, and miR‑19b‑3p or miR‑control vector after 48 h. (D) Luciferase activity in 5637 cells co‑transfected with control luciferase reporter plasmid or the reporter plasmid containing CIT WT 3'‑UTR or CIT MUT 3'‑UTR, and miR‑19b‑3p or miR‑control vector after 48 h. *P<0.05.
circRNAs, circulating RNAs; CIT, citron Rho‑interacting serine/threonine kinase; WT, wild‑type; MUT, mutant; UTR, untranslated region.
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Figure 8. circRNA_0071196 and miR‑19b‑3p are correlated with BCa progression. (A) The expression levels of circRNA‑0071196 following knockdown.
Silencing of circular RNA circRNA_0071196 restrained the ability of proliferation (B) and migration (C) compared with the si‑NC+NC inhibitor and si‑circRNA‑0071196+miR‑19b‑3p inhibitor in 5637 cells (*P<0.05). BCa, bladder cancer.

Figure 9. Effect of CIT knockdown in 5637 cells. (A) Representative fluorescence image showing transduced cells. (B and C) The expression levels of CIT
mRNA and protein following CIT knockdown. (D and E) The expression levels of miRNA‑19b‑3p and circRNA_0071196 following CIT knockdown. *P<0.05,
**
P<0.01 vs. sh‑Ctrol. CIT, citron Rho‑interacting serine/threonine kinase.

Discussion
To elucidate the molecular mechanisms of bladder cancer (BCa)
and identify novel diagnostic markers, we explored the mRNA

and circRNA expression profiles of matched BCa and normal
bladder tissues. A total of 127 circRNAs and 1,612 mRNAs
were differentially expressed in the tumor tissues relative to
the healthy tissues, and were functionally annotated primarily
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Table II. CIT expression and clinicopathological characteristics of the bladder cancer cases (n=80).
CIT expression

Parameter

Total (%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Positive (n=73) n (%)

Negative (n=7) n (%)

P‑valuea

Age (years)				
0.676
>60
54 (67.5)
50 (92.6)
4 (7.4)
≤60
26 (32.5)
23 (88.5)
3 (11.5)
Sex				0.415
Male
55 (68.8)
49 (89.1)
6 (10.9)
Female
25 (31.2)
24 (96.0)
1 (4.0)
Metastasis				0.045
Yes
43 (53.8)
42 (97.7)
1 (2.3)
No
37 (46.2)
31 (83.8)
6 (16.2)
Infiltrative				
0.610
Yes
15 (18.8)
13 (86.7)
2(13.3)
No
65 (81.2)
60 (92.3)
5 (7.7)
Histological grade				
0.011
G1
43 (53.8)
42 (97.7)
1 (2.3)
G2
18 (22.5)
17 (94.4)
1 (5.6)
G3
19 (23.8)
14 (73.7)
5 (26.3)
T stage 				
0.668
T1‑T2
61 (76.3)
56 (91.8)
5 (8.2)
T3‑T4
19 (23.8)
17 (89.5)
2 (10.5)
Fisher exact test. CIT, citron Rho‑interacting serine/threonine kinase. Significant P‑values are indicated in bold print.

a

Figure 10. CIT is correlated with BCa progression. (A) Representative immunohistochemistry (IHC) images showing in situ CIT levels in different tumor
grades. (B) A number of positive cases of CIT in BCa tissues and adjacent tissues. Results of proliferation (C), migration (D) and colony formation (E) assays
in 5637 transfected with sh‑CIT or sh‑control. *P<0.05 vs. sh‑Ctrol. CIT, citron Rho‑interacting serine/threonine kinase; BCa, bladder cancer.
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Figure 11. Molecular basis of CIT action in BCa cells. Expression levels of p53, MLC2, CDK1, MDM2, CCND1 and ROCK1 mRNA (A) and protein (B and C) in
sh‑CIT and sh‑Control‑transfected 5637 cells. *P<0.05 vs. sh‑Control. (D) The schematic diagram of the crosstalk between circRNA_0071196, miR‑19b‑3p,
CIT and ROCK in BCa. CIT, citron Rho‑interacting serine/threonine kinase; BCa, bladder cancer; MLC2, myosin light chain 2; CDK1, cyclin‑dependent
kinase 1; MDM2, murine double minute 2; CCND1, cyclin D1; ROCK2, rho‑associated, coiled‑coil‑containing protein kinase 1; CCNB1, cyclin B1.

to cell metabolism and DNA transcription. In addition, the
differentially expressed genes (DEGs) were significantly associated with tumorigenic pathways, which is consistent with the
findings of Huang et al (24).
In agreement with previous studies (24‑26), the circRNAs
MYLK, PC and PTK2 were found to be significantly upregulated in BCa tissues, and we showed for the first time that
circRNA‑0071196 is upregulated in BCa versus normal bladder
tissues. We next constructed a ceRNA network using the
DEcircRNAs, DEGs and the putative miRNAs (27‑30), which
identified miR‑19b‑3p as the target of circRNA‑10378. It is
part of the miR‑17‑92 cluster that regulates cancer‑related pathways (31,32) and vascular remodeling (22,28,33). In addition,
miR‑19b triggers apoptosis in mouse leukemia cells, and downregulates PTEN in human breast carcinoma (34,35). Niu et al (36)
reported a negative correlation between miR‑19a/19b and RhoB
expression in clear cell renal cell carcinoma specimens and cell
lines, indicating that it likely acts as a tumor suppressor. In our
study however, we observed no significant difference in the
miR‑19b‑3p levels between BCa and normal bladder tissues.
Bioinformatics analysis also predicted citron Rho‑interacting
serine/threonine kinase (CIT) as the target of miR‑19b‑3p, and
consistent with this, it was aberrantly overexpressed in the BCa
tissues and cell lines. CIT is the downstream effector of Rho
family GTPases that are involved in cell cycle regulation (37),

and its kinase activity and scaffolding function are vital to cytokinesis (38,39). Previous studies have demonstrated that CIT is
significantly upregulated in hepatocellular carcinoma (HCC),
and its knockdown inhibited the growth and tumorigenicity of
HCC cells (40). Furthermore, the absence of CIT inhibited G1/S
transition in colon cancer cells, and the G2/M transition in rat
hepatocytes (23,40). At the molecular level, CIT promotes the
growth of cancer cells by blocking the p53 pathway (23).
The expression of circRNA‑0071196 and miR‑19b‑3p were
decreased by the knockdown of CIT, Currently, the understanding of the degradation mechanism of circRNA is extremely
limited. Since circRNAs lack free 5' and 3' ends, endoribonucleolytic cleavage is the only way to degrade circRNAs.
Previous studies have demonstrated that N6‑methyladenosine
(m6A) is associated with degradation of circRNAs through
YTHDF2 (m6A reader protein) (41). Yet, the relationship
between sh‑CIT and m6A is uncertain. Knockdown of CIT
inhibited the proliferation, migration and colony forming
capacity of 5637 cells, which is similar to the findings in
HCC cells (40). Futhermore, CIT knockdown also decreased
ROCK1, MLC2, CCNB1, MDM2 and CCND1 levels. P53 and
MDM2 inhibit tumor progression and induce regression of
established tumors via cell cycle arrest and apoptosis (42). In
addition, CIT is an established upstream regulator of RhoA in
the late stages of cell division (43), and Sanz‑Moreno et al (44)
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indicated that high levels of Rho‑ROCK in cancer cells increase
actomyosin contractility and promote cell migration. The schematic diagram of the crosstalk between circRNA_0071196,
miR‑19b‑3p, CIT and ROCK in BCa cells is shown in Fig. 11D.
Taken together, our findings indicate that circRNA‑0071196
upregulates CIT levels in BCa by sponging off miRNA‑19b‑3p,
and the circRNA_0071196/miRNA‑19b‑3p/CIT axis is a
potential therapeutic target in BCa.
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