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circLPAR1 is a novel biomarker of prognosis for muscle-invasive
bladder cancer with invasion and metastasis by miR-762
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Abstract. Circular RNAs (circRNAs) are a specific form of
non-coding RNAs, that serve a pivotal role in the development
of human diseases, including Alzheimer's disease and cancer;
however, only a few are known with respect to cancer. The
present study identified a novel circRNA, circ lysophospha-
tidic acid receptor 1 (LPAR1) (hsa_circ_0087960), derived
from two exons 226 base pairs in length, in muscle-invasive
bladder cancer (MIBC) tissues. circLPAR1 was identi-
fied to be lowly expressed in MIBC tissues in a cohort of
125 cases, and predicted a poor disease-specific survival time,
compared with patients with high circLPARI1 expression (52.4
vs. 56.0 months; P=0.001) by univariate and multivariate Cox
regression analyses. Matrigel and wound healing assays also
demonstrated that the invasion of 5637 and T24 bladder cancer
cells were significantly enhanced following the knockdown of
circLPAR1 by small interfering RNA (si-circLPAR1-1 in T24
cell line, P=0.01; si-circLPAR1-2 in 5637 cell line, P=0.003;
si-circLPAR1-2 in T24 cell line, P=0.002; si-circLPAR1-2
in 5637 cell line, P=0.006). The bioinformatics analysis
indicated that circLPAR1 may harbor specific microRNAs
(miRNAs) according to the miRNAs seed sequence matching.
A luciferase reporter assay revealed that miR-762 can inhibit
the activity of the transfected luciferase gene when inserted
in a circLPAR1 wild-type fragment, and this inhibition could
be alleviated when the luciferase gene was inserted in a
circLPARI1 fragment with the mutated miR-762 target site. In
conclusion, the circLPAR1 may function as a potential novel
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and stable biomarker for the prognosis of MIBC and may be
associated with the invasion and metastasis by miR-762.

Introduction

Bladder cancer was diagnosed in ~74,000 patients in the USA
and in >430,000 patients worldwide, which makes it the fourth
most common cancer in males and the 11th most common
cancer in females in the USA during 2015 (1). Due to its
invasive nature, muscle-invasive bladder cancer (MIBC) has a
high rate of mortality with a poor quality of life and an overall
5-year survival rate of 35-60% (2). The burden of cancer in
non-MIBC (NMIBC) patients is primarily caused by subse-
quent adjuvant therapy, including intravesical chemotherapy;
and the progression risk and high recurrence rate ranged from
50-90% with a 5-year survival rate of 70-80% worldwide in
2018 (3). Owing to the high recurrence and heterogeneity of
this disease, the characterization of the molecular profile of
tumors and investigating putative biomarkers is imperative.
A number of molecules, including microRNA (miRNA), long
chain non-coding RNAs and other RNAs, have been demon-
strated to be associated with the occurrence and development
of bladder cancer, and the underlying molecular mechanisms
and prognostic features have been analyzed extensively (4).

Circular RNAs (circRNAs) have been recently determined
as a novel type of non-coding RNAs (5), and the enigmatic
structure, origin, and classification have been elucidated (6).
Previous studies also demonstrated that circRNAs are
involved in the development of a number of types of diseases,
including breast cancer and liver cancer (7,8). However, only
a few articles have been reported, particularly with respect to
bladder cancer (9,10).

In the present study, the differences in the expression of
a valuable circRNA, circ lysophosphatidic acid receptor 1
(LPARY1) (hsa_circ_0087960), were detected, and its prognosis
value in 125 patients with MIBC was evaluated. Additionally,
its potential function and the underlying molecular mechanism
were investigated.

Materials and methods

Patients and clinical specimens. A total of 125 bladder
cancer tissues and 68 paired cancer tissue and adjacent
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non-tumorous tissues were obtained by radical cystectomy at
Fudan University Cancer Center (Shanghai, China) between
December 2006 and December 2015. Among them, the
patients corresponding to the tissues used for disease-specific
survival (DSS) analysis were treated with radical bladder
radical resection between January 2007 and June 2012. All
tissue specimens were preserved in RNA Later Stabilization
Solution (Thermo Fisher Scientific, Inc., Waltham, MA, USA)
at -80°C following surgical resection. Patients were excluded
from the present study if they had received prior radiotherapy,
systemic venous chemotherapy or immune therapy. The
general clinical characteristics of the 125 participants were
summarized in Table I.

The present study was conducted in accordance with the
ethical standards of the Helsinki Declaration II and approved
by the Ethics Committee of Fudan University Shanghai
Cancer Center (approval no. 050432-4-1212B). Written
informed consent was obtained from each patient prior to any
study-specific experiments being performed.

RNA preparation. Total tissue RNA was isolated from the
bladder cancer tissues and paired adjacent tissues using
TRIzol® reagent (Thermo Fisher Scientific, Inc.) and was
quantified by a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.).
The RNA integrity was assessed by 1.5% agarose gel elec-
trophoresis. cDNA was synthesized using the PrimeScript RT
Master mix (Takara Biotechnology Co., Ltd, Dalian, China)
from 500 ng total RNA.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RT-qPCR was conducted and analyzed on a
Mx3000P Quantitative PCR system Thermo Fisher Scientific,
Inc.) using SYBR® Premix Ex Taq II (Takara Biotechnology,
Co., Ltd.), according to the manufacturer's protocol. The diver-
gent primers were designed to amplify specific circRNAs, based
on previous literature (11). B-actin was used as an endogenous
control. The primer sequences of the candidate circRNAs were
listed as follows in the 5' to 3' direction: circLPARI1, forward
(F), CGTGTTCACCACCTACAACCA, and reverse (R), ATG
CTGTAGGTGTCAGTCCT; LPARI F, GCTGCCATCTCT
ACTTCCATC, and R, AAGCGGCGGTTGACATAGATT;
and B-actin F, CATGTACGTTGCTATCCAGGC, and R, CTC
CTTAATGTCACGCACGAT. The thermocycling conditions
for RT-qPCR was as follows: 95°C for 1 min, 95°C for 5 sec,
40 cycles of 60°C for 30 sec, 95°C for 15 sec, 60°C for 1 min
and 95°C 15 sec. Analysis of relative gene expression data was
achieved using the 2244 method (11).

Sanger sequencing and RNase R digestion. The locations
of the RT-qPCR amplified products were identified by 1.5%
agarose gel electrophoresis at 150 V for 20 min. A total of
5 ul DNA sample was loaded per lane. Subsequently, these
fragments were recovered from the gel and inserted into a
pMDI8 vector (Takara Biotechnology, Co., Ltd.). Following
transformation and amplification, the plasmids were isolated
and sequenced. Sanger sequencing was used to show the
back-spliced events of candidate circRNAs. For RNase R
digestion, 2 ug total RNA was incubated for 30 min at 37°C
with 3 U/ug of RNase R (Epicenter Technologies, Madison,
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WI, USA), and the resulting product was subsequently puri-
fied using a RNeasy MinElute Cleaning kit (Qiagen GmbH,
Hilden, Germany), according to the manufacturer's protocol
and previous literature (11). The visualization reagent gel
loading dye purple was obtained from New England BioLabs,
Inc., Ipswich, MA, USA.

Bioinformatics analysis. The predicted target miRNAs,
including the conserved sites of the seed region binding
to the circRNA, were analyzed by TargetScan 5.2
(http://www.targetscan.org/vert_72/) and miRanda 2.4
(http://www.microrna.org/) based on the miRBase (http:\
www.mirbase.org) and The Cancer Genome Atlas network
data of bladder cancer (11-13). Additionally, the Gene
Ontology (GO; http:\www.geneontology.org) and Kyoto
Encyclopedia of Genes and Genomes (KEGG; http:\www.
genome.jp\kegg) pathway annotation were also analyzed for
circLPARI using the DAVID annotation tool (14), and these
genes were categorized hierarchically. The Fisher's exact test
was used to classify the enrichment of the pathway category.
The false discovery rate algorithm was applied to adjust the
P-values to the threshold of <0.05 (15). The National Centre
for Biotechnology Information database (www.ncbi.nlm.nih.
gov) was used to perform the literature review and TIGR
(https://www.jcvi.org) was used for gene annotation.

Cell culture and treatments. The 5637 and T24 cells
(American Type Culture Collection, Manassas, VA, USA)
were cultured in RPMI-1640 (Hyclone; GE Healthcare Life
Sciences, Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS; Hyclone; GE Healthcare Life Sciences)
and 1% penicillin/streptomycin (Hyclone; GE Healthcare Life
Sciences) at 37°C and 5% CO,. For wound healing, Matrigel
and Luciferase reporter assays 293 cells, obtained from the
American Type Culture Collection (Manassas, VA, USA) were
cultured in Dulbecco's modified Eagle's medium (Hyclone;
GE Healthcare Life Sciences, with 10% FBS and 1% antibi-
otics. Transcription was blocked by the addition of 2 mg/ml
Actinomycin D or dimethyl sulfoxide (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany), which served as a control for
the cell culture medium.

Vector construction. The PCR templates of circLPARI1
wide-type (WT) and mutation-type (MT) of the binding site
with miR-762 was constructed by gene synthesis as follows:
circLPARI WT (226 bp), 5-CAGCAAACAAGAAAATTT
GTCTCCCGTAGTTCTGGGGCGTGTTCACCACCTA
CAACCACAGAGCTGTCATGGCTGCCATCTCTACTTC
CATCCCTGTAATTTCACAGCCCCAGGTGGACGTCTG
ATTTATGAAGCTCCCCATCCACCTATCTGAGTACCT
GACTTCTCAGGACTGACACCTACAGCATCAGGTACA
CAGCTTCTCCTAGCATGACTTCGATCTGAT-3'; and
circLPAR1 MT of the binding site with miR-762 (226 bp),
5'-CAGCAAACAAGAAAATTTGTCTCCCGTAGTTCT
GGGGCGTGTTCACCACCTACAACCACAGAGCTGTCA
TGGCTGCCATCTCTACTTCCATCCCTGTAATTTCAG
TCGGGCAGGTGGACGTCTGATTTATGAAGCTCCC
CATCCACCTATCTGAGTACCTGACTTCTCAGGACTG
ACACCTACAGCATCAGGTACACAGCTTCTCCTAGCA
TGACTTCGATCTGAT-3'". The bold text represents the



ONCOLOGY LETTERS 17: 3537-3547, 2019 3539
Table I. Comparison of patient clinicopathological characteristic for 125 patients with muscle-invasive bladder cancer.
Characteristic Low circLPARI1 level High circLPART1 level P-value®
Age, years 0.126
Median (range) 62 (38-78) 61 (25-74)
Sex, n (%) 0.465
Male 51 (48.1) 55(51.9)
Female 11 (57.9) 8 (42.1)
Pathological T stage, n (%) 0441
T2 41 (47.1) 46 (52.9)
T3+T4 21 (55.3) 17 (44.7)
Pathological N stage, n (%) 0.372
NO 48 (47.5) 53 (52.5)
NI1+N2 14 (58.3) 10 (41.7)
Pathological Grade, n (%) 0.073
Low 10 (35.7) 18 (64.3)
High 52 (53.6) 45 (46.4)
Maximum tumor diameter, cm 0.318
Median (range) 4.0 (1.0-19.0) 3.4 (0.2-18.0)
Tumor number, n 0.675
Median (range) 1.7 (1.0-5.0) 1.5(1.0-6.0)
Recurrence after transurethral resection 0.561
of bladder tumor, n (%)
Yes 17 (44.7) 21 (55.3)
No 45 (51.7) 42 (48.3)
Neoadjuvant chemotherapy prior to radical 0.039°
cystectomy, n (%)
Yes 46 (56.8) 35(43.2)
No 16 (36.4) 28 (63.6)
Urinary diversion, n (%) 0.086
Continent reservoir 40 (47.1) 45 (52.9)
Orthotopic neobladder 15 (46.9) 17 (53.1)
Cutaneous ureterostomy 7(87.5) 1(12.5)

“P-value was calculated by Mann-Whitney U test for continuous variables and y? test for categorical variables. "P<0.05. circLPARI1, circular

lysophosphatidic acid receptor 1.

circLPAR1 mutation site, and the underlined text represents
the back splice site.

The genomic region of circLPAR1-WT and MT was ampli-
fied by PrimerSTAR Max DNA Polymerase mix (Takara
Biotechnology Co., Ltd.) and subcloned into a pcDNA3.0
vector, which was kindly provided by the Shenglin Huang
lab (Fudan University Shanghai Cancer Center, Shanghai,
China).

Oligonucleotide transfection. Oligonucleotides (si-circLPARI,
relative miRNA inhibitor and relative miRNA mimics) were
synthesized by Guangzhou RiboBio Co., Ltd (Guangzhou,
China). Cells at 70-80% confluency in 6-well plates were trans-
fected with 3 ul oligonucleotides using 5 ul Lipofectamine®
RNAiMax (Thermo Fisher Scientific, Inc.). The sequences
of si-circLPAR1 are shown as follows (5'-3"): si-circPVTI-1,

CAGGTGGACGTCTGATTTA; si-circPVTI1-2, AGGTGG
ACGTCTGATTTAT; micrONTM hsa-miR-762 mimic, sense,
GGGGCUGGGGCCGGGGCCGAGC, and antisense, GCU
CGGCCCCGGCCCCAGCCCC; micrOFFTM hsa-miR-762
inhibitor, sense, GCUCGGCCCCGGCCCCAGCCCC;
miRNA mimic negative control, sense, UUUGUACUACAC
AAAAGUACUG, and antisense, CAGUACUUUUGUGUA
GUACAAA; miRNA inhibitor negative control, sense, CAG
UACUUUUGUGUAGUACAAA. Subsequent experiments
were performed 48 h after transfection.

Wound healing assay. The 5637 and T24 bladder cancer
cells were seeded in 6-well culture plates at a density of
1x10° cells/well in RPMI-1640 (Hyclone; GE Healthcare
Life Sciences) supplemented with 10% FBS (Hyclone; GE
Healthcare Life Sciences) and 1% penicillin/streptomycin, and
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Figure 1. The location and structure characteristics of circLPAR1 and the proof of cyclization. (A) circLPARI is derived from the 2nd and 3rd exons from the
LPARI gene which is located on chromosome 9. (B) Base sequence of the cyclization site. (C) Reads for four circRNAs from gene LPARI transcription by
RNA-sequencing. (D) The amplification products with the divergent primers. (E) The Sanger sequencing results indicated the presence of cyclization. The red
arrow indicates the splice site. (F) circLPAR1 was resistant to digestion with RNase R exonuclease. NC, negative control; circLPAR1, circular lysophosphatidic

acid receptor 1.

incubated for 12 h at 37°C. The cell monolayer was wounded by
scratching a line with sterile 200 ul pipette tip. The detached
cells were removed by washing the cell monolayer with PBS
for 5 sec using a sterile rubber dropper. Subsequently, the
mixtures of Lipofectamine RNAiMax and the si-circLPAR1
or negative control were added. The images were captured at
48 h using a digital camera.

Matrigel assay. si-circLPARI1-transfected 5637/T24 cells at a
density of 2x10° cells/0.2 ml RPMI-1640 were seeded in the
upper wells of Matrigel-precoated Transwell plates (Corning
Costar Co., Lowell, CA, USA). Lower chambers comprised
of 0.5 ml RPMI-1640 containing 10% FBS. At 48 h, the
membranes were treated with 4% formaldehyde for 30 min
at room temperature, followed by 2% crystal violet staining
for 15 min at room temperature. Cells that invaded across the
Transwell membrane were counted using a light microscope
(magnification, x40) in 10 randomly selected high-power
fields.

Luciferase reporter assay. In the luciferase reporter assay,
circLPARI1 was inserted into the region directly downstream
of a cytomegalovirus promoter-driven firefly luciferase
cassette in the pcDNA3.0 vector. Mutations in the miR-762
binding sites in the circLPARI1 sequence were inserted using
a Mut Express II Fast Mutagenesis kit (Vazyme, Piscataway,
NIJ, USA) as described previously. The primers were listed
as follows: Luc-cricLPARI-F; AACGGCCGCCAGTGTG
CTGGCAGCAAACAAGAAAATTTGTCTCCC and

Luc-cricLPAR1-R; TAGAATAGGGCCCTCTAGAGATCA
GATCGAAGTCATGCTAGGAG. 293 cells were seeded
into 96-well plates at a density of 1x10* cells/well 24 h prior
to transfection. The cells were then co-transfected using
Lipofectamine® RNAiMax (Thermo Fisher Scientific, Inc.)
with a mixture of 50 ng firefly luciferase reporter inserted
in a circLPAR1 wide-type/mutation fragment, 5 ng Renilla
luciferase reporter (from the Shenglin Huang lab, Fudan
University Shanghai Cancer Center, Shanghai, China) and
miRNA mimics/negative control (Guangzhou RiboBio Co.,
Ltd). At 48 h post-incubation, the firefly and Renilla luciferase
activities were quantified using a dual-luciferase reporter
assay (Promega Corporation, Madison, WI, USA). The relative
luciferase activity was calculated for each miRNA relative to
the negative control miRNA mimic.

Statistical analysis. In this retrospective study, Student's
unpaired t-test for two groups or one-way analysis of variance
followed by Tukey's post-hoc test for multiple comparisons
were used to compare continuous variables in different
groups. Data are presented as the mean + standard error of the
mean. Prognostic factors were assessed using univariate and
multivariate Cox regression. The overall survival curve was
plotted using the Kaplan-Meier method and a log-rank test.
P<0.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed using the
SPSS software version 16.0 (SPSS, Inc., Chicago, IL, USA).
Mann-Whitney U test was used for continuous variables and
y” test was used for categorical variables.
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Results

Identification and validation of circLPARI in bladder cancer
tissue. circLPARI (hsa_circ_0087960) is the product of gene
LPARI1 formed during the transcription process, 226 bp
in length, derived from exons 2 and 3 (Fig. 1A and B). The
transcriptome sequencing results indicated that the LPAR1
gene encodes three other circRNAs, including LPARI-f,
LPARI1-y and LPARI-8 (Fig. 1C). The amplification products
of circLAPR1 were assessed by RT-qPCR, and the divergent
primers certified that the cyclization site was expressed in
the bladder cancer samples (Fig. 1D). The Sanger sequencing
results also indicated the occurrence of cyclization (Fig. 1E).
The RNase R exonuclease digestion further confirmed that
the RNA species was stable in circular form and resistant to
digestion by RNase R (Fig. 1F).

circLPARI as a potential predictor of DSS for MIBC. Firstly,
the level of circLPAR1 expression was investigated by RT-qPCR
in 68 MIBC tissues and paired adjacent non-tumorous
tissues. The results demonstrated that the level of expression
was significantly reduced in MIBC tissue, compared with
para-carcinoma tissue (P=0.00002; Fig. 2A). The present
study subsequently evaluated the potential prognostic value
of the circRNA and identified that circLPAR1 expression
was significantly associated with neoadjuvant chemotherapy
prior to radical cystectomy (P=0.039; Table I). The mean DSS
was 54.8+2.6 months (median, 53.2 months; 95% confidence
interval CI, 49.7-60.0 months). In the univariate and multivar-
iate analyses, a low circRNA expression level (2444 <0.0023)
was significantly associated with poor DSS, compared with
a high circRNA expression level (P=0.001; Table II). The
median DSS was 52.4 months (95% CI, 42.9-57.3 months)
and 56.0 months (95% CI, 52.0-66.6 months) for low and high
circRNA expression groups, respectively (P=0.001), and the
survival curve for DSS was illustrated in Fig. 2B.

Altered invasion of bladder cancer cells by si-circLPARI.
The present study designed and synthesized two siRNAs for
circLPAR1 (Fig. 3A). The RT-qPCR results indicated that
these siRNAs could successfully knockdown the expression
of circLPARI1 without affecting the expression of the host
gene, LPARI (Fig. 3B). Further cell function tests including
Matrigel demonstrated that in T24 bladder cancer cells, the
invasion was significantly enhanced following the knockdown
of circLPARI (Fig. 3C). Similar results were also obtained for
the 5637 bladder cancer cells (Fig. 3D). In addition, wound
healing assays for these cell lines demonstrated similar results
(Fig. 3E and F).

Bioinformatics analysis of circLPARI in bladder cancer.
The present study identified that there were 56, 7, 52 and
25 associated mRNAs for these miRNAs (fold-change =2),
respectively(data not shown). The bioinformatics analysis
revealed that a total of 372 GO-Analysis-BP items were
associated with circLPAR1, and that 22 KEGG pathways were
associated with circLPAR1 (Fig. 4A and B). Additionally,
there were 60 negatively regulated miRNAs and 5 positively
regulated miRNAs for circLPARI1 (Fig. 4C). The data demon-
strated that circLPAR1 harbors four miRNAs (hsa-miR-920,
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Figure 2. Expression level of circLPARI in MIBC tissues and survival
curve of DSS for 125 patients. (A) Expression level of cirLPAR1 was signifi-
cantly reduced in 68 MIBC tissues, compared with para-carcinoma tissues
(P=0.00002). (B) There was significant difference in DSS between patients
with a low circRNA expression level and a high circRNA expression level
(52.4 vs. 56.0 months; P=0.001). MIBC, muscle-invasive bladder cancer;
circRNA, circular RNA; LPARI, lysophosphatidic acid receptor 1; DSS,
disease specific survival.

hsa-miR-1183, hsa-miR-323b-5p and hsa-miR-762) according
to the matching seed sequences (Fig. 4D), and a schematic
representation illustrated the putative binding sites of
circLPAR1 with the four associated miRNAs (Fig. 4E). The
present study also presented the two most markedly varying
molecular function and biological process GO items for each
of the four matched miRNAs, including miR-920, miR-1183,
miR-323b-5p and miR-762 (Fig. 4F).

circLPARI binds to miR-762 and inhibits its activity. A
circLPAR1 fragment was constructed and inserted down-
stream of the luciferase reporter gene. We hypothesized that
miRNAs associated with circLPARI may potentially inhibit
the luciferase activity by miRNA-mediated activation of
deadenylation and the subsequent exonucleolytic degradation.
The inclusion of circLPARI1 sequence in the 3' untranslated
region (3'UTR) was observed to cause the downregulation
of luciferase activity and knockdown of the endogenous
circLPART1 further decreased the luciferase activity (Fig. 5A).
Additionally, a luciferase reporter assay was performed using
these four miRNAs. Each miRNA mimic was co-transfected
with the luciferase reporters into 293 cells. Compared with
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Table II. Univariate and multivariate Cox regression analyses for disease-specific survival in 125 patients with muscle-invasive

bladder cancer.

Univariate analysis

Multivariate analysis

Variables P-value HR (95% CI) P-value HR (95% CI)
Age (years)
<61 vs. =61 0.910 0.968 (0.548-1.710)
Sex
Male vs. female 0.266 0.614 (0.260-1.451)
Pathological T stage®
T2 vs. T3+T4 0.008 2.176 (1.228-3.857) 0.027 1.885 (1.040-3.416)
Pathological N stage®
NO vs. N1+N2 0.070 1.780 (0.955-3.318)
Pathological Grade
Low vs. high 0.021 2.598 (1.154-5.851) 0.042 2.355 (1.031-5.380)
Maximum tumor diameter (cm) 0.089 1.682 (1.040-3.416)
<3.5vs.=235 0.015 2.041 (1.149-3.626)
Tumor number (n)
1 vs.22 0.403 0.762 (0.403-1.441)
circLPARI1 level
Low vs. high® 0.001 0.364 (0.197-0.673) 0.011 0.444 (0.237-0.832)
Recurrence after TURBT
Yes vs. no 0.356 1.351 (0.713-2.558)
Chemotherapy before radical cystectomy
Yes vs. no 0.19 1.466 (0.828-2.596)

2According to the 2002 6th edition of the Union for International Cancer Control Tumor-Node-Metastasis staging system. "The low level of
circLPAR1 expression was defined the level less than the median value (24%9=0.0023), and the high level was defined as the level equal or
more than the median value. TURBT, transurethral resection of bladder tumor; DSS, disease-specific survival; circLPARI, circular lysophos-

phatidic acid receptor 1; HR, hazard ratio; CI, confidence interval.

the negative control RNA, miR-762 and miR-920 significantly
reduced the luciferase reporter activity (P=0.005 and 0.027,
respectively; Fig. 5B).

The present study mutated the miR-762 target site by
including the circLPAR1 sequence in the 3'UTR (Fig. 5C).
The transfection of miR-762 and the luciferase reporter gene
inserted circLPARI mutated fragment did not significantly
affect the luciferase activity in 293 cells (Fig. 5D). Similar
results were obtained in T24 cells (Fig. SE). The transfection
of miR-762 in T24 cells did not significantly decrease the level
of circLPARI1, compared with the negative control, as assessed
by RT-qPCR (Fig. 5F), which indicated that circLPAR1 may
not be digested or suppressed by miR-762.

Matrigel assays demonstrated that in T24 bladder cancer
cells, the invasion was significantly enhanced following the
knockdown of circLPARI1 but suppressed by miR-762 (Fig. 6A).
Similar results were also obtained for the 5637 bladder cancer
cells (Fig. 6B). Additionally, the circRNA-miRNA-mRNA
interaction network for circLPAR1 was also illustrated in Fig. 7.

Discussion

Urothelial carcinoma is the most common type of bladder
cancer (16). Certain drugs, such as PD-L1 inhibitors, propose

novel treatment options and an improved patient prog-
nosis (17); however, the heterogeneity of tumors necessitates
the investigation of individualized treatments and prognostic
biomarkers. Non-coding RNA is an intensive research topic
in molecular biology and has been the focus of numerous
studies (11-14); however, the oncologic value of circRNA, as a
novel non-coding RNA, remains unclear in a clinical setting.
Thus, the present study focused on the clinical application of
circRNAs in bladder cancer and also investigated the under-
lying mechanism of action.

The majority of circRNAs are derived from exons and
frequently exist in eukaryotic cells (18). A series of endogenous
RNA molecules are speculated to serve a role in regulating
gene and protein expression, and exhibit functions in several
pathophysiological processes, including protein and miRNA
binding (19-21). In the present study a closed ring structure
is one of the most vital characteristics for circRNAs, and
hence, circRNAs are evaluated for the occurrence of circular
molecules. In our previous study, the parent gene LPARI in
bladder cancer tissue could be formed from four circRNAs, of
which one circRNA derived from exons 2 and 3, was highly
abundant (11). In the present study, this circRNA was termed
as circLPAR1, which constituted of 226 bp. The results of the
present study confirmed that circLPAR1 was resistant to RNase
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the NC (magnification, x40). NC, negative control; siRNA, small interfering RNA; circLPARI, circular lysophosphatidic acid receptor 1.
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Figure 5. circLPARI1 binds to miR-762 and inhibits its activity. (A) The entire circLPAR1 sequence was cloned into the downstream of the luciferase gene,
as a Luc-circLPARI1 plasmid. Luciferase reporter assay for the activity of Luc-circLPARI in 293 cells co-transfected with siRNA against circLPARI. (B) A
luciferase reporter assay was used to detect the luciferase activity of Luc-circLPAR1 co-transfected with four miRNA mimics in 293 cells. Data are presented
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R digestion. Divergent primers were used for amplification,
and the RT-qPCR product also demonstrated that the fragment
originated from across the back-splice site. Furthermore, the
distinct band on agarose gel electrophoresis was confirmed
as the ring structure by Sanger sequencing. These studies
substantiated the circular structure of circLPAR1.

circRNAs are associated with numerous diseases, such
as nervous system dysplasia, atherosclerosis and Alzheimer's
disease (22-24). Additionally, circRNAS serve a major role in the
occurrence and development of human tumors (8,25). Reportedly,
the abundance of several circRNAs, including circHIPK3,

differed significantly in the tumor and normal tissues (11,26).
Some scholars indicated that the content of circular RNA
(hsa_circ_002059) in gastric cancer was significantly reduced,
compared with adjacent tissues, and may be a potential novel and
stable biomarker for the diagnosis of gastric carcinoma (11,27).
An additional study demonstrated that the level of the circular
RNA hsa_circ_0001649 was not only decreased in the liver
cancer tissue but was also associated with tumor size and lymph
node metastasis (28). Zhong et al (29) elaborated the molecular
mechanism of circTCF25 promoting the occurrence of bladder
cancer by the inhibition of miR-103a-3p/miR-107.
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Figure 6. The effect on invasion ability of bladder cancer cells with knockdown of circLPAR1 by siRNA and it can return by inhibitor miR-762. The results
demonstrated that the miR-762 inhibitor significantly attenuated the si-circLPAR1-induced increase in cell invasion in the (A) T24 and (B) 5637 cell lines. The
number of the cells that pass through the Matrigel chamber are presented. NC, negative control; circLPAR1, circular lysophosphatidic acid receptor 1; miR,

microRNA; si, small interfering.
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Figure 7. The circRNA-miRNA-mRNA network for circLPARI. According to the result of bioinformatics analysis, there were four miRNAs negatively
regulated by circLPARI. In addition, certain mRNAs were also identified that may be negatively regulated by matched miRNAs. circLPARI, circular lyso-

phosphatidic acid receptor 1; miRNA, microRNA.



3546

In the present study, the expression of circLPAR1 was
observed to be decreased in 68 bladder cancer tissues, compared
with paired para-cancer tissues. The low level of circLPARI
expression was defined the level less than the median value
(2¢4%=0.0023), and the high level was defined as the level
equal or more than the median value. Further survival analysis
indicated that the DSS from patients with low a expression
level of circLPAR1 was 4 months shorter than those with a
high expression, and the risk of mortality in the low expression
group was two times greater than that in the high expression
group. A potential hypothesis was that circLPAR1 may activate
or inhibit certain signaling pathways, thus resulting in disease
progression (30). In order to investigate the effect of circLPAR1
on cell function, siRNA was employed to knockdown the
expression of circLPARI1, and the invasion and metastasis
ability of cells was observed to be significantly decreased.
Collectively, these results indicate that that circLPAR1 may be
associated with invasion and metastasis.

The most common mechanism of circRNA is speculated to
involve the negative regulation of the expression and function
of miRNAs (14,31). In the present study, the bioinformatics
analysis indicated that four miRNAs may be the potential
targets of circLPARI. Based on the luciferase reporter assay,
miR-762 and miR-920 were observed to reduce the luciferase
activity, and miR-762 varies significantly. Additionally, the
inhibition of luciferase activity could be alleviated in different
cells after mutating the circLPARI sites that could potentially
bind to miR-762. These results indicated that circLPAR1 could
bind to miR-762 and inhibit its activity as a miRNA sponge.
Previous studies also reported that miR-762 promoted the
proliferation and invasion of breast cancer and the development
of oral squamous cell carcinoma (32,33). Collectively, these
results revealed a plausible explanation that circLPAR1 may
serve a crucial role in the invasion and metastasis by miR-762.

However, the theory of circRNAs serving as the miRNA
sponge remains controversial. Although the sponge-like
effect of circRNAs has been proposed previously and
confirmed experimentally (31), recent literature does not
support this conclusion or indicate the presence of other
interacting isoforms (7,20). Notably, a host gene can produce
multiple circRNAs, one of which may exhibit abundant
functions, including in cell proliferation and migration (11).
Simultaneously, focus on the existing functional features of
the host genes is required.

In conclusion, the present study demonstrated that
circLPAR1, may be a potential novel and stable biomarker for
the prognosis of bladder cancer that may associate with the
invasion by miR-762. It indicated that the invasion of group
si-circLPAR1 and inhibitor-NC is same as Fig. 3C and D. But
for the group si-circLPARI1 and inhibitor-miR-762, the inva-
sion returned to the level of si-NC and inhibitor-NC (Fig. 6).

circLPAR1 may be a potential novel and stable biomarker
for the prognosis of MIBC and may be associated with the
invasion and metastasis by miR-762.
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