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Abstract. Dysregulated circular RNAs  (circRNAs) often 
contribute to the occurrence and development of various 
tumors; however, the function and mechanism of circRNAs 
are largely unknown in human bladder cancer (BC). In the 
present study, dysregulated circRNAs between BC and adja-
cent non‑neoplastic bladder tissues were analyzed by circRNA 
microarray. We randomly selected 10 upregulated and five 
downregulated circRNAs for validation by quantitative 
real‑time PCR. Bioinformatics analysis was further conducted 
to investigate the potential function of these differentially 
expressed circRNAs, with the differential expression of 
hsa_circRNA_100876, mir‑136‑5p, and mRNA‑chromobox 4 
(CBX4) subsequently verified. A total of 512 differentially 
expressed circRNAs were identified after scanning and 
normalization (340 upregulated and 172 downregulated 
circRNAs), with pathway and Gene  Ontology analyses 
revealing their association with multiple significant cancer 
pathways. Construction of a circRNA‑microRNA‑mRNA 
network suggested additional potential roles of these 
circRNAs. The expression of hsa_circRNA_100876 and 
CBX4 was significantly negatively correlated with the expres-
sion of miR‑136‑5p. Additionally, hsa_circRNA_100876 was 
highly positively correlated with CBX4 expression. The results 
revealed that hsa_circRNA_100876 inhibition suppressed 
BC cell proliferation and it was associated with advanced 
T stage and lymphatic metastasis, and poor overall survival 
of BC patients. In conclusion, these differentially expressed 
circRNAs offer novel insights into potential biological 
markers or new therapeutic targets for the treatment of BC. 
Furthermore, hsa_circRNA_100876 may increase the expres-
sion of CBX4 by competing with miR‑136‑5p, ultimately 
promoting the malignant biological behavior of BC. Aberrantly 
expressed hsa_circRNA_100876 could be used as a potential 

non‑invasive biomarker for the early detection and screening 
of BC.

Introduction

Bladder cancer (BC) is among the most common malignant 
neoplasms of the urological and procreation system world-
wide, with estimated new cases that exceed 380,000 and 
approximately 150,000 cancer‑related deaths annually (1,2). 
The occurrence of BC increases with age and is approximately 
4‑fold more prevalent in males than in females (3). Over 90% 
of BCs originate from the urothelial transitional epithelium, 
with 70% of patients presenting as non‑muscle‑invasive 
BC (NMIBC), which shows a tendency to recur but is gener-
ally not life threatening. Approximately 30% of patients are 
diagnosed with muscle‑invasive BC (MIBC) at disease onset, 
with this diagnosis associated with high mortality due to 
recurrence or distant metastases. Furthermore, approximately 
20% of NMIBC patients will undergo progression to MIBC, 
thereby worsening their prognosis (4). Early BC detection and 
intervention is important; therefore, a deeper understanding of 
the molecular changes in BC during tumorigenesis would help 
to develop a better therapeutic strategy for BC.

As a new regulatory molecule, non‑coding RNA (ncRNA) 
represents an emerging player in numerous pathophysiological 
processes (5), including those involving tumor development, 
apoptosis, and proliferation (6). Circular RNA (circRNA) is 
an endogenous ncRNA that widely exists in the eukaryotic 
transcriptome (7,8). CircRNAs are structured with a cova-
lently closed loop via a back‑splicing process through multiple 
mechanisms, which is different from linear RNAs harboring 
5' caps and 3' tails (9,10). CircRNAs were first identified as the 
result of spliceosome‑mediated splicing errors (11); however, 
with the development of high‑throughput sequencing and 
biotechnology, numerous functions of circRNAs have been 
recently revealed, including their roles in modulating gene 
expression, regulating alternative splicing, functioning as 
microRNA (miRNA) sponges or sequestering proteins (12‑14).

Emerging evidence confirms that dysregulation of 
circRNAs is linked to several human diseases, including 
cancers. For instance, hsa_circ_0001445 has been revealed 
to be overexpressed in hepatocellular carcinoma and to play 
an important role in cell apoptosis, migration, and prolifera-
tion (15). Hsa_circ_0007835 has been revealed to represent a 
functional oncogene in tumorigenesis in lung cancer cells (16). 
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In recent years, some researchers have investigated the role of 
aberrantly expressed circRNAs in the occurrence and develop-
ment of BC (17,18). However, the relevant in‑depth research 
associated with the pathogenic mechanism of circRNAs 
remains in its infancy in BC.

In the present study, circRNA‑expression profiles were 
screened and analyzed in three pairs of BC tissues and 
adjacent non‑neoplastic bladder  (ANNB) tissues through 
circRNA microarray, with the results identifying circRNAs 
with potential roles in BC tumorigenesis. Based on the 
profile, the competing endogenous RNA (ceRNA) networks 
in BC and the potential regulating relationships between 
the novel circRNA hsa_circRNA_100876, miR‑136‑5p and 
CBX4 were further investigated. Furthermore, bioinformatics 
analyses combined with experimental confirmation offered 
critical insight into the molecular signatures of circRNAs in 
BC carcinogenesis.

Materials and methods

Acquisition of tissue samples. Human BC tissues were selected 
from 43  patients (aged 50 to 68  years old) who received 
radical cystectomy between Oct 2015 and Dec 2017 at our 
institution (Shengjing Hospital of China Medical University, 
Shenyang, China) without preoperative neoadjuvant chemo-
therapy or radiotherapy. Three pairs of BC and matched 
ANNB tissues were used for circRNA microarray analysis, 
with another 40 pairs for subsequent validation. All samples 
were obtained within 5 min after resection and kept frozen 
in liquid nitrogen at ‑80˚C. All tissue samples were patho-
logically evaluated by two well‑experienced pathologists. The 
inclusion/exclusion criteria were as follows: i) pathologically 
confirmed bladder urothelial carcinoma; ii) no chemotherapy 
or radiotherapy before surgery; iii) no history of other malig-
nant tumors; iv) complete clinicopathologic and follow‑up 
data after surgery; and v) no evidence of distant metastasis 
at the time of surgery. All study participants provided their 
informed consent for inclusion in this study, and the protocol 
of the study was ratified and approved by the Research Ethics 
Committee of Shengjing Hospital of China Medical University 
(approval no. 2017PS012J).

CircRNA microarray hybridization. A NanoDrop ND‑1000 
(Thermo Fisher Scientific, Inc.) was used to quantify total 
RNA from each sample. Briefly, circRNAs were enriched 
by eliminating linear RNAs with Rnase R (Epicentre 
Biotechnologies), followed by amplification and transcription 
into fluorescent circRNA using a random priming method 
(Arraystar Super RNA labeling kit; Arraystar, Inc.). The 
labeled cRNAs were hybridized onto the Arraystar Human 
circRNA Array V2 (8x15K; Arraystar, Inc.). After washing 
the slides, the hybridized arrays were washed by Arraystar 
Circular RNA microarray v 2.0. and then fixed on the chip 
scanner for signal value detection. Then, 1 µg of each labeled 
cRNA was fragmented by adding 5 µl 10X Blocking Agent 
and 1 µl of 25X fragmentation buffer, then heated the mixture 
at 60˚C for 30 min. Subsequently, 25 µl of 2X hybridization 
buffer was added to dilute the labeled cRNA. Then, 50 µl 
of hybridization solution was dispensed into the gasket slide 
and assembled to the circRNA expression microarray slide. 

Finally, hybridized arrays were scanned using an Agilent 
Scanner G2505C (Agilent Technologies, Inc.).

Microarray data analysis. The feature extraction software 
(v11.0.1.1; Agilent Technology, Inc.) was use to analyze 
the collected array images. The limma package from the 
R software package (https://www.r‑project.org/) was used 
for quantile normalization and subsequent data processing. 
CircRNA exhibiting fold change (FC) ≥2 and a P<0.05 were 
considered significant. Volcano‑plot (generated by R Software 
R‑3.3.1 gplots) was performed to identify differentially 
expressed circRNAs with statistical significance between 
two groups and fold‑change filtering was performed to iden-
tify differentially expressed circRNAs between two groups. 
Hierarchical clustering (produced by R  software R‑3.3.1 
gplots, function heatmap2) was performed to display variable 
circRNA‑expression patterns among samples. Data conversion 
is based on Z‑Score. Arraystar miRNA target‑prediction soft-
ware utilizing the TargetScan (http://www.targetscan.org/) (19) 
and miRanda (http://www.miranda.org) (20) databases was 
used to investigate circRNA‑miRNA relationships, with the 
top five predicted miRNAs for each differentially expressed 
circRNA extracted for further analysis. CircRNA‑miRNA 
interactions were annotated in detail.

Reverse transcription‑quantitative PCR (RT‑qPCR) 
validation. In order to be more representative of the chip as 
a whole, 40 sets of BC and ANNB tissues were randomly 
selected from the microarray for further verification by 
RT‑qPCR analysis. Total RNA was extracted from each frozen 
sample (the amount of tissue was ~100 mg) in accordance with 
the manufacturer's protocol (RNAiso PLUS; Takara Bio, Inc.). 
The 1% agarose electrophoresis determined the integrity of 
the isolated RNA, and PrimeScript RT reagent kit with gDNA 
Eraser (Takara Bio, Inc.) was used to synthesize first‑strand 
cDNA. A spectrophotometer was used to measure the optical 
density ratio at 260 and 280  nm (OD260/280=1.8‑2.0) to 
determine RNA concentration. Primer 5.0 software (Premier 
Biosoft) was used to design specific primers, which are 
listed in Table  SI. A StepOnePlus real‑time PCR system 
with SYBR‑Green I (Takara Bio, Inc.) was used to conduct 
RT‑qPCR. Glyceraldehyde 3‑phosphate dehydrogenase 
(GAPDH) was used as an internal control. Each sample was 
tested in triplicate. The thermocycling conditions used were 
as follows: 95˚C for 30 sec, followed by 40 cycles at 95˚C for 
5 sec and 60˚C for 30 sec. Relative mRNA expression levels 
were determined using the 2‑ΔΔCq method (21).

Dual luciferase reporter assay. The mutant and wild‑type 
sequences of hsa‑circRNA‑100876 were cloned down-
stream of the firefly luciferase gene pGL3 vector (Promega 
Corporation). Based on the instructions of the manufac-
turer, Luciferase Reporter plasmid (Promega Corporation) 
and miR‑136‑5p expression plasmid (pmirGLO) were 
co‑transfected instantaneously utilizing Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, 
pGL3‑hsa_circRNA_100876 vectors and miR‑136‑5p mimics 
along with negative control were co‑transfected into 293 cells 
(Bena Culture Collection). Then, 48 h later, Dual-Luciferase 
reporter gene assay kit (Promega Corporation) was used 
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to detect luciferase activity. The sequences of miR‑136‑5p 
mimics were provided by RiboBio Biotechnology Co., Ltd. 
and were as follows: forward, 5'‑ACU​CCA​UUU​GUU​UUG​
AUG​AUG​GA‑3' and reverse, 5'‑UCC​AUC​AUC​AAA​ACA​
AAU​GGA​GU‑3'. For each analysis, the Renilla luciferase 
signal was standardized to the firefly luciferase signal.

Cell culture and CCK‑8 assay. The BC cell lines EJ‑1 
(EJ) and T24 used in the present study were obtained from 
the Cell Bank of the Chinese Academy of Sciences in 
Shanghai. In addition, both cells lines were authenticated 
by STR profiles. Cells were grown at 37˚C in a humidified 
atmosphere of 5% CO2. All the cell lines were cultured in 
DMEM medium (Invitrogen; Thermo Fisher Scientific, 
Inc.) supplemented with 1% penicillin‑streptomycin and 
10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.). Whether hsa_circRNA_100876 is involved 
in BC cell proliferation ability was measured using Cell 
Counting Kit‑8 (CCK‑8; Dojindo Molecular technologies, 
Inc.) assay. Cells in each group were digested by 0.25% 
trypsin and seeded into 96‑well plates (5,000 cells/well); 
and three duplicate wells were set for each group of cells. 
CCK‑8 (10 µl) reagent was added to each well and incubated 
at 37˚C for 150 min after transfection for 24, 48, 72 and 
96  h. All the experiments were performed in triplicate. 
The absorbance was detected at 450 nm using a microplate 
reader instrument (Sunrise™; Tecan Group, Ltd.). The ratio 
of absorbance difference between the experimental group 
and blank control group/24‑h difference was the cell prolif-
eration rate. The small interfering RNA (siRNA) targeting 
circRNA_100876 (si‑circRNA_100876) was provided 
by RiboBio Biotechnology Co., Ltd. and was as follows: 
si‑circRNA_100876, 5'‑CTC​CTA​CAA​TGT​TGA​TAT​G‑3'. 
si‑NC (product no. siN0000001‑1‑5) was also provided by 
RiboBio Biotechnology Co., Ltd.

Bioinformatics analysis. Gene  Ontology  (GO) enrich-
ment analysis (22) was performed to determine functional 
annotations of miRNA target genes, mainly including three 
independent ontologies (molecular function, cellular compo-
nent and biological process). TopGO (https://bioconductor.
org/packages/release/bioc/html/topGO.html; version 2.32.0) 
was used to perform GO analysis of the differentially expressed 
genes to infer their involvement in molecular functions. Kyoto 
Encyclopedia of Genes and Genomes (KEGG) enrichment 
analysis (23) was used to clarify the interactions and functions 
among these differentially expressed genes. The R script was 
used to calculate the significance of differentially expressed 
genes and KEGG through hypergeometric distribution, and 
Fisher's exact test was used to calculate the P‑value. Data 
downloads were based on the GO website (http://geneontology.
org) and KEGG website (https://www.genome.jp/kegg/). The 
threshold for the P‑value was <0.05 and the count number >2. 
The top 10 enriched GO items and KEGG pathways of the 
differentially expressed mRNAs were ranked by enrichment 
score [‑log10 (P‑value)].

Construction of a circRNA‑miRNA‑mRNA regulatory network. 
The selected significantly expressed circRNAs, predicted 
miRNAs and protein‑coding mRNAs were used to construct 

a circRNA‑miRNA‑mRNA regulatory network by a software 
based on TargetScan and miRanda (http://www.miranda.org). 
The software that was used considered the capacity and 
number of circRNA‑microRNA binding sites, as well as the 
binding capacity of microRNA and mRNA.

Western blotting. Total proteins (~100 mg of tissue) were 
extracted from cell lysates with wash buffer (1X PBS, 
0.1%  SDS, 0.5%  nonidet‑P‑40 and 0.5%  sodium deoxy-
cholate) containing 1% (w/v) protease inhibitor (Beyotime 
Institute of Biotechnology), and a BCA protein assay kit 
(Beyotime Institute of Biotechnology) was used to quan-
tify the protein concentrations. Protein extract (80 µg) was 
loaded onto 10% SDS‑PAGE gels and then transferred to 
polyvinylidene fluoride membranes (EMD Millipore). The 
membranes were then incubated with Tris‑buffered saline 
containing 0.05%  Tween‑20 and 5%  skim milk powder 
for 2 h at room temperature in the presence of the rabbit 
anti‑CBX4 monoclonal antibody at 4˚C overnight (dilution 
1:1,000; cat. no. PA5‑109482; Thermo Fisher Scientific, Inc.), 
followed by incubation for 120 min at room temperature 
with the corresponding secondary antibody HRP‑conjugated 
Affinipure goat anti‑rabbit IgG (H+L) (dilution 1:2,000; 
cat. no. SA00001‑2, ProteinTech Group, Inc). GAPDH was 
used as an internal reference (1:10,000; cat. no. 10494‑1‑AP; 
ProteinTech Group, Inc.), and an enhanced chemilumines-
cence kit was used for visualization (Beyotime Institute of 
Biotechnology). The relative expression of the target protein 
was quantified by ImageJ software (version 1.48v; National 
Institutes of Health).

Immunohistochemical staining. The 40 pairs of paraffin 
sections from BC tissues and ANNB tissues were prepared 
and analyzed. The sections (4‑µm thick) were fixed with 
10% neutral buffer formalin at room temperature for 12 h. 
The sections were randomly numbered and double blinded. 
Immunohistochemistry was performed using an SP kit 
(ZSGB‑BIO; OriGene Technologies, Inc.). After rinsing with 
phosphate‑buffered saline (PBS), 3% H2O2 was added at 
room temperature for 15 min. Then the sections were sealed 
with goat serum at room temperature for 15 min (ZSGB‑BIO; 
OriGene Technologies, Inc), followed by antigen retrieval in 
a microwave (total power 800 W, time 10 min). An appro-
priate dilution of primary antibody (CBX4; 1:200; cat. 
no.  sc‑517216; Santa Cruz Biotechnology, Inc.) was then 
added and the sections were incubated overnight in wet box 
at 4˚C. The sections were then washed and incubated for 
30 min at 37˚C with a secondary antibody [HRP‑conjugated 
Affinipure goat anti‑mouse IgG (H+L); cat. no. SA00001‑1; 
ProteinTech Group, Inc], rinsed with PBS and then incu-
bated with horseradish oxidase‑labeled streptomycin avidin 
working solution (ZSGB‑BIO; OriGene Technologies, Inc.) 
for 30 min at 37˚C. Sections were then rinsed again in PBS and 
antibody binding was developed using a DAB chromogenic 
kit (Beyotime Institute of Biotechnology). Sections were 
then counterstained with hematoxylin at room temperature 
for 90 sec. A light microscope (original magnification, x100; 
Nikon Corporation) was used to score the results of immu-
nostaining, by multiplying the score of staining intensity of 
positive cells and the score of the percentage of positive cells. 
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The final score is the degree of staining multiplied by the 
intensity.

Statistical analysis. Quantitative data are presented as the 
mean ± SEM. One‑way ANOVA analysis and paired Student's 
t‑test were used to assess significance among groups. Following 
one‑way ANOVA, Tukey's post hoc test was performed. SPSS 
software (v19.0; SPSS, Inc.) was used to process all statistical 
analyses. A receiver operating characteristic (ROC) curve was 
generated to evaluate its diagnostic value and following calcu-
lation of a binomial exact‑confidence interval to determine the 
area under the ROC curve (AUC). The associations between 
hsa_circRNA_100876 expression and prognosis of BC 
patients were evaluated using Kaplan‑Meier survival analysis 
and log‑rank tests. All tests were performed in triplicate. A 

P‑value <0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Overview of circRNA expression in paired bladder tissues. 
We selected three pairs of primary BC and ANNB tissues 
with similar clinicopathologic features to perform circRNA 
microarray for screening dysregulated circRNAs in BC. With 
a threshold of FC ≥2.0 and P<0.05, 512 differentially expressed 
circRNAs were identified following scanning and normaliza-
tion, with 340 circRNAs significantly upregulated and 172 
significantly downregulated. As revealed in Table SII, the 
top 10 regulated circRNAs were presented, along with other 
detailed information on P‑value, FDR, strand, chromosome, 

Figure 1. Overview of the microarray expression data. (A) The box plot was used to reveal the normalized intensities of the profile distributions of circRNAs. 
(B) Hierarchical clustering of the differentially expressed circRNA expression data in BC tissues and control groups. The expression intensity was represented 
by different colors. (C) The scatter plot revealed the variation of circRNA expression between BC tissues and control groups. The values of the x- and y-axes in 
the scatter plot were the normalized signal values of the samples (log2‑scaled). The green fold‑change lines represented 2‑fold changes, thus circRNAs above 
or below the green lines indicated >2.0‑fold upregulation or downregulation. (D) A volcano plot was applied to visualize differentially expressed circRNAs. 
The vertical green lines indicated a 2.0‑fold (log2‑scaled) up and down, respectively. The horizontal green line represents P=0.05 (‑log10‑scaled). The red 
squares in the plot represent the differentially expressed circRNAs with statistical significance. BC, bladder cancer; ANNB tissues, adjacent non‑neoplastic 
bladder tissues; circRNA, circular RNA.
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circRNA type and gene symbols. The box plot indicated that 
the circRNA distribution among the six samples was nearly 
identical after normalization (Fig.  1A), and hierarchical 
clustering revealed clear variations in the expression profiles 
between BC and ANNB tissues (Fig.  1B). Differentially 
expressed circRNAs among samples were assessed by 
scatter‑plot visualization (Fig. 1C) which revealed the varia-
tion of circRNA expression between BC tissues and control 
groups, and volcano map analysis (Fig. 1D) which was applied 
to visualize differentially expressed circRNAs.

Classification of the dysregulated circRNAs is presented 
in the bar diagram (Fig.  2A). The results identified 340 
upregulated circRNAs comprising 285 exonic, 25 intronic, 
19 sense‑overlapping, eight antisense, and three intergenic 
regions, whereas the 172 downregulated circRNAs contained 
148 exonic, 13 intronic, nine sense‑overlapping, one inter-
genic, and one antisense in BC‑tissue samples. Chromosomal 
distribution analysis indicated that most were located on chro-
mosome 1, while few located on chromosome 21 and the Y 
chromosome (Fig. 2B).

RT‑qPCR validation of selected identified dysregulated 
circRNAs. Fifteen circRNAs (ten upregulated and five 

downregulated) were randomly selected from the microarray 
for further verification by RT‑qPCR analysis from 40 sets of BC 
and ANNB tissues. Eleven of the 15 circRNAs were verified 
as significantly differentially expressed in cancer tissues, with 
eight upregulated and three downregulated (Fig. 3A and B). 
The results revealed upregulation of hsa_circRNA_100086, 
_038632, _100876, _102241, _004646, _102505, _104600, 
and _005411 expression in BC tissues relative to their levels 
in ANNB tissues, whereas hsa_circRNA_001409, _101969, 
and _103801 were downregulated. These findings were 
consistent with microarray results.

GO and KEGG pathway analyses of the differentially 
expressed circRNAs. To investigate how circRNAs regulate 
the expression of a target gene, nine circRNAs (7 of the nine 
circRNAs were upregulated and 2 were downregulated) were 
randomly selected from the validated circRNAs for GO and 
KEGG pathway analyses. GO analysis annotated genes targeted 
by the nine differentially expressed circRNAs in domains of 
molecular functions, biological processes and cellular compo-
nents. KEGG pathway analysis indicated that several pathways 
involved in cancer were related to the dysregulated circRNAs. 
The results were ranked by fold enrichment [(Count/Pop.Hits)/ 

Figure 2. Distribution and classification of circRNAs. (A) Classification of the differentially expressed circRNAs is presented in the bar diagram. (B) The 
number of differentially expressed circRNAs detected in each chromosome. circRNAs, circular RNAs.

Figure 3. RT‑qPCR validation of differentially expressed circRNAs. (A) Ten randomly selected circRNAs were validated to be upregulated in BC tissues 
compared with ANNB tissues by RT‑qPCR. (B) Five randomly selected circRNAs were validated to be downregulated in BC tissues compared with ANNB 
tissues by RT‑qPCR. Data were expressed as the mean ± SEM. *P<0.05 and **P<0.01. BC, bladder cancer; ANNB tissues, adjacent non‑neoplastic bladder 
tissues; circRNAs, circular RNAs; RT‑qPCR, reverse transcription‑quantitative PCR; SEM, standard error of mean.
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Figure 4. Top‑ranked biological functions of hsa_circRNA_100876 and 038632 in GO analysis and Pathway analysis. (A) The top 10‑fold enrichment scores 
in GO enrichment analysis on target genes of hsa_circRNA_038632. (B) The top 10‑fold enrichment scores in GO enrichment analysis on target genes of 
hsa_circRNA_100876. Red bars represent BP, green bars represent CC and blue bars represent MF. (C) The top 10 enrichment scores in the Pathway analysis 
on target genes of hsa_circRNA_038632 are presented. (D) The top 6 enrichment scores in the Pathway analysis on target genes of hsa_circRNA_100876 are 
presented. circRNA, circular RNA; GO, Gene Ontology; BP, biological processes; CC, cellular components; MF, molecular functions.
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Figure 5. Construction of the circRNA‑miRNA‑mRNA regulation network. The visualization of (A) the circRNA‑miRNA‑mRNA regulation network for six 
candidate circRNAs and (B) the has_circRNA_100876‑miRNA‑mRNA interactions were predicted based on TargetScan and miRanda software. circRNA, 
circular RNA; miRNA, microRNA.
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(List.Total/ Pop.Total)] and revealed enrichment of multiple 
critical biological functions associated with BC progression 
(results for hsa_circRNA_100876 and _038632 are presented 
in Fig. 4A‑D). In addition, the supplementary results of GO 
and pathway analyses are presented in the Figs. S1‑S7, identi-
fying multiple items associated with cancer progression. For 
example, hsa_circRNA_102241 was related to 51 pathways, 
of which the top 1 pathway was related with ‘proteoglycans 
in cancer’. As is known, some proteoglycans have pro‑ and 
anti‑angiogenic activities, whereas other proteoglycans can 
also directly affect cancer growth by modulating key signaling 
pathways.

Construction an interaction network of ceRNA. To visualize 
a circRNA‑regulatory network, interactions between the 
six confirmed differentially expressed circRNAs and their 
association with miRNAs and target genes were predicted, 
followed by construction of a unified interaction‑network 
model. The co‑expression pattern of circRNA‑miRNA‑mRNA 
is presented in Fig. 5A. These results indicated potential roles 
for the identified circRNAs as endogenous RNAs capable of 
altering target gene expression. In addition, a ceRNA network 
of hsa_circRNA_100876‑miRNA‑mRNA is presented in 
Fig. 5B. A total of 4 miRNAs (miR‑136‑5p, miR‑217, miR‑665 
and miR‑636) and corresponding target mRNAs were 
predicted to have an interaction with hsa_circRNA_100876 
in the present study. For each of the four identified interacting 
miRNAs, the intersection of predictions from TargetScan and 
miRanda were used to find their targeting protein coding genes. 
A total of 140 miRNA‑regulating protein coding genes were 

identified for hsa_circRNA_100876. It was revealed that hsa_
circRNA_100876 may be highly correlated and co‑expressed 
with mRNAs. This provides us with another research strategy 
to explore the mechanism of hsa_circRNA_100876 by identi-
fying its associated mRNAs and investigating whether it can 
play a role by regulating the expression of certain associated 
mRNAs.

Clinicopathologic assessment of hsa_circRNA_100876 
expression in BC patients. To determine possible roles 
of the dysregulated circRNAs in BC carcinogenesis, 
hsa_circRNA_100876 was selected for further study. The 
results revealed that hsa_circRNA_100876 was located on 
chromosome 11 (71668272‑71671937) and differentially over-
expressed in BC tissues relative to ANNB tissues (Fig. 6A). 
ROC curve analysis revealed an AUC value of 0.7003 (Fig. 6B), 
with a specificity of 52.5% and sensitivity of 90%, suggesting 
the potential diagnostic efficacy of hsa_circRNA_100876 as a 
BC biomarker.

To confirm the clinical value of these molecular differences, 
analyses were performed to evaluate associations between 
hsa_circRNA_100876 expression and clinicopathologic 
features. As revealed in Table  I, increased levels of hsa_
circRNA_100876 were significantly associated with T stage 
and lymphatic metastasis in BC patients (P<0.05), although the 
expression level was not related to sex, age, histological grade, 
or recurrence. Furthermore, univariate analysis indicated that 
the hsa_circRNA_100876 expression, T stage, and lymphatic 
metastasis were significantly related to the overall survival 
(OS) of patients (P<0.05), and multivariate analysis revealed 

Figure 6. Relative expression of hsa_circRNA_100876 and its clinical significance in BC tissues. (A) Hsa_circRNA_100876 expression was validated in 
40 pairs of BC tissues and ANNB tissues by RT‑qPCR. (B) The ROC curve was used to evaluate the potential diagnostic value of hsa_circRNA_100876; 
the AUC was 0.7003. (C) Kaplan‑Meier overall survival curve based on the expression level of hsa_circRNA_100876. Patients with high expression 
exhibited reduced survival time. BC, bladder cancer; ANNB tissues, adjacent non‑neoplastic bladder tissues; circRNA, circular RNA; RT‑qPCR, reverse 
transcription‑quantitative PCR; ROC, receiver operating characteristic curve; AUC, area under the ROC curve. **P<0.01.
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hsa_circRNA_100876 expression and lymphatic metas-
tasis as independent factors affecting BC patient prognosis 
(Table II). Moreover, Kaplan‑Meier survival analysis used to 
estimate the association between the hsa_circRNA_100876 
patient prognosis post‑surgery indicated that increased hsa_
circRNA_100876 expression was correlated with markedly 
shorter OS duration (Fig. 6C).

Hsa_circRNA_100876 inhibition suppresses BC cell prolif‑
eration. To confirm the role of hsa_circRNA_100876 in cell 
proliferation, specific siRNA targeting hsa_circRNA_100876 
were transfected into BC cells (EJ and T24), resulting in a 
significant decrease in hsa_circRNA_100876 expression 
(Fig. 7A and B; P<0.05). The results of CCK‑8 assays revealed 
that, compared to the si‑NC group, the proliferation abilities 
of EJ and T24 cells transfected with si‑hsa_circRNA_100876 
were significantly reduced (Fig. 7C and D; P<0.05), revealing 
that knockdown of hsa_circRNA_100876 suppressed 
proliferation of BC cells.

Overexpression of hsa_circRNA_100876 downregulates 
miR‑136‑5p and upregulates CBX4 levels. We constructed a 
network of circRNA‑miRNA‑mRNA interactions to visualize 

potential relationships based on circRNA microarray data. 
Prediction of miRNA targets revealed that miR‑136‑5p 
shared binding sites with hsa_circRNA_100876 (Fig. 8A), 
and the binding sites were further validated by luciferase 
reporter assay (Fig. 8C). Furthermore, the same complemen-
tary binding sites were revealed between miR‑136‑5p and 
CBX4 (Fig. 8A), which was further validated through lucif-
erase reporter assay (Fig. 8E). Moreover, RT‑qPCR analysis 
confirmed significant downregulation of miR‑136‑5p 
(Fig. 8B) in BC tissues relative to ANNB tissues, along with 
its negative correlation with hsa_circRNA_100876 expres-
sion (r=‑0.7842, P<0.001) (Fig. 8F). Furthermore, it was 
observed that CBX4 levels were aberrantly upregulated in 
BC tissues (Fig. 8D), revealing a possible positive correla-
tion with hsa_circRNA_100876 expression and a negative 
correlation with miR‑136‑5p expression (r=0.7619 and 
‑0.6404, P<0.001, respectively) (Fig. 8G and H). Western 
blot analysis indicated increased CBX4 levels in BC tissues 
as compared with ANNB tissues, which was consistent with 
the RNA levels (Fig. 9A). Additionally, immunohistochem-
ical staining results confirmed the increased CBX4 levels 
in BC tissues and relatively low levels in ANNB tissues 
(Fig. 9B).

Table I. Relationship between the expression levels of hsa_circRNA_100876 and clinicopathological features in bladder cancer 
patients.

Features	 Group	 Case	 High expression	 Low expression 	 P‑value

Age (years)	 ≤60	 14	 8	 6	 0.336
	 >60	 26	 18	 8
Sex 	 Male	 29	 20	 9	 0.311
	 Female	 11	 6	 5
Histological grade	 Low grade	 13	 8	 5	 0.509
	 High grade	 27	 18	 9
T Stage	 T1‑T2	 11	 4	 7	 0.026a

	 T3‑T4	 29	 22	 7
Recurrence	 Yes	 12	 8	 4	 0.591
	 No	 28	 18	 10
Lymphatic metastasis	 Yes	 15	 13	 2	 0.027a

	 No 	 25	 13	 12

aP<0.05, high vs. low expression.

Table II. Univariate and multivariate analysis for overall survival.

	 Univariate	 Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Parameters	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

T stage	 2.730	 1.173‑6.524	 0.029a	 3.218	 1.076‑9.625	 0.037a

Lymphatic metastasis	 2.291	 1.023‑6.820	 0.048a	 2.231	 0.921‑5.406	 0.076
Hsa_circRNA_100876 expression	 3.193	 1.329‑7.669	 0.009b	 3.704	 1.076‑12.753	 0.038a

aP<0.05 and bP<0.01.
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Discussion

The molecular mechanisms associated with BC progression 
continue to be the focus of laboratory and clinical investiga-
tions, with recent findings identifying candidate miRNAs 
and lncRNAs involved in BC (24‑26). As a new member of 
ncRNAs, circRNAs have attracted much attention for their 
involvement with disease and miRNA regulation  (27,28). 
CircRNAs are abundant, conserved, stable, and cell‑type 
specific molecules involved in regulating cell function (29). 
Roles for circRNAs in diseases, such as diabetes (30) and those 
affecting the nervous (31) and cardiovascular systems (32), and 
tumorigenesis have received increased attention. For instance, 
a recent study has reported that hsa‑circ‑0000190 may be 
considered as a potential diagnostic biomarker for gastric 
cancer according to its downregulation in cancer tissues (33). 
Circ‑ITCH was reported to be overexpressed in patients with 
lung cancer (34), and hsa_circRNA_100876 was associated 
with lymph node metastasis and stage of lung cancer (35). 
Furthermore, six circRNAs were identified to play important 
roles in carcinogenesis as ceRNA for the regulation of the 
miRNA‑mRNA network in colorectal cancer  (36). These 
findings indicate the key roles of circRNAs as biomarkers in 
early diagnosis and prognosis of cancers, as well as potential 
therapeutic targets. Furthermore, circRNAs have been identi-
fied in urologic neoplasms (37); however, their roles in BC 
remain largely unknown.

To investigate the possible effects of circRNAs on BC, 512 
differentially expressed circRNAs from paired BC and ANNB 
tissues were identified. RT‑qPCR analysis of the dysregulated 
circRNAs confirmed that 11 of the results were statistically 
significant (P<0.05) and consistent with microarray results. 
Reasons for the verification inconformity results compared 
with the chip are: Firstly, the microarray chip technology itself 
has a certain false positive rate, and the high cost of screening 
chips leads to a limited number of cases for screening of 
circRNAs. Additionally, different results may occur due to 
the inherent differences among patients, such as the degree 
of pathological differentiation and cancer stage and grade. 
Moreover, differences in the standardization process between 
the microarray and RT‑qPCR could also lead to variations in 
the results.

The potential function of the differentially expressed 
circRNAs was elucidated by GO and KEGG analyses. The 
results indicated their relationship with the aberrant expression 
of several mRNAs, as well as biological pathways alterations, 
suggesting their potential roles in BC. GO analysis indicated that 
hsa_circRNA_038632 was associated with ADP‑ribosylation 
factors (ARFs), which was associated with p53 degradation and 
downregulation of p53 transcription. Certain oncogenes and 
regulatory factors can regulate p53 function through ARFs, 
leading to several cancers (38‑41). Additionally, studies have 
reported dysregulated ARF levels in BC along with abnormal 
promoter methylation involved in BC development, suggesting 

Figure 7. Knockdown of hsa_circRNA_100876 suppresses BC cell proliferation in vitro. (A and B) Expression of hsa_circRNA_100876 in EJ and T24 cell lines 
transfected with specific siRNAs targeting hsa_circRNA_100876. (C and D) CCK‑8 assays revealed the proliferation in the hsa_circRNA_100876‑knockdown 
group and the control group. Data were expressed as the mean ± SEM. *P<0.05 represents a statistically significant difference. **P<0.01. circRNA, circular 
RNA; BC, bladder cancer; si‑, small interfering; NC, negative control. 



ONCOLOGY REPORTS  45:  239-253,  2021 249

it as a potential prognostic marker of BC (42,43). Moreover, 
GO analysis revealed that an hsa_circRNA_100876 target 

gene was involved in Ras‑related protein (RAP) signal trans-
duction and the CC chemokine receptor 4‑negative regulator 

Figure 8. Correlations of hsa_circRNA_100876, miR‑136‑5p and CBX4. (A) The identical putative binding sites of miR‑136‑5p on the hsa_circRNA_100876 
and CBX4. (B) The relative expression of miR‑136‑5p was validated in 40 pairs of BC tissues and ANNB tissues by RT‑qPCR. (C) A luciferase reporter assay 
validated the binding of has_ circRNA_100876 and miR‑136‑5p. (D) The relative expression of CBX4 was validated in 40 pairs of BC tissues and ANNB 
tissues by RT‑qPCR. (E) A luciferase reporter assay validated the binding of miR‑136‑5p and CBX4. (F) Hsa_circRNA_100876 expression was negatively 
correlated with miR‑136‑5p expression in BC tissues (r=‑0.7842, P<0.001). (G) Hsa_circRNA_100876 expression was positively correlated with CBX4 expres-
sion in BC tissues (r=0.7619, P<0.001). (H) CBX4 expression was negatively correlated with miR‑136‑5p expression in BC tissues (r=‑0.6404, P<0.001). CBX4, 
chromobox 4; BC, bladder cancer; ANNB tissues, adjacent non‑neoplastic bladder tissues; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative 
control. *P<0.05, **P<0.01.
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of transcription (CCR4‑NOT) complex. RAP plays an impor-
tant part in the mitogen‑activated protein kinase (MAPK) 
pathway, which acts as a central role in tumorigenesis by 
promoting cancer development and progression, including that 
of BC (44). Additionally, the CCR4‑NOT complex plays exten-
sive roles in gene regulation, such as transcription regulation, 
mRNA attenuation and quality control, translation inhibition, 
and protein ubiquitination (45). Therefore, these differentially 
expressed circRNAs may exert their biological functions by 
affecting the expression of target genes associated with path-
ways involved in promoting BC development. KEGG analysis 
identified multiple pathways associated with cancer progres-
sion. The results revealed that hsa_circRNA_038632 was 
related to 61 pathways, 28 of which are associated with cancers, 
including classic cancer pathways involving p53, Wnt, and Ras 
signaling pathway. Among the identified pathways related 
to malignancy, we discovered a BC‑specific pathway, with 
the corresponding mRNAs identified as playing key roles in 
tumor aggressiveness (46,47). Moreover, six pathways related 
to hsa_circRNA_100876 included four malignancy‑related 
pathways and the Hippo‑signaling pathway was recently 
confirmed as being involved in BC development (48). These 
findings suggested that the identified circRNAs may affect the 
expression of target genes associated with different BC‑related 
pathways directly or indirectly.

A previous study reported that circRNAs are enriched 
with miRNA response elements (MREs), which could be 

regarded as miRNA sponges to adsorb miRNA and eliminate 
their inhibitory effects on target mRNA, thereby upregulating 
protein translation as an important aspect of posttranscriptional 
regulation (13). The mechanisms associated with circRNA 
functions as miRNA sponges related to BC have been reported 
in several studies. Zhong et al  (49) reported that circRNA 
MYLK reduced miR‑29a activity through sponge adsorption 
to advance the progression of BC by measuring the vascular 
endothelial growth factor (VEGF)/VEGF receptor‑2 signaling 
pathway. Different from traditional linear miRNA sponges with 
only one MRE, circRNA contain several MREs. In a previous 
study, Li et al  (50) reported that circ‑ITCH competitively 
adsorbed miR‑17, miR‑214 and miR‑7, leading to an increased 
expression of circ‑ITCH and degraded phosphorylated Dvl2, 
thereby hindering esophageal cancer tumor growth. Given that 
a single circRNA could regulate numerous downstream genes 
via a common miRNA target, our results suggested that these 
circRNAs may potentially act as drivers of cancer through 
highly enriched signaling pathways. CircRNAs may represent 
novel biomarkers for tumor diagnosis and prognosis, as well as 
miRNA inhibitors involved in antitumor therapy.

Identification of miRNA‑binding sites via circRNA micro-
array analysis allows investigation of their indirect effects on 
several functional mRNAs, resulting in possible identification 
of circRNA function(s). The microarray analysis identified five 
miRNA‑binding sites in circRNAs, and we anticipate that the 
possible BC‑specific biological function and mechanism of 

Figure 9. Western blotting and immunohistochemical staining of CBX4 expression on BC tissues. (A) Western blotting revealed that BC tissues had higher 
CBX4 expression levels in contrast with ANNB tissues. (B) High expression of CBX4 could be observed in BC tissues compared to ANNB tissues. CBX4 
staining was found in the nuclei and partly in the cytoplasm of normal and tumor tissue. **P<0.01. CBX4, chromobox 4; BC, bladder cancer; ANNB tissues, 
adjacent non‑neoplastic bladder tissues.
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circRNAs could be identified through these miRNAs or target 
mRNAs that share the same MREs with these miRNAs. It was 
observed that as a tumor suppressor, miRNA‑136‑5p played 
an important role in tumor progression related to kidney (51), 
lung (52), and breast cancer (53). A recent study concerning 
miRNA screening for BC revealed that miRNA‑136‑5p 
was among the top 10 downregulated miRNAs, but without 
large sample validation (54). In the present study, RT‑qPCR 
analysis of 40 paired tissue samples confirmed the down-
regulation of miR‑136‑5p in BC, with the findings consistent 
with the microarray results. Bioinformatics analysis subse-
quently identified miR‑136‑5p‑specific MREs present in 
both hsa_circRNA_100876 and mRNA‑CBX4, which was 
validated by luciferase assay. Therefore, it was surmised that 
there may be important regulatory relationships between 
hsa_circRNA_100876, miR‑136‑5p, and CBX4 resulting in 
alteration of BC‑related activity.

This study, to the best of our knowledge, is the first study 
reporting significant upregulation of hsa_circRNA_100876 
levels in BC tissues. Additionally, it revealed that upregulated 
expression of hsa_circRNA_100876 was positively correlated 
with lymph node metastasis, T stage and significantly shorter 
OS, suggesting that hsa_circRNA_100876 may play a critical 
role in biological functions associated with the occurrence and 
development of BC.

CBX proteins are members of the PcG family of proteins, 
which participate in the malignant progression of numerous 
human cancers. CBX4 is a unique protein with enzymatic 
activity in the CBX family, and can act as small ubiquitin‑like 
modifier (SUMO) E3 ligase in SUMO modification, which 
plays a significant role in regulation of transcription, DNA 
repair structure, and alteration of chromatin (55). Abnormal 
SUMO modifications are related to numerous diseases, 
including cancers (56). CBX4 regulates the levels of various 
proteins via SUMO E3 activity, and its expression in malig-
nant tumors has become a research hotspot (57). Li et al (58) 
reported that CBX4 can upregulate hypoxia‑induced VEGF 
expression via SUMO modification of two lysine sites in 
hypoxia‑inducible‑1a, thereby promoting angiogenesis in hepa-
tocellular carcinoma. In breast cancer, it was demonstrated 
that CBX4 could reduce the cell proliferation induced by 
estrogen via inhibiting estrogen‑signal transduction by SUMO 
modification of zinc finger protein 131 (59). In the present 
study, GO analysis revealed that hsa_circRNA_100876 was 
enriched in association with PcG complex, SUMO transfer 
activity, and SUMO binding, with the corresponding genes 
universally including CBX4. The results further confirmed the 
biological role of CBX4 and revealed a potential relationship 
between hsa_circRNA_100876 and CBX4. The subsequent 
correlation analysis revealed a negative correlation between 
hsa_circRNA_100876 and CBX4 expression and that of 
miR‑136‑5p. Additionally, hsa_circRNA_100876 and CBX4 
expression was positively correlated. These results suggested 
that hsa_circRNA_100876 may act as sponge for miR‑136‑5p, 
resulting in increased in CBX4 levels, thereby altering BC 
progression.

Currently, the molecular mechanisms associated with 
circRNAs in BC remain unclear. The present study demon-
strated that numerous circRNAs were dysregulated and these 
aberrantly expressed circRNAs may serve key functions to the 

occurrence and development of BC. The results provided novel 
insight into the complex biological functions of circRNAs in 
the process of BC carcinogenesis and circRNAs could serve 
as potential biomarkers for BC. Furthermore, this is the first 
study reporting overexpression of hsa_circRNA_100876 in 
BC and the potential role of CBX4 in BC. The relationship 
between hsa_circRNA_100876, miR‑136‑5p and CBX4 may 
be a crucial molecular mechanism related to BC. A future 
study will focus on elucidating the regulatory relationship 
between hsa_circRNA_100876 and CBX4 in association 
with BC.
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